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Abstract 
This paper demonstrates a new methodology for designing a virtual factory model and model 
execution on the basis of a real schedule plan. The main characteristic of the developed method is that 
the inputs are regarded as one of the main parameters of the production process, and the main 
objective is to create a low-cost production process model. The methodology is adjusted for use in 
SMEs (Small and Medium-Sized Enterprises) with individual or unique type of production. For such 
companies, the method represents an ability to optimize existing production processes through 
detecting and eliminating possible errors and disturbances before the real production process is 
executed at an acceptable cost. The applicability and suitability of the developed method for virtual 
production performance has been proven with the verification process, where the input data for the 
simulation was obtained from a real company. The simulation results have shown that the presented 
methodology is a useful tool for the optimization of the production process. 
(Received in June 2013, accepted in September 2013. This paper was with the authors 1 month for 1 revision.) 
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1. INTRODUCTION 

 
In today's market, SMEs are quite a frequent company form. If they want to be successful, 
they must be capable of adapting instantly to the new and often changeable market demands. 
They must be able to quickly organize their production and the flow of resources in a unique 
and small quantity production as best as possible. Only that kind of work keeps them globally 
competitive, successful and innovative. 

Researches of production times in smaller companies indicate that machining and 
assembly actions of each operation represent only 5 % of the entire operation duration. The 
other 95 % of the operation time represent the placing of physical resources at the preliminary 
operations or the waiting before the next operations during setup times. Much of the operation 
time is also unnecessarily spent on transportation and handling etc. [1]. 

Different research studies indicate the enormous loss of production time in machining, 
handling and assembly operations, caused mostly by the unavailability of resources [2]. From 
practical experience, it is well known that the right quantity of the right resources at the right 
time and in the right place is one of the most important factors and even a precondition for the 
start of every individual operation. 

If SMEs want to eliminate the non-availability of resources, they should detect and 
eliminate the majority of possible mistakes and disturbances in advance and in this way they 
could avoid the majority of deadlocks in the production process. 

As a result of our research work, an advanced method was developed for verifying the 
planned schedule with emphasis on the presence of the required resources. On the basis of the 
developed method, an example of a low-cost pilot simulation model was created. 
Development of a low-cost simulation tool was the objective of various researches, with the 
goal that the simulation would be accessible to small businesses with small batch production 
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that want to improve their manufacturing processes. For this reason, the virtual factory is a 
suitable environment in which the developed simulation models are carried out. 

The paper presents the verification for the developed method and simulation models 
which proves the practical applicability of the proposed method for small companies with an 
individual or small quantity type of production. 

 
2. VIRTUAL FACTORY AND VIRTUAL PRODUCTION 

 
In general, virtual production is defined as the integration of different models, simulations and 
presentation techniques in an integrated system on a computer that allows the execution of the 
production plan in a virtual environment or, in other words, the performing of the production 
process in a virtual factory [2, 3]. For the successful introduction and implementation of the 
virtual production it is necessary that the company successfully uses the integral information 
system which supports each stage of the production process [4]. 

In today's demanding market, it is particularly important for SMEs to constantly upgrade 
and improve their operation and thus stay successful. Based on past research [1], it is clear 
that there are significant reserves in the production process organization. The optimization can 
be carried out in the following ways: 
 scheduling the production operations in time scale [5-8], which is the most common 

approach in practice, 
 improvement of the production process at the level of the operation’s execution [3, 9-13] 

and 
 special approaches to improve production effectiveness [14-18]. 

There are several simulation tools on the market that make production process 
optimization possible [2]. Most computer simulation systems, commonly known as Digital 
Factory [19], are designed for use in large-scale and mass productions. They are practically 
inaccessible for smaller companies because of the very high prices of such virtual production 
systems [2]. 

Compared to the real production process, the biggest advantage of virtual production is 
that in virtual environment we operate only with data and not with physical resources, 
materials, and energy [2]. 

The production process in a virtual environment can be performed in any number of 
experiments and under various conditions and before the planned production processes are 
performed in actual production [2]. The analysis of the production process parameters is 
carried out based on the results of virtual production and on the basis of those results the 
optimization of the production plan is carried out. 

 
3. DEVELOPED METHOD FOR VIRTUAL PRODUCTION 

 
The developed method for virtual production performance was based on the findings from 
literature [2, 9] and practical experience. The method is called PoVEIR (Production in Virtual 
Environment Incorporating Resources) and has been designed especially for the optimization 
of the production processes in smaller companies which are characterized by a unique, small-
scale and variable production volume. 

One of the fundamental directions in the method development process was that the 
planned production process which is determined by a schedule plan is carried out in the same 
way on the computer as it would be performed in the actual production process. For this 
reason, the real production system (Fig. 1) is mapped out on the computer with a precision 
that provides satisfactory results of the virtual production. 
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Figure 1: Material and data flow in the production company from a cybernetic point of view. 

 
The most important part of a real production system that is used in a virtual production 

system is the data about the real production process. All the data for the entire production 
system are managed and controlled by the integral information system (Fig. 1). It also 
manages the data about how the production and assembly processes should be performed and 
which conditions must be met for the execution of the production process. The integral 
information system also supports resource management, which ensures an appropriate 
quantity of all the required resources in the entire production process. 

The PoVEIR method is designed as an advanced approach which, as opposed to the 
standard systems for virtual production, takes into account the presence of the significant 
physical and human resources in the execution of every basic part of the production process. 

The results of a virtual production execution could be used for predicting how the actual 
schedule plan will be carried out in a real production system in the future. By changing the set 
of resources or the availability of resources we obtain feedback about the execution of the 
production process according to the schedule plan. In this way it is possible to predict various 
unexpected delays that occur due to the unexpected unavailability of the required physical and 
human resources. 

 
3.1  Building the model of a virtual factory 

The essential idea in the innovative PoVEIR method is that the virtual factory is created as a 
combination of (Fig. 2): 
 the virtual physical system and 
 the real information system. 

The virtual physical system is built on the basis of actual data from a real production 
system and has all the essential features of the actual production system. The most relevant 
data collections about a production system are the data about the real production system 
layout and the logical interdependence between different elements of the production system. 
A real information system is obtained through data connections with a real database. Physical 
and information systems are connected via communication links in order to mutually 
exchange data. For the virtual production performance, the same input data are used as the 
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input data for the real production. And finally, the PoVEIR method ensures that the output 
data of the virtual production are comparable with the output data of a real production. This 
confirms the hypothesis that virtual production is comparable to real production performance. 
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Figure 2: Data flow scheme in the virtual factory. 
 

The model of the virtual physical system that authentically describes a real production 
process (Fig. 3) is based on the characteristics of a typical representative of a small company 
with a unique quantity type of production. The virtual physical system is created as a 
combination of three sub models which are mutually interconnected and intertwined: 
 product sub model, 
 process sub model, 
 resources sub model. 

The product sub model represents all the types of products in the observed time period 
and the process sub model comprises all the variants of processes that can be carried out in the 
observed time period and are defined in detail. The resources sub model contains all the data 
about the resources in the production process and the data about the production process 
structure (factory structure). Those data are the data about the production system layout and 
the logical dependences between all the physical elements of the production system. 

It is commonly known that all input conditions must be available for the execution of the 
production process. This means that the production process can be performed when all input 
conditions (Fig. 3 and Table I), such as NC programs, time schedule data, technological/ 
operational lists, data about all the resources, energy, physical resources, human resources, 
and machining parts, are present at the place of implementation of the production process. 
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Figure 3: Inputs and outputs of the production process in typical small companies with unique 

and small quantity type of productions. 
 

Table I: Description of inputs and outputs of the production process. 

Production factor Description 

programs NC  numerical control programs for operations execution on machining 
centres (or working centres or assembly centres etc.)  

time schedule data  time schedule data about operations executions in time scale  
technological/operational 
lists  

documents which contain technological and operational data  

data of resources  data about all the resources in the production system  
resources  the required physical resources for the production process  
human resources  the required human resources for the production process  

machining parts  machining parts (or working or assembly parts) in the production 
process  

energy  all types of required energy  
 
The production process execution for every machining part is defined by the combination 

of the product sub model and the process sub model. The production process execution for 
every machining part actually consists of a sequence of operations [20] that is defined in the 
technological plan. For every operation, it is determined which inputs are required to start 
performing the operation (Fig. 4). 

According to the PoVEIR method, the operation is a basic element of the production 
process and it is defined as part of a technological process performed by one employee or a 
group of workers at one workplace with one working machine and by using different tools 
and/or devices. In this context, the expression level of operation also appears and it is defined 
as part of the operation which is carried out at one workplace with one tool at one clamping 
[21]. Within an individual order, the number of ordered products represents the number of 
cyclical repetitions of the operation [22]. 

It is considered that the performing of every individual operation can start when all the 
input conditions (Fig. 4) are present at the required time, at the required place and in the 
required quantity. 
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Figure 4: Inputs and outputs of the operations in the production process and an example of the 
sequence of the performing of operations. 

 
3.2  Resources in the virtual factory 

 
All the resources in the production system are identified in the resources sub model. For this 
purpose it is required that the database in a company must contain all the key data about each 
resource. 

The most important resources in the production system are (Fig. 4): 
 machining centres (or working centres or assembly centres etc.), 
 cutting tools, 
 clamping devices, 
 transportation devices, 
 measuring devices, 
 special equipment and 
 human resources. 

Each individual physical resource has to be characterized by all the parameters that are 
required from the model. Therefore, each individual physical resource must be characterized 
by at least the basic characteristic parameters such as the ID number, the location, availability, 
and availability schedule. 

 
4. LOW-COST VIRTUAL FACTORY 

 
The virtual factory with included simulation model is focused on the importance of the 
presence and availability of the production resources in the production process. The presence 
and availability of all the demanded resources is a condition for every single operation to be 
performed. The human resources in this part of the study are accounted as resources that are 
available during the working time periods. At this stage of the research, the psychological 
factors, sociological factors, and the possibility of decision making are not taken into account 
and modelled for human resources. 

On the basis of the PoVEIR method, a pilot low-cost simulation model was developed. It 
consists of four significant parts (Fig. 5): 
 the model of the production system, 
 production process data, 
 the module for setting up the environment for simulation and execution and 
 the module for the presentation of simulation process results. 
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Figure 5: The functional parts of a pilot model based on the PoVEIR method. 

 
4.1  Production system model 

 
The production system model is built on the basis presented in section 3.1, and describes a 
real production system with the required precision down to the level of operation. The model 
contains the production process elements of the entire production system and also comprises 
the logical connections between them in a way that makes the execution of the model on a 
computer possible. 

For the production system model and the simulation execution the resources sub model is 
the most important. It is understandable that the production process execution for a defined 
period requires accurately defined resources. The list of required resources is simply acquired 
from the schedule plan. With the combination of the list and the data structures of all 
resources in the production system we actually create a dynamic resources model for a 
defined time period. 

In the research context, it is appropriate to use a discrete event simulation technique for 
performing a simulation of the production system. Discrete event simulation means that 
events are observed only at the time when any of the characteristics of the elements or 
processes in the production system are changed. This feature of the discrete event simulation 
has the significant advantage of a shorter simulation time. 

On the basis of the discrete event theory [23-25], the factory layout design was designed 
like an extended Petri net graph (Fig. 6). The extended Petri net graph is constructed on the 
basis of an analogy with the activities graph (Fig. 4). Based on this theory, every single 
operation in the production process is defined as a transition between two states. Each 
transition can be performed when all the input places are full and those places are essentially 
the input conditions. Thus, the input places of each activity are understood as the conditions 
of the activity, and the output places as the result. The following operation can begin only 
after the previous operation is completed. 

The sequence of operations for each working centre represents a logical and chronological 
sequence which is the sequence of operations in an individual working centre during the 
production process (Figs. 4 and 6). The sequence of operations is generated from the schedule 
plan. 

 
4.2  Production process data 

 
For virtual production, the appropriate data structure is required and the data must 
characterize the production process, all the products, and all the resources in the system. The 
data are obtained from an integrated information system through queries in proper structure. 
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In general, these data are the code, name, location, ID number, and the information about the 
availability of each element.  

 

mp

TD - transportation devices

CD - clamping devices

CT - cutting tools

mp - machining part

MD - measuring devices

MC - machining centre

operation n

T/O list

program NC

TS_data

MDCT MC
CD SE

RE_data

TD HR

SE - special equipment

HR - human resources

T/O list - technological list/list of operations

RE_data - data of resources

TS_data - time schedule data

mp

operation n+1

T/O list

program NC

TS_data

MDCT MC
CD SE

RE_data

TD HR

mp

 
Figure 6: An example of Petri nets based on the activities graph. 

 
Furthermore, the schedule data are required. This determines the sequence of the 

operations that are planned in sequence to carry out the production process. For every single 
operation from the schedule data the required resources for its execution are specified. There 
are also the specified data about what, where, when, who, and how the operation will be 
carried out. From the working centre point of view, the schedule data is the working plan for 
the production process for a specific time period. 

 
4.3  Setting up the simulation model and simulation execution 
 
The virtual factory simulation model is based on the PoVEIR method and is designed in a 
standard computer tool Plant Simulation (Tecnomatix eM-Plant) (Fig. 7). 

 

 

Figure 7: An example of the virtual factory in Plant Simulation. 
 

The simulation runs are also executed in that tool. This standard simulation tool has been 
used for several reasons and advantages: 
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 the simulation tool is based on discrete events execution, 
 the tool is a standard and generally applicable simulation tool, 
 the program is object-oriented, 
 data exchanges between the simulation model and databases are not complicated, 
 the complex logical dependencies in the production system can be modelled by 

programming in the programming language SimTalk [26], 
 the simulation tool is suitable for making simulations for the production process of small 

companies with small batch or unique type of production, 
 the tool offers an easy way to create different and desired graphical or numerical 

presentations about the progress of the production process in a virtual factory. 
The simulation model of the production system is designed in a way that the production 

parameters in the model are adapted automatically in real-time according to the data from the 
schedule plan. 

 
4.4  Simulation process results 
 
The virtual production performance in a virtual factory uses the schedule data for the future as 
input, and as output we obtain the data about the expected state and progress of the production 
process in the future. In this way we obtain the data about the predicted times through the 
simulation for every single operation: 
 the start of operation, 
 the completion of operation and 
 the estimated duration of operation – lead time of operation. 

 
The acquired data are compared to the input schedule data, and after comparing the data it 

is determined whether the output data is satisfactory regardless of the schedule plan for the 
production process in the future. If the result of the analysis is unsatisfactory, the schedule 
should be corrected appropriately and the fine planning of the production process should be 
repeated. The modelling, simulation, and evaluation of the results should be done again. 

The obtained results demonstrate the comparison between the schedule and the results of 
the virtual factory and must be presented clearly to the users. The most suitable presentation is 
graphical. 

 
5. VIRTUAL FACTORY: VERIFICATION AND EXECUTION 

 
The virtual factory developed on the basis of the innovative PoVEIR method was tested with 
the verification process to prove its relevance and applicability. Verification was performed 
by a comparison between the outputs of the virtual production and the post-calculation data 
from a real production process. In both cases the same input data were used. The post-
calculation data have been obtained from the database of a real company for the observed 
time period. The verification was performed for several cases or, more precisely, for one 
working centre, two working centres, and nine working centres. The same production 
parameters were used in the virtual factory as in the real production. 

The verification process has revealed that the acquired simulation results regarding 
production times coincide with the post-calculation production times within the range of 1 to 
1.2 %. This clearly shows that virtual production in the virtual factory is a suitable and 
applicable tool for the prediction of a production process. 

Furthermore, it was also discovered that internal transport times for the observed type of 
production can be disregarded because these times represent about 0.5 % of the total 
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production time. These times, compared to the waiting times in the production, represent a 
very small effect on the total production time. 

The simulation results comprise all the principal data which determine the sequence of the 
production process in the virtual factory. These data are: 
 the code of the work piece, 
 the ID number of the operation, 
 the code of the working centre where the operation is executed, 
 the start time of every operation, 
 the completion time of every operation in virtual factory, 
 the duration of an operation in virtual factory, etc. 

The most important data from the virtual factory about every single operation are the start 
and the completion time of an operation, and the subtraction between those times that 
represents the duration of the operation. A comparison and analysis is carried out for the 
obtained operation times and the data from the schedule. If there are no significant deviations 
between the compared data, the schedule is ready to use in a real production. If deviations 
occur, it is necessary to find the causes, remove them, and re-plan the production process. A 
new simulation in the virtual factory is then performed with the corrected and optimized 
schedule. These steps can be repeated until the optimal schedule plan is achieved. 

The verification of the virtual factory for production on one machining centre in the tool-
shop has been carried out to confirm the presented method. A comparison was made between 
the planned hours and the hours it took for a production process to be performed in the virtual 
factory (Fig. 8). In the first column (Fig. 8, Run 1), the deviation between the planned data 
and the simulation results data is evident. After an analysis, we discovered that deviations 
occurred because of the unavailability of resources during the production process. Alternative 
resources were then put in the schedule and the simulation was run again. In the second 
column (Fig. 8, Run 2), it is evident that the differences between the planned data and the 
simulation results data are no longer significant and the corrected schedule is appropriate to 
use in a real production process. 
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Figure 8: Comparison between the planned data and the simulation results data for one 

working centre. 
 

Another example shows the analysis between the planned data from the schedule plan and 
the results of the simulated production process for nine working centres (Fig. 9). In the same 
chart, two runs for each working centre are compared. First runs represent the comparison 
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between the planned schedule data and the simulation data from the virtual factory. Because 
of the deviations in the first run, corrections were made in the production plan and schedule. 
The simulation was then performed again in run two. The comparison between the corrected 
schedule plan and the obtained data from the simulation shows that deviations are much 
smaller than in the first run (Fig. 9, Run 2). Based on the obtained results, we can say that the 
corrected schedule is suitable for use in a real production. 
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Figure 9: Comparison between the planned data and the simulation results data for nine 

working centres. 
 
The simulation of the production process facilitates the production times monitoring, but 

also the detection of failures, congestions, unavailability of resources, and defects in a 
planned production process. In practice, the virtual factory approach is suitable because it 
enables fast performing of a planned production process that depends on various production 
process parameters, such as the number of workers in a shift or the number of shifts. Another 
very important characteristic of the virtual production is the fast obtaining of the information 
about the expected completion of the schedule, which is very useful for rough production 
planning. 

 
6. CONCLUSION 

 
This paper presents the innovative approach PoVEIR. It is based on the execution of a virtual 
production in a virtual factory and is focused on the presence of resources in the production 
process execution. The main advantage of a virtual production is a simple and fast execution 
of the production process simulation at low cost. The developed approach is most suitable for 
use in small companies with the small quantity type of production. 

The verification for the virtual factory has been carried out and it has been demonstrated 
that the new simulation approach is suitable for practical use. The virtual factory has been 
verified for a period of time in several steps, first for one work centre and then for a group of 
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work centres. The input data for the simulation were obtained from a real test company. The 
comparison of the data acquired from the virtual production and the data from post-
calculation showed their proper matching which verifies the suitability of the new PoVEIR 
approach. 

The applicability of the virtual factory is clear from the presented example. For the 
production process with nine machining centres, it is evident that in Run 1 the planned 
production process times and the simulated production process times differ on average by 
30 %. After correcting the schedule plan and re-performing the simulations in Run 2, the 
times differ on average by only 4 %. 

And finally, with special upgrades, the developed virtual factory could be applicable in 
other types of companies with small quantity type of production. Further research in the 
virtual factory field should be focused on upgrading the model with the integration of human 
resources decisions for the cases where the production process is not precisely defined. 

Virtual factory is also useful in education and training. It offers students and employees a 
simple way to perform tests and studies of various production scenarios and to observe the 
response of the virtual factory to the input data. In this way, they quickly and easily acquire 
the knowledge and experience regarding the behaviour of the observed production system. 
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