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Abstract: The strategic initiative Industry 4.0 implies integration of Cyber-Physical Production Systems (CPPS), Internet of Things (IoT) and 

cloud computing, leading to what is called "smart factory". The lack of theoretical foundation and methodologies for development of CPPS 

creates barriers that may hamper the adoption, commercialization, and market success of the new CPPS applications. Standardization and 

digitalization are at the heart of the methodologies for developing intelligent cyber-physical production systems. OPC UA is the only 

recommended communication standard within the RAMI reference architecture. Here comes the main purpose of the paper to analyze OPC 

UA in respect to the information model creation and measures to ensure security of applications. An important place in the paper is devoted 

to the specification of standardized information models of other organizations, such as those of the ISA-95 (IEC-62264). 

Keywords: CYBER-PHYSICAL PRODUCTION SYSTEM, INDUSTRY-4.0, IEC-62541, OPC-UA, INFORMATION MODEL, 

SECURITY 

1. Introduction

The backbone of Forth Industrial revolution are the Cyber-

Physical Production Systems (CPPS), which are considered to be 

new types of systems that expand the capabilities of physical world 

through computing, communications and control, and upgrade the 

electronic automation. The fundamental requirements for 

introducing CPS in industry are specified by [1] as follows:  

 Adaptable to heterogeneous environments: integration with

cutting-edge information systems, smart-devices and the existing 

environment (from old PLCs to smart object embedded in 

computing power). 

 Capable of working in distributed networks: they should

gather, transfer and store in a reliable manner all the information 

provided by smart sensors and actuators through the use of the 

Internet of Things (IoT). 

 Based on a modular open architecture: the interoperability has

to be ensured across different platforms provided by several 

vendors along the value chain. 

 Incorporate human interfaces (HW & SW based): integration

of user-friendly and reliable service to make decision makers aware 

about the real time situation of the factory. 

 Fault tolerant: given by the encapsulation of models to

activate prediction control loop and correctness of automation 

systems. 

Standardization plays an important role in fulfilling the above 

mentioned requirements. The development and adoption of 

standards reduces the risk to enterprises and encourages the 

adoption of new technologies, products and production methods. 

Standards for CPPS include reference architecture, 

communications, common services and functional models, 

semantics, security and safety standards, and standard interfaces for 

system-to-system interactions [2]. A survey on the “Prospects for 

Industry 4.0” [3] confirms the importance of standardization for 

adoption of Industry 4.0 and CPPS. The major advantage of using 

standards is that they reflect the state of the art of research and 

technology development and promote mutual understanding and 

consensus among partners. The main shortcomings in 

standardization are related to the existence of too many standards 

and the lack of interoperability between them internationally, with 

the main reasons for this being the different culture, language and 

areas of use. Overcoming these shortcomings requires cooperation 

and coordination, the so-called harmonization process. It can 

implement this by using the 5C architecture of the CSPP [4] and 

analyzing the standards that support the different layers of 

architecture [5]. 

The fusion of automation and information technology requires 

two key elements. First is the requirement for an intelligent MES 

system able to make rule-based decisions and store the data 

collected. Second is the requirement for a fast, platform-

independent, scalable and secure communication layer that can be 

integrated horizontally and vertically. These requirements are fully 

met by IEC-62541 Standard (OPC UA) [612], which defines a 

common infrastructure model for information exchange between 

components (sensors, mechanisms, control systems) and systems 

(MES, ERP) in the industry. OPC UA supports the creation of the 

following specifications: 

 An information model for representing structure, behavior,

and semantics. 

 Message modelling for interactions between applications.

 Communication model for data transfer between endpoints.

The main aim of the paper is to provide an analysis of the standards 

used in the field of cyber-physical systems. The main focus of the 

analysis is on the IEC-62541 standard, which is referred to as the 

only recommended for implementation communications standard 

foreseen in the RAMI reference architecture of Industry 4.0. There 

are two aspects that are the focus of attention: information modeling 

and security issues that have been addressed in the standard. Of 

importance in the development of methodologies for building of 

cyber-physical production systems is the achievement of 

interoperability between OPC UA and standards that support the 

CPPS architecture. 

The paper is presented in three parts. After the Introduction, the 

second part of the paper presents the 5C architecture of the CPPS 

and analyzes the existing standards, broken down by layers of 

architecture. The third part of the report is devoted to the OPC UA 

standard, consistently analyzing the structure and content of the 

standard, information modeling based on the OPC UA meta model 

and the possibility of creating standardized information models of 

other organizations, such as ISA-95 and PLCopen. Special attention 

is paid to the security model of the OPC UA and its characteristics. 

Finally, some conclusions representing the analysis results are 

made. 

2. CPPS and standardization processes

2.1. 5C architecture of CPPS 

An important step in accelerating the deployment of cyber-

physical systems in the industry is to define their reference 

architecture and methodology for their development. Lee et al. [4] 

offer the so-called 5C architecture for building a CPS, which 

consists of 5 levels: connection, conversion, cyber, cognition and 

configuration. The architecture is presented in Fig.1 and is a 

practical guide to deployment of cyber-physical systems in the 

industry. At the first level “connection”, the necessary information 

is collected from various sources (machines, programs) using 

appropriate sensors and special procedures, with subsequent transfer 
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of the various data received to a central server using different 

appropriate protocols. At the “conversion” level, all data is 

transformed into information using appropriate algorithms, 

procedures and methodologies that form the self-awareness of 

machines (the physical part) and through which their state can be 

predicted. The “cyber” level plays the role of a central hub and 

serves to retrieve new information for the purpose of comparisons, 

evaluations and similarities with past events and situations in order 

to predict the behavior of machines, apparatus and equipment. At 

the "cognition" level, knowledge is generated that the user needs to 

use when deciding on maintenance optimization. At the 

"configuration" level, the feedback of cyber space to the physical 

space is realized in order to achieve self-configuring and self-

adaptive machines and equipment. So-called resilience control 

systems are being put in place to implement corrective and 

preventative decisions taken at the “cognition” level. 

Fig.1: 5C architecture of CPPS [4] 

2.2. Basic standards in the domain of CPPS  

The distribution of standards concerning CPPS on the different 

layers of 5C architecture is suggested by [5] and is shown in fig.2 

The standards for the first layer of the 5C architecture relate, in 

particular, to data acquisition techniques for physical objects and 

systems. Among the most applied standards are those concerning 

Automatic Identification and Data Capture (AIDP), such as 

ISO/IEC-19762 and ISO/IEC-15459, and standards regarding the 

use of intelligent sensors (IEC-21451). This group also includes 

standards related to control systems, such as IEC-61131 for 

programmable logic controllers and IEC-61499 relating to 

distributed control systems. The second layer of architecture is 

supported by standards that provide different languages and 

environments for describing the characteristics of different physical 

devices and systems, such as: IEC-61804, IEC-61360, and IEC-

62714 (AML), which provides a unified format for data exchange. 

Data security standards (ISO-27000) and management systems 

(IEC-62443) also play an important role in this group. The 

standards providing the third layer are the most numerous and affect 

primarily communications including local area networks (ISO/IEC-

8802), wired communications (IEC-61158 and IEC-61784), 

wireless communication networks (IEC-62591, IEC-62601), sensor 

networks (ISO/IEC-29182, ISO/IEC-30101) etc. This group also 

includes the IEC-61541 standard considered in the paper. The 

standards at the cognition layer are oriented to condition monitoring 

and diagnostics of machines (ISO-13374), data processing and 

interface specification (IEC-62453). The configuration layer 

includes a group of standards for overall control of CPS, such as the 

IEC-61512 standard for batch control, IEC-62264 for enterprise - 

control system integration, IEC-61508 standard for functional 

safety. 

OPC UA has been cited as the only recommended standard for 

implementation at the "communication" layer, according the RAMI 

Reference architecture. 

Fig.2: Basic standards in the domain of CPPS [5] 

3. Short analysis of IEC-62541 standard

3.1. Overview of OPC UA 

The IEC-62541 Standard or OPC-UA (Open Platform 

Communication – Unified Architecture) [612] is a new generation 

of OPC that replaces DCOM communication specific TCP/IP 

protocols enabling OPC in any operation system and can be 

implemented in all languages. OPC UA offers a fully networked, 

object-oriented concept for the namespace, including metadata for 

object description. The OPC UA specification defines a service-

oriented architecture (SOA) with a set of services described in Part 

4 of the standard [10]. The information models in OPC UA form a 

layered structure, shown in the Fig.3, where the lowest level is the 

base Information Model. Above the base model the service-specific 

information model extensions for Data Access, Alarms & 

Conditions, Programs, Historical Access and Aggregates are 

located. Above the composition of general information models, the 

companion specifications are defined. The next layer are companion 

specifications which are domain-specific information models On 

the uppermost level of the OPC UA structure, highly specified 

information models are defined by different companies or vendors 

for use in their specific products. The composition of information 

models can be extended.  

Fig.3: Layered structure of information models in OPC UA [10] 

3.2. Information modeling in OPC-UA 

With the OPC UA, the OPC Foundation makes the transition 

from object-oriented COM / DCOM technology to service-oriented 

architecture by integrating the previous specifications into a single 

address space, represented by a model to define complex 

information in the form of objects consisting of nodes related to 

references. Different classes of nodes convey different semantics. 

For example, the variable node represents a value that can be read 

or written, having an associated Data Type that can define the 

current value. The method node represents a function that can be 

called to execute. Each node is characterized by attributes, 

including a unique identifier. The main notations used are presented 

in Fig.4.  
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Fig.4: The OPC UA Information model notations [9] 

There is increasing interest in creating standardized information 

models based on OPC UA, such as the ANSI / ISA S95 information 

models (IEC-62264) and the PLCopen initiative in modeling motion 

control systems. The approach for generation of OPC UA model 

from an existing ISA-95 model includes the following steps: 

 Mapping all ISA-95 properties to OPC UA Variables and

OPC UA VariableTypes and creating new OPC UA VariableTypes 

or subtype of a VariableType if needed. 

 Mapping all ISA-95 classes and ISA-95 Objects to OPC UA

ObjectTypes and creating new OPC UA ObjectTypes if needed (for 

Objects with multiple instances). 

 Creation of all types as a part of hierarchical set of types in

order to facilitate the implementation and maintenance. 

 Converting all IDs of relationships between the elements of

ISA-95 model to OPC UA References using the existing 

References, if possible. 

 Reusing existing OPC UA concepts wherever possible. Do

not duplicate them. 

 Comparing the resulting model to the B2MML model in order

to verify it. 

According [13] is given an example with the ISA-95 Equipment 

Model. It is an abstract model that describes classes of logical 

equipment. Fig.5 shows the Equipment Information model in terms 

of the OPC UA Information Model. It consists of “Equipment 

Types” and “EquipmentClassTypes”. The model includes the 

definition of subtypes of “EquipmentClassType”, an instance of 

“Equipment”, and a subtype of “EquipmentType”. Any subtype of 

“EquipmentType” includes additional restrictions on Instance of the 

subtype such as the instance can never remove an associated 

“EquipmentClassType”. 

Fig.5: ISA-95 equipment information model [13] 

3.3. Analysis of security model of OPC-UA 

The three requirements for security are to preserve the 

confidentiality, integrity and availability of information assets. 

“Confidentiality” ensures that users without access rights do not 

have access to the information, the term "integrity" refers to the 

preservation of accuracy and integrity of information, and the term 

"availability" to the ability of authorized persons to access 

information in a timely manner, and maintaining information 

resources in a state where they can be used without issue. Security 

is achieved through preventative methods used to protect 

information from theft, compromise or attack. This requires 

understanding of potential information threats such as viruses and 

other malicious code. Security risk is a product of three elements: 

threat, vulnerability and impact. Risk refers to the possibility of loss 

or damage when a threat takes advantage of a captured 

vulnerability. Risk may include financial loss as a result of business 

interruption, loss of privacy, damage to reputation, legal 

consequences and even loss of life. Vulnerability refers to some 

asset (resource) weakness that allows an attack to be successful. 

OPC UA can be used in a variety of operational environments.  

In some cases, it can be an attractive target for industrial 

espionage or sabotage, and can also be exposed to threats through 

unobtrusive malware, such as worms circulating on public 

networks. with different assumptions about threats and accessibility, 

as well as different security policies and enforcement regimes. The 

standard therefore provides a flexible set of security mechanisms. 

The Client-server communication can be implemented in two 

ways - through and without a session. The session is organized in 

the application layer and, in addition to the routine work of client 

and server applications, it is tasked with managing the security, 

authentication, and authorization goals of the user. The session 

communicates via a secure channel in the communication layer, 

which is organized in a very flexible way and needs to be activated. 

The communication layer provides security mechanisms to achieve 

privacy, integrity, and authentication of the application using the 

secure channel, which provides encryption to maintain 

confidentiality, signature of integrity maintenance messages, and 

certificates for providing authentication of the application. The 

security mechanisms provided by Secure Channel services are 

implemented by a protocol stack that is selected for the 

implementation. Where OPC UA (UACP) protocols are used, then 

security features are specified in the manner of SSL/TLS. 

Fig.6: OPC-UA security architecture for client – server [7] 

Communication between applications is based on messaging, 

the parameters of which are defined in Part 4 of the standard and 

their format specified by DataEncoding and TransportProtocol. A 

stack is a collection of software libraries that implement one or 

more stack profiles. The interface between the application and the 

stack hides the details of the implementation of the stack, depending 

entirely on the development platform used. Each OPC UA 

StackProfile is a separate application protocol. Even when 

SecurityMode = None is selected, i.e. no security is supported, the 

SecureChannel layer is present, maintaining a logical channel with a 

unique identifier. 
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Fig.7: OPC-UA security architecture for client – server [11] 

4. CONCLUSIONS

The success of the vision for Industry 4.0 requires considerable 

effort to achieve wide-ranging standardization and consistent 

digitalization, as well as successfully meeting the following 

requirements, defined in [14]: 

 Independence of the communication technology from

manufacturer, sector, operating system, programming language

 Scalability for integrated networking including the smallest

sensors, embedded devices and PLC controllers, PCs,

smartphones, mainframes and cloud applications. Horizontal

and vertical communication across all layers.

 Safe transfer and authentication at user and application level.

 Service-orientated architecture (SOA), transport via established

standards such as TCP/IP for exchanging live and historic data,

commands and events (event/callback).

 Mapping of information content with any degree of complexity

for modeling of virtual objects to represent the actual products

and their production steps.

 Unplanned, ad hoc communication for plug-and-produce

function with description of the access data and the offered

function (services) for self-organized (also autonomous)

participation in “smart” networked orchestration/combination of

components.

 Integration into engineering and semantic extension.

 Verifiability of conformity with the defined standard.

From the analysis presented in the article, it is clear that all of the 

above requirements can be achieved through the widespread 

implementation and development of the various aspects of the OPC 

UA standard, as OPC UA runs on all operating systems and can be 

implemented in all languages. OPC UA is scalable because it is 

used in embedded field devices as well as in MES and ERP 

systems, even reaches projects in the Amazon and Azure Cloud. 

OPC UA uses certificates, authentication of the application, signed 

and encrypted transfer, and audit functionality available in the 

stack. OPC UA is independent of the transport method and the 

stacks guarantee consistent transport. OPC Foundation works 

closely with organizations and companies such as PLCopen, 

BACnet, FDI, ISA95 to improve interoperability and semantic 

extension. With respect to cyber-physical systems, achieving 

interoperability of OPC UA with the standards from the other layers 

of 5C architecture is of paramount importance. 
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Abstract: Wet wipe machines are machines for high capacity production at high speeds. Even the short downtimes of the machines in the 

production area lead to huge losses for manufacturers. However, in these machines; unexpected breakdowns such as belt breakage, bearing 

damage, sensor motor failures, pneumatic air leaks are frequently encountered. In order to prevent unwanted stoppages, a sensor, actuator 

and plc based application has been implemented to prevent failure parameters and to detect faultlessly by monitoring the operation 

parameters. As a result of the studies carried out, our wet wipe machines that we produce have been adapted to the industry 4.0 concept. 

Keywords: WETWIPES MACHINE, INDUSTRY 4.0, PREDICTIVE MAINTENANCE 

1. Introduction

Today's technological developments, increasing energy need, 

changing and developing competition conditions make maintenance 

and repair activities even more important. Maintenance and repair 

activities constitute one of the important expense items of the 

enterprises.  

As technology evolves, labor costs decrease and investment 

costs and automation-oriented facilities increase. Increasing 

investment and maintenance costs are also increasing. Production 

losses as a result of unexpected breakdowns during production may 

hinder the implementation of production plans. Nowadays, the 

interruption of the current production  causes huge costs, even in 

minutes.  

Maintenance and repair of malfunctioning machines is both 

laborious and costly. In case of unexpected, sudden breakdowns in 

the operation, maintenance and repair takes a long time and it may 

be difficult to find spare parts depending on the location of the 

failure. Of course, production losses and costs increase in the 

meantime [1]. Although the intervention after failure is a kind of 

maintenance method, considering the current conditions, the 

understanding of intervention to the machine before the failure 

occurs becomes more and more important. 

The understanding of intervening machines without a 

breakdown is an approach developed to get the highest efficiency 

from a machine and to minimize production losses due to a 

downtime or maintenance. This understanding for monitoring the 

situation in running machines; it is called predictive care. The data 

collected without stopping the machine with the current predictive 

maintenance methods are examined and comments are made. As a 

result of these comments, the occurrence of malfunctions in these 

machines is estimated and appropriate stops are planned and 

intervened in the appropriate time. In this way, interruption of the 

defective area in the machine before the incidental situation occurs, 

prevents unnecessary downtime and costs. Bearing damage, sensor-

motor failures, pneumatic air leaks, etc. are frequently encountered 

in wet wipe machines.  

In this study; in order to prevent unplanned stops, a sensor, 

actuator and plc based application has been realized for preventing 

the failure sources and detecting them without fail by monitoring 

the operating parameters. In the application, data from sensors and 

motor drives were collected and statistical calculation tools on plc 

were used to determine the operating data deviating from the 

standard values and to determine the faults beforehand. An 

application has been developed which detects the amount of air 

leaks in the compressed air circuit.  

2. Bearing Damage Detection

In this method, the vibrations of the machines are measured and 

analyzed periodically. Changes in vibrations are monitored using 

previous data. If there is a vibration caused by the fault, the 

vibration trend will increase. In the meantime, if the situation is 

serious, the machine will be serviced immediately and the necessary 

repairs or parts replaced. This method of monitoring machines 

without interfering with their work closely, eliminates unnecessary 

stoppages and prevents unnecessary parts replacement. As the point 

of failure can be detected in advance, a future maintenance and 

repair program can be established, and any failures that may cause 

sudden stops can be eliminated [2]. 

It is important to decide which expression should be selected as 

the unit during the measurements. Displacement, velocity and 

acceleration measurements have their own advantages and 

disadvantages [4]. This decision is made according to the speed of 

the machine to be measured (Hz). The  figure 2.1. illustrates this 

situation better. 

As shown in Figure 2.1, measurement using displacement 

should be used on low speed machines. That is, it should be used on 

machines with a speed of less than 10 Hz (600 rpm). Because in 

low-speed machines, a large part of the vibration energy is located 

in the low frequency zone. Measurements using acceleration are 

used in high-speed machines. It is easier to comment if the 

acceleration is used on machines with a speed of 1000 Hz or more. 

As seen in Figure 2.1, the speed can be used in a wider frequency 

range and gives efficient results. Speed is an amplitude unit that can 

be used in most measurements. It is important to know which unit 
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to use during measurements. If we do not act accordingly, we may 

not be able to make healthy measurements and make healthy 

analyzes. Our values and decisions can be misleading. 

Vibration Amplitude ie the intensity of vibration, peak value, 

inter-peak value, RMS and average can be expressed in four ways 

[6]. 

The peak value is the distance from the zero point to the peak, 

ie the maximum value at which the vibration signal reaches a point 

[6]. This value is X0. It is used to express the amplitude of the 

velocity or acceleration of vibration. Inter-peak Value is defined as 

the value that the signal receives from the maximum peak to the 

minimum peak. It usually refers to the displacement of vibration 

[5]. 

RMS (Root Mean Square) is the square root of the average of 

the squares of the values a signal receives at time intervals t1 and t2. 

The mean is the arithmetic mean of the value a signal receives 

over the time interval t1-t2. As mentioned earlier, the units of 

vibration amplitude values are; displacement, velocity, acceleration. 

Amplitude values can be transformed into each other [5]. 

Average = 0.637 x Peak  (2.1) 

Average = 0.9 x RMS       (2.2) 

Peak to Peak = 2 x Peak  (2.3) 

Peak = 1,414 x RMS  (2.4) 

Peak = 1.57 x Average  (2.5) 

RMS = 0.707 x Peak  (2.6) 

RMS = 1.11 x Average  (2.7) 

 

All these basic expressions form the basis of the vibration 

analysis foot of predictive maintenance and provide an 

understanding and analysis of the analysis. When measuring, 

electric motors, fans, pumps, compressors, such as rotating rotating 

at a certain speed in the system's own bodies and the sensors closest 

to the bearings are collected with the help of data [7]. 

Since taking measurements from all bearings on the machine 

will make the system complex and costly, only the term has been 

taken to take measurements with sensors from long and expensive 

bearings. 4 acceleration sensors are mounted on the roller bearings 

for monitoring 4 bearings in the system. The signals of the sensors 

are connected to the inputs on the plc for fast data input. 

The vibration spectra of the normal operation from the sensors 

are initially sampled and introduced to the system, then the system 

compares the average of the initial graph with the average of the 

spectral graph at run time. When the deviation from the standard 

average value reaches the threshold value in% entered on the 

screen, this is shown to the user as a warning and the user is able to 

see the spectral graphs of the start and the time of failure. The 

purpose of showing the spectral graphs to the user is that the fault is 

not always welded. In addition to bearing damage, coupling 

misalignment, belt tension problems can cause abnormalities in the 

spectrum graph. 

3. Detection of Sensor Failures  

A statistical display was designed using opc-ua program 

function blocks and io-link sensors to detect sensor and motor 

faults. The machine continuously compares the collected data with 

the threshold values. Easy detection and addressing of faults has 

minimized downtime due to failure and ensured end-user 

satisfaction. 

Conventional digital sensors produce zero or multiple signals 

for the situation. In order to design intelligent machines within the 

scope of Industry 4.0 transformation, it was felt that digital sensors 

should provide information to the user by creating additional data 

indicating the sensor operating status besides zero and one values. 

Thanks to the io-link communication protocol, sensors developed in 

this context have been able to transmit various data in addition to 

zero and one signals over the signal terminals. 

Various data is collected from optical, magnetic and inductive 

sensors which are used extensively on wet wipe machines and 

correction is made when the first signs of the failure are taken 

before a possible mechanical or electrical failure occurs. 

The biggest problem frequently encountered with optical 

sensors is the faulty signal condition caused by the accumulation of 

dust or dirt on the lenses of optical sensors. In addition to the digital 

signal, the reflective io-link optical sensors compare the intensity of 

the transmitted light with the intensity of the reflected light and 

send data to the plc about the lost light intensity. When the decrease 

in light intensity exceeds the set threshold value, the system 

displays a warning for the user and directs the user to check the 

status of the sensor. 

Similarly, magnetic and inductive sensors transmit numerical 

values about their distance from the metal or magnetic surface. The 

loosening of these sensors, often used to determine the reference 

position, and the loss of their original position, result in simple 

failures that take hours of detection. Taking a reading other than the 

standard reading distance heralds that the sensor loosened and often 

shifted from its position. In this case, the user is directed by the 

machine to the control of the respective sensor. 

4. Detection of Motor Failures 

Nowadays, as an extension of the Opc-ua protocol, there are 

advanced predictive maintenance program blocks for predictive 

maintenance, which reduces the load of the programmers and easily 

integrates the predictive maintenance software that most 

programmers are forced into. 

Prolonged detection of asynchronous motors for long periods of 

time without failures or possible failures is important. There are 

certain types of malfunctions. The faults encountered are those 

caused by specific reasons or working conditions. The reasons of 

the faults that we call as the specific faults of the motor depend on 

the behavior of mechanical and electrical forces inside the motor. 

An imbalance in the asynchronous motor results in instability of 

the stator windings and / or changes in the stator air gap. As a result, 

changes in the space harmonic distribution of the motor will occur. 

[7] 

Frequency inverter devices used in speed control of induction 

motors also monitor the motor insulation voltage and generate an 

output signal in case of change and inform the main controller. 

Figure 3.1 shows the possible failure types. [9] 

 

Fig 4.1 AC Motor Possible Errors. 
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In some cases, the motor does not have any problems, but the 

mechanical stresses in the system to which it is connected increase 

the temperature and current of the motor. In such cases, the current 

of the motor is continuously monitored in order to detect the fault 

before the system is locked or the thermal relay to which the motor 

is connected is tripped. It is difficult in most cases to determine that 

the motor current goes out of standard, because the motor draws 

current at different amperes due to the varying mechanical power 

requirement on the motor. In the newly developed inverter 

technologies, the motor current is sampled along with the voltage 

frequency and a power profile is created. 

As soon as the motor values which are out of standard behavior 

are determined as a result of these samples realized in the frequency 

inverter, a signal is sent to the main controller. Similarly, the drives 

of the servo motors continuously monitor the motor torque value, 

the current drawn by the motor and the vibration values taken from 

the encoder and inform the main controller. 

5. Determination of Air Leakes In Pneumatic

Circuit 

Preventing compressed air leaks is an important opportunity to 

save energy. Leaks often occur in safety valves, pipe and hose 

joints, throttle valves, start couplings and pneumatic elements. In 

many cases, leaks are caused by inadequate maintenance rather than 

inappropriate installation. If leakage can be sufficiently aware of the 

power wastage, leakage-related leakages can easily be recovered as 

energy savings. The figure 5.1. shows the approximate power 

values wasted by leaks caused by holes of different sizes when the 

normal operating pressure is 6 bar. [10] 

Fig 5.1 Power loss table 

In order to detect and address compressed air leaks, the method 

of measuring the pressure drop by trapping air into the circuit was 

used. In this method, when the machine is not operating but 

energized, the valves are programmed to be closed by the system 

and the pressure transmitters report the pressure drops in the air line 

until the machine moves again. The system is programmed to 

display a warning on the machine screen in case there is a decrease 

between the initial pressure value and the end pressure value 

measured by the sensors more than the threshold value entered into 

the system. These threshold values are determined as shown in 

Figure 5.2 in the relevant standards. [11] 

Fig 5.2  Acceptable Air Leakage standarts 

As can be seen from the figure, the values indicated in the 

standard indicate the volumetric losses. In the first trials, flow 

sensors were used instead of pressure transmitters, but these sensors 

were found to be nonfunctional at very small flow values. 

Mathematically, since the air volume trapped in the circuit is 

known, the pressure drop is converted from “dm3/h” to “mbar/h” 

6. Conclusion

Unplanned downtime in machines with large capacity 

productions such as wet wipes production imposes huge costs on 

enterprises. The companies with these lines want to use predictive 

maintenance methods in order to reduce unplanned downtime, but 

in most cases the fault detection systems that are required to be 

added to the machine later cannot work in full compliance or cannot 

be commissioned due to the difficulties of integration. In this study, 

an important part of the predictive maintenance methods reached by 

the current technology is included in the machine automation 

system. Predictive maintenance systems generate a large amount of 

data, storing the raw form of these data is a problem. After 

analyzing the data, the data is cleared from the memory and in case 

of problems, it is presented to the user in a statistics screen via a 

screen. In this way, the user is recovered in complexity and accesses 

only the filtered data he needs. At the end of this study, the 

efficiency of our wet wipe machines was increased thanks to 

industry 4.0 applications. 
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Abstract: New generation of digitized factories in Industry 4.0 is based on a combination of cyber-physical systems 

(CPS) and digital technologies, to provide an integrated and intelligent synergy in production process, linking the 

physical, digital and virtual world. Industry 4.0 uses production systems, CPS, CPPS, SCPS and robots in combination 

with digital technologies IoS, IoP, IoT, IIoT, IoE, CC and etc. The digital infrastructure of a country can be evaluated 

using different development indices, such as: IDI, EGDI, TII, OSI and etc. The paper is given of trend analyzes of 

development indices (DI) for using ICT and the Internet., EGDI and TII in Georgia for the period 2003 to 2018. 

 

Key words:  Industry 4.0, digital infrastructure, Internet infrastructure, ICT Development Index (IDI), e-Government 

Development Index (EGDI), Telecommunications Infrastructure Index (TII). 

 

1. Introduction 
 

Republic of Georgia is a Eurasia country in the 

Caucasus region, which is divided into 9 regions, 1 city and 

2 autonomous republics. These in turn are subdivided into 

67 districts and 12 self-governing cities. It borders with 

Russia in the north and northeast, Turkey and Armenia in 

the south and Azerbaijan in the southeast. In the west, it 

reaches the Black Sea shores of about 310 km. Georgia 

occupies an area of 69700 km² with 3904204 population 

(according to estimates for 2019). The country's main and 

largest city is Tbilisi, with over a million people. Major 

cities in Georgia are: Kutaiszi, Batumi, Rusztavi, with over 

a 100 thousand people and etc. 

Georgia is a member of the following 

international organizations: Council of Europe, 

Organization for Security and Co-operation in Europe 

(OSCE), EUROCONTROL, World Trade Organization 

(WTO), GUAM (Georgia, Ukraine, Azerbaijan and 

Moldova) Organization for Democracy and Economic 

Development, and is also a signatory to the NATO 

Partnership for Peace program and etc. 

Gross national income (GNI) of Georgia is 14.3 

billion US$ and GNI per capita is 3.760 US$ in 2017 

according to The World Bank (WB). Georgia's exports are 

over 2.7 billion US$, and imports are more than 7.9 billion 

US$ in 2017 according to The World Bank (WB). 

 

2. Industry 4.0 
 

Industry 4.0 (fourth industrial revolution) is a new 

generation of digitized factories that are based on a 

combination of cyber-physical systems (CPS) and digital 

technologies, to ensure the integrated and intelligent 

synergy of the manufacturing process, in which the 

physical, digital and virtual worlds are connected. 

Industry 4.0 is dominated by new intangible 

software and management technologies, compared to the 

material ones. 

Industry 4.0 uses manufacturing systems (FMS, 

RMS, IMS, AMS, CMS, RMS, SMS, CBMS, etc.), Cyber-

Physical Systems (CPS), Social-Cyber-Physical Systems 

(SCPS), Cyber-Physical Production Systems (CPPS), 

robots, control units (NC, CNC and DNC), controllers 

(PLC, PIDC, DMC, IMC, MFC, MPC, MRC, etc.) in 

combination with digital technologies: Internet of Services 

(IoS), Internet of People (IoP), Internet of Things (IoT), 

Industrial Internet of Things (IIoT), Internet of Everything 

(IoE), Cloud Computing (CC ) and etc. [1-4, 8-12, 19-21]. 

It also utilizes all standard technologies applied in 

Industry 3.0: software technologies (CAA, CAD, CAE, 

CAM, CAMA, CAP, CAPP, CAQ, CAR, CAS, CASE, 

CIM, PLM, etc.) and industrial software (SCADA, etc.), 

communication infrastructure, security system, digital 

industrial services, etc.), Big Data (BD), etc. Industry 4.0 

involves the complete digitization of all production 

processes and the implementation of the aforementioned 

digital technologies when creating an idea of a product, 

product engineering, manuacturing organization, 

manufacturing realization, process control and the 

provision of industrial services. Everything becomes digital 

and smart in it: digital cities, smart factories, smart homes, 

smart cars, smartphones, etc. 

Figure 1 shows an industry 4.0 workspace in which 

the research areas are categorized as smart: smart 

projecting and design, smart machines, smart monitoring, 

smart control, smart time scheduling, smart planning, etc. 

[21]. 

The authors of this paper analyze and research the 

application of the new industrial strategy Industry 4.0 in 

Georgia 7, 14-15. 

 

3. Digital infrastructure in Georgia 
 

For the successful implementation of the Industry 

4.0 concept of a country or region, its digital infrastructure 

is important. 

The digital infrastructure of a country can be 

evaluated using different development indices (DI), such 

as: IDI (ICT Development Index), EGDI (e-Government 

Development Index), TII (Telecommunications 

Infrastructure Index), OSI (Online Service Index) and etc. 

Accordnig to development indices (DI) can identify 

successful implementation of Information and 
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Communication Technologies (ICT) and digital 

infrastructure of a country or region, as one of the 

prerequisites for successful implementation of Industry 4.0. 

In papers [5-6, 13, 16] analyze some of the 

development indices (DI) in Serbia and Georgia. 

 

 
Figure 1:  Industry 4.0 framework [21] 

 

 

3.1. ICT and Internet infrastructure in Georgia 

 

In 2000 Georgia had only 20000 Internet users, 

while in December 2018 it had 2658311 Internet users, 

with penetration from 68.1 % population according to IWS 

(Internet World Stats) (URL: 

https://www.internetworldstats.com/). 

In December 2017 Georgia had 2100000 Facebook 

subscribers, with penetration from 53.8 % population 

according to IWS (Internet World Stats). 

Tables 1 and 2 are shown of ICT and Internet 

infrastructure indices in Georgia in 2008 and 2018. 

 

Table 1: Tabular view of ICT and Internet infrastructure 

indices in Georgia in 2008 [17] 

No ICT and Internet infrastructure indices 2008 

1. Internet per 100 users 7.49 

2. PC per 100 users 4.70 

3. Cellular Subscribers per 100 users 38.43 

4. Main Telephone Lines per 100 users 12.47 

5. Broadband per 100 users 0.61 

 

 

 

Table 2: Tabular view of ICT and Internet infrastructure 

indices in Georgia in 2018 [18] 

No ICT and Internet infrastructure indices 2018 

1. Fixed telephone subscritions per 100  21.24 

2. Mobile cellular telephone subscriptions 

per 100  

140.95 

3. Percentage of Individuals using the 

Internet 

58.01 

4. Fixed (wired) broadband subscriptions per 

100  

17.57 

5. Active mobilebroadband subscriptions per 

100 inhabitants 

64.03 

 

3.2. E-Government Development Index (EGDI) 

 

The EGDI (e-Government Development Index) is a 

composite index based on the weighted average of 

following three indices: Telecommunications Infrastructure 

Index (TII), Human Capital Index (HCI) and Online 

Service Index (OSI). The EGDI which assesses e-

government development at the national level [17-18]. 

The EGDI index is based on data collected and publication 

of United Nations E-Government Survey (UN-EGS) and 

analyzes the ranking of the 193 United Nations (UN) 

member states, from 2003. 
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The value of the EGDI index ranges from 0 to 1, and is 

divided into four quartiles: Low with a abbreviation LEGDI 

(EGDI values in the range of 0.00 to 0.25), Middle with a 

abbreviation MEGDI (EGDI values in the range of 0.25 to 

0.50), High with a abbreviation HEGDI (EGDI values in 

the range of 0.50 to 0.75) and Very-High with a 

abbreviation VHEGDI (EGDI values in the range of 0.75 to 

1.00). 

According to the 2018 data, there were 40 countries in the 

first VHEGDI category, 71 countries in the second HEGDI 

category, 66 countries in the third MEGDI category and 16 

countries in the fourth LEGDI category. 

Figure 2 shows the trend of the EGDI index in Georgia 

from 2003 to 2018. According to data from 2003 to 2018, 

according to the EGDI index, Georgia was largely in the 

HEGDI category. 
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Figure 2: Trend of the EGDI index in Georgia from 2003-2018 

 

3.3. Telecommunications Infrastructure Index (TII) 

 

The TII (Telecommunication Infrastructure Index) is a 

composite index based on the weighted average index of 

five primary indices based on basic infrastructural 

indicators, which define a country’s ICT infrastructure 

capacity [18-19]. 

The TII index is based on data collected and publication of 

International Telecommunications Union (ITU) and 

analyzes the ranking of the 193 United Nations (UN) 

member states. 

The TII index is an arithmetic average of five indicators 

[18-19]: 

 Internet users per 100 inhabitants; 

 number of main fixed telephone lines per 100 

inhabitants; 

 number of mobile subscribers per 100 inhabitants; 

 number of wireless broadband subscriptions per 100 

inhabitants and 

 number of fixed broadband subscriptions per 100 

inhabitants. 

Figure 3 shows the trend of the EGDI index in Georgia 

from 2003 to 2018. According to data from 2003 to 2018, 

according to the EGDI index, Georgia was largely in the 

HEGDI category. 
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Figure 3: Trend of the TII index in Georgia  

from 2010-2018 

 

4. Conclusion 

 

Development indices (DI) for Information and 

Communication Technologies (ICT) and Internet 

infrastructure in Georgia are on the constant growth. 

The EGDI index had an increase of 196.33 % in 2018 

compared to 2003. 

The TII index had an increase of 1407.00 % in 2018 

compared to 2010. This means that the implementation of 
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ICT and Internet infrastructure has increased many times 

over this period (from 2010 to 2018). 
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Abstract: The Industrial Predictive Analytics for Industry 4.0 is a system that predict and prevent machine failures and breakdown by 

analyzing time-series data (temperature, pressure, vibration etc.) received from sensors embedded in machines and equipment. The system 

can analyze machine parameters to identify patterns and predict breakdowns before they happen. The core of the proposed system is based 

on Artificial Neural Network approach (both Deep and Shallow Neural Networks). Artificial Intelligence and Artificial Neural Networks 

allow analyses the huge amounts of data collected from the manufacturing process and predict what will go wrong, and when. The proposed 

system works in the paradigm of Industry 4.0 and provides the abilities in the area of predictive maintenance. The Industrial Predictive 

Analytics for Industry 4.0 also contains a decision-making system and support system that significantly increases the level of maintenance. 

Keywords: INDUSTRY 4.0, SMART FACTORY, PREDICTIVE MAINTENANCE, ARTIFICIAL INTELLIGENCE 

 

1. Introduction 

The progress within the framework of the fourth industrial 

revolution “Industry 4.0” combined such elements as automation, 

exchange and analysis of industrial data, cyber physical systems, 

the industrial Internet of things, cloud computing etc. and lead 

production processes to a new level. 

The evolution of information technologies offers great 

opportunities in the area of industrial data analysis - collection, 

processing, analysis and visualization of large amount of 

heterogeneous data that to improve existing industrial information 

processing systems. Thus, embedded devices, such as different 

sensors, allows receive a valuable information about the usage of 

industrial equipment during the whole production cycle. This 

information play important role in the building of new business 

models and provide additional income from the new services such 

as for example, a life cycle contract for industrial equipment, 

contract manufacturing as a service, transportation as a service, 

safety as a service, and others. 

For the analysis of constantly increasing industrial data flows, 

new powerful data processing methods are needed. The evolution of 

Artificial Intelligence in general, and in particular, Artificial Neural 

Networks, makes it possible to design, develop and implement such 

systems that can successfully analyze huge data flows, provides 

extreme automation and, as a result, allows develop high quality 

industrial support approaches. 

The present-day industry involves the interconnection of a large 

number of various equipment, which require constant monitoring, 

maintenance and repairing. The concept of Industry 4.0 allows 

analyze data received from sensors installed in industrial equipment 

in order to detect a hardware and functional failure even before 

something serious has happened. Now there is an urgent need to 

switch from reactive maintenance (breakdown service while a 

machine can no longer function normally) or scheduled 

maintenance (that ignore an actual load specific machines and 

assemblies) to proactive and predictive maintenances. 

Artificial intelligence methods allow detect potential equipment 

problems at an early stage of a breakdown and eliminate them 

before minor defects lead to big problems - expensive equipment 

breakdown and stop the production process. In this way, the 

predictive analytics can provide answers not only to the questions 

such as “What happened?” or “Why did this happen?”, but also 

“What is likely to happen?” and “What can we do, to prevent this?”. 

Within the framework of the discussed problems, we developed 

the system “Predictive analytics for Industry 4.0” which based on 

the Artificial Neural Networks and monitors equipment condition 

and production processes in real time. 

The rest of the paper is structured as follows. Section 2 gives 

the theoretical aspects of Artificial Neural Networks 

implementations in the Industry 4.0 paradigm. Section 3 provides 

the experiment description and results. The final section concludes 

this paper. 

2. Artificial Intelligence for Industry 4.0 

2.1. Theory of Artificial Intelligence 

An Artificial Neural Network is a model built on the principle 

of the organization and functioning of biological neural networks 

(brain) and consists of several layers of computational elements - 

neurons. The main feature of artificial neural networks is their 

learning ability. ANNs are not programmed in the classical 

programming paradigm, but are learned. Learning ability is one of 

the main advantages of neural networks over traditional algorithms. 

Technically, training consists in finding the coefficients (called 

weights) of connections between neurons in different layers. In the 

learning process, a neural network is able to identify complex 

hidden relationships between input and output data. After the 

training phase, neural networks are capable of working with data, 

even if they are incomplete or noisy data. 

Today, there are many architectures of artificial neural 

networks. The wide variety of neural networks can be divided into 

two large groups – Shallow and Deep Neural Networks. 

Shallow neural network is a term used to describe artificial 

neural networks that usually have only one hidden (computational) 

layer as opposed to deep neural networks that have several hidden 

layers, often of various types. The classical example of shallow 

neural network is a Multilayer Perceptron (MLP) [1]. A MLP is a 

feedforward artificial neural network that consists of three layers 

(Fig.1) – input layer, hidden layer and output layer - and can solve 

accurately complex tasks. 

 

Fig. 1 Structure of a Shallow Neural Network 

Input layer send data to all the neurons in the Hidden 

(processing) layer. The number of neurons in the Input layer 

depends on the size of the input vector x1-xR. Hidden layer is a 

second layer of a neural network. It is the main layer that process 

the inputted data. The optimal number of neurons in the Hidden 

layer is usually determined experimentally. Output layer is a final 
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layer of neural network. It reflects the calculation results y1-yS. The 

weights iwN,R between input and hidden layers and hwS,N between 

hidden and output layers are configured at the training stage. 

The described architecture of ANN can be successfully used for 

solving such problem as pattern recognition, time-series forecasting, 

approximation, classification and many others. 

However, to solve modern technical problems the 

implementation of classical architecture of neural networks is no 

longer enough. They were replaced by Deep Neural Networks - are 

a class of neural networks that consists of large and complex hidden 

component between the input and output layers, giving them a 

greater ability to recognize patterns and process complex 

information than Shallow Neural Networks. Fig.2 demonstrates a 

classical structure of deep neural networks. 

 

 

Fig. 2 Structure of a Deep Neural Network 

To be considered a deep neural network, the structure must 

contain at least two hidden layers. The area of application of Deep 

Neural Networks includes (but not limited) image and video 

recognition, time-series analysis, forecasting and prediction, control 

etc. 

2.2. Predictive Analytics 

In our research, we used both Shallow and Deep Artificial 

Neural Networks for the forecasting of the industrial equipment 

parameters, such as temperature, vibration, pressure etc. Fig.3 

demonstrates the neural network training process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Stages of a neural network creation 

Data collection. Machine data (such parameters of equipment as 

vibration, temperature, pressure etc.) is streamed from the sensors to 

a central repository using communication protocols and gateways - 

this is the typical task for SCADA (Supervisory Control and Data 

Acquisition - is a control system architecture that uses computers, 

networked data communications and graphical user interfaces for 

high-level process supervisory management). However, SCADA 

only can show the current machine conditions. Fig.4 demonstrate 

the example of data from the turbine of JSC ”Lakokraska” [2].  

Fig. 4 Example of industrial data: temperature, pressure and vibration 

Neural network creation. Data structure defines the architecture 

of an artificial neural network that will be used to predict of 

machine parameters because received data can be incomplete, 

noisy, non-regular and multidimensional. 

Neural network training and testing. For the training of an ANN 

with the chosen architecture, we use historical data of the 

equipment that will be controlled. Of course, the quality, as well as 

the completeness of the data determines the quality of the training 

of neural network and the further forecasting of equipment 

parameters. 

 For the training of an artificial neural network all available 

historical data is divided into three subsets. The first subset is the 

training set, which is used for training and updating the network 

weights. To avoid the problem of overfitting the neural network and 

to early stop the learning process, a validation sample (the second 

subset) is used. The error on the validation set is monitored during 

the training process. When the network begins to overfit the data, 

the error on the validation set typically begins to rise. When the 

validation error increases for a specified number of iterations, the 

training is stopped, and the weights of an ANN at the minimum of 

the validation error are returned. The test set (the third subset) is not 

used during training, but it is used to better estimation the correct 

functioning of a trained neural network and to compare different 

models. In the classical scheme for division data into training, 

validation, and test sets, the relation 70%-10%-20% of the whole 

data amount is used correspondingly. Figure 5 shows the changing 

of neural network’s error value during the training process. 

Preprocessing data is another important step in the working of 

artificial neural networks. The goal of this stage is prepare raw 

industrial data in a format that the network can accept and analyze. 

For example, you can preprocess data to enhance desired features or 

reduce artifacts that can bias the network, as well as you can 

normalize or remove noise from input data. 

ANN working. After the training an artificial neural network 

can be used for the analyzing of the industrial data. In our study we 

learn neural network to predict the values of parameters to the given 

time horizon – (1 minutes, 5 minutes, 1 hour, etc.). The predicted 
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condition of the equipment will allow the technical staff to receive 

forecasted objective and precise data about the current and near 

future state of the production process and machine condition, which 

will allow quickly react to probably breakdown and schedule 

maintenance and servicing procedures. 

 

Fig. 5 Example of industrial data: temperature, pressure and vibration 

3. Experimental results 

The developed Predicted Analytics system for Industry 4.0 was 

tested on several real industrial environments and real data. The 

first implementation and was JSC “Lakokraska” [2]. The pilot 

project for the forecasting of parameters for turbine was developed 

and tested. The proposed system of Predictive Analytics received 

such data in real time as pressure, vibration and temperature, 

analyzed them and gave a forecast of the values of the observed 

parameters for 1, 5, 10 and 24 hours. 

Figure 6 shows historical data that was used for the training of 

feedforward shallow neural network [3]. 

 

Fig. 5 Industrial data JSC “Lakokraska” 

We used the feedforward neural network (Fig.1) with the 

following structure: 25 neurons in an input layer (it means that each 

time we input to an ANN the current value of the controlled 

parameter + 24 historical values); 50 neurons in a hidden layer; and 

4 neurons in an output layer (where the first neuron reflects the 

forecast results for 1 hour, the second neuron reflects the forecast 

for 5 hours, the third and fourth neurons reflect forecasts for 10 and 

14 hors correspondingly). 

After the training, we implemented this neural network for data 

analyzing and forecasting in real time. Figure 6 demonstrates some 

results of the quality for 1-hour forecast and Table 1 presents the 

results for all forecasting horizons. 

As can be seen, the Mean Absolute Percentage Error (MAPE) 

for 1-hour prediction is 0.27% for pressure, 0.25% for temperature, 

and 5.4% for vibration. MAPE - is a measure of prediction accuracy 

of a forecasting method and usually expresses accuracy as a 

percentage [4]. It defined by the formula (1): 
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where At is the actual value and Ft is the forecasted value. 

 

 

 

Fig. 6 Prediction results. The red line is real data, blue line – predicted 

values 

Table 1: Prediction error values for all time horizons. 

 
MAPE for each 

horizon, % 
Average MAPE, % 

Temperature (TZT103) 

1H:  0.48 

1.41 
5H:  1.29 

10H:  1.80 

24H:  2.06 

Pressure 
(PZT103) 

1H:  0.35 

0.72 
5H:  0.69 

10H:  0.88 

24H:  0.95 

Vibration 

(VT103) 

1H:  5.50 

5.82 
5H:  5.16 

10H:  6.55 

24H:  6.08 

We can see that proposed feedforward shallow neural network 

predict the controlled parameters for each time horizon very well, 

that confirmed by the values of MAPE. But, the prediction values of 

vibration are not so good compared to temperature and vibration. In 

our opinion, it occurs due to a sufficiently large time interval for the 

arrival of new portion of data (new value for one hour). All this 

leads to a “sawtooth” shape behavior of the vibration parameter, 

which is rather poorly predicted. Increasing the frequency of 

measurements will increase the quality of the forecast of the 

proposed feedforward shallow neural network. If this is not 

possible, it will achieved by selection a more complex architecture 

of neural network. 

The next example demonstrates the increasing of the quality 

prediction by the implementation of deep artificial neural networks. 

Both shallow neural network (in our case it is MLP) and deep 

neural network (Deep LSTM) was used to predict the bearing quota 

parameter for STS Machines (data was provided by Opera MES 

company [5]). Figure 7 demonstrates the prediction results from 

MLP and Figure 8 demonstrates the predictions form Deep LSTM 

[6, 7]. 

 

Fig. 7 Bearing parameter prediction results by MLP neural network 
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Long Short-Term Memory Neural Network (LSTM) is a unique 

type of Recurrent Neural Network capable of learning long-term 

dependencies. With comparison of feedforward neural networks, 

where signals go only in one direction – forward, LSTM has 

feedback connections. This ability allows LSTM networks show 

outstanding results in classification and prediction time series data. 

Fig. 8 Bearing parameter prediction results by Deep LSTM neural network 

As can be seen from presented results, the implementation of 

more difficult structure of ANN like a Deep LSTM allow to 

increase the quality and accuracy of predictions by 50%. 

4. Conclusions 

Industry 4.0 is the phase of the industrial revolution, involving 

advanced manufacturing techniques and the Internet of Things 

coming together to create a “smart factory.” The smart factory is 

where cyber-physical systems collaborate with each other and 

monitor physical processes of a factory to make decentralized 

decisions. It has led to significant reduction of downtime and 

wastage bringing in quality and efficiency in factory production. 

The Predictive Analytics is a big important part of Industry 4.0 

concept. 

In this paper we presented artificial neural network approach for 

forecasting the equipment parameters and control the conditions of 

industrial machines in the Industry 4.0 paradigm. The proposed 

Predictive Analytics system performs a real-time analysis of large 

data streams, built in the Industrial Internet of Things (IIoT) 

standard, allows industrial to be more proactive, make preemptive 

actions in the maintenance of industrial equipment and the optimize 

industrial processes. Implementation of this system will allow 

enterprises from different sectors of the economy and industry to 

obtain significant advantages, namely: 

- automate the process of monitoring and managing the 

equipment life cycle; 

- modeling of technological processes; 

- increase the efficiency of the use of production assets by 

reducing the number of unplanned downtime; 

- reduce maintenance costs by improving forecasting and 

preventing catastrophic equipment failures and identifying 

inefficient operations; 

- increase productivity; 

- increase energy efficiency and reduce operating costs. 

We demonstrated that the changing the architecture of artificial 

neural network from MLP to LSTM significantly increase the 

prediction accuracy. 

We implemented and tested our systems in real factories JSC 

“Lakokraska” and Opera MES. The developed system makes 

predictions on several time horizons, up to 24 hours, of important 

parameters of industrial equipment with great accuracy. 
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Abstract: All production processes in the world are implementing Industry 4.0 by using the basic technologies such as robotics & 

automation, intelligent sensors, 3D printers, radio frequency identification – RFID, cloud computing, Internet of Things and Internet of 

Services. Implementation of Industry 4.0 in all production processes is not possible without the use of both industrial and service robots, 

their development and implementation. In addition, there are other technologies on which the fourth industrial revolution is based that will 

provide us with intelligent devices, intelligent production processes, intelligent logistics in production processes, i.e. intelligent factories. 

The Cyber-Physical Systems (CPS) in the global environment provide machine networking in production processes and logistics systems. 

This paper provides an example of the use of service robots and their role in solving smart transport in production processes. 

 

Keywords: ROBOTICS, SERVICE ROBOTS, AUTOMATION, INDUSTRY 4.0, PRODUCTION PROCESSES, SMART 

TRANSPORT  

 

 

1. Introduction 

It is well known that the WEF - World Economic Forum (held 

in Davos in 2016) named the changes on the world industrial and 

digital scene the Fourth industrial revolution. The name ‘’Industry 

4.0’’ first appeared in 2011 at the Hanover Fair in Germany. In 

2016 World Economic Forum (Geneva, Switzerland) published a 

book by professor Klaus Schwab titled‘’The Fourth Industrial 

Revolution’’. Within the Fourth industrial revolution a new value 

chain is being formed that relies primarily on Cyber-Physical 

Systems (CPS), which is also the second name for the Internet of 

Things, and its associated service most commonly implemented in 

the cloud (Cloud Computing), as shown in Figure 1.[1,2,3,4,5,6] 

 

 
Fig. 1 The basic technologies of Industry 4.0  

will lead to the future 

 

Through discussion and analysis of the Industry 4.0, it is 

imperative to increase awareness of the inclusiveness and speed of 

the technological revolution and its multiple impact. It is necessary 

to create a framework for thinking about "Industry 4.0" that outlines 

key questions and highlights possible answers; in other words, a 

platform for achieving public-private cooperation and partnerships 

on emerging issues related to the technological revolution needs to 

be provided.  

 

There are over 90% of the first-generation industrial robots in 

the world, installed in all production processes, that need to 

beseparated by fences so as not to injure workers in the process [1]. 

The use and implementation of the Industry4.0 basic technologies 

has led us to the development of collaborative industrial robots and 

service robots (AGVs), which presents one of the most significant 

qualitative developments in the automation of transport operations, 

manufacturing, assembly lines, warehouses and other operations 

which require the transport of certain positions in the production 

process. It is necessary to enable interaction and collaboration with 

all researchers in the world dealing with the basic technologies and 

their implementation, to create a positive shift in the 

implementation of the Industry 4.0 in all segments of society, in 

order for society to benefit from the ongoing transformations 

2. The role of industrial robots in the Industry 4.0  

 
Industry 4.0, unlike previous revolutions, brings about changes 

in exponential function. There has been a major shift in innovation 

in biotechnology, robotics involving sensory and artificial 

intelligence, microbotics and nanomedicine, genetic engineering, 

new findings in quantum physics, and a series of other innovations 

that are radically changing mode and quality of life. All this is 

happening thanks to innovations in the Industry 4.0 [7,8,9]. Their 

trend in the automotive industry, companies,production processes 

and logistics is shown in Figure 2. 

 
Fig. 2 Patents and innovations in the Industry 4.0 in the automotive 

industry, companies,production processes and logistics for 
 the period 2000-2016 

 

Based on the trend of application of innovations in the 

mentioned areas of the Industry 4.0 for the period 2000-2016, we 

can see that the first place in the implementation and application of 

innovations in the above technologies is held by the automotive 

industry, followed by companies, and production processes. Their 

goal is to achieve flexible automation that would lead them to smart 

production process, which would enable companies to become more 

competitive in the global market in the world. The fourth place is 

held by the logistics, whose trend of applying innovative solutions 

will be more increasing in the future. It is visible that, for all four of 

these examples, the trend of implementing innovative solutions 

from Industry 4.0 in the period 2000 to 2016 is constantly growing, 

and it is expected that the upward trend will continue in the 
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future.Implementation of patents and innovations in robotics 

enables evolution and advancement of robots into second-

generation robots or collaborative robots (COBOs) that interact with 

the environment, understand the environment through models, 

automatically generate a program based on planned tasks, 

understand human actions and follow human social norms. The 

second-generation of robots has created new demands for 

productivity gains and outperformed first-generation industrial 

robots. There are many reasons for this: facilitating the 

programming and use of robots, improving the ability to manipulate 

(various tasks), reducing the size and cost of robots, robots work in 

a wide range of dynamic environments with humans. The 

challenges for the development of robotic technology, starting from 

the first-generation industrial robots to services robotics, or the most 

important technology for shaping the future ability of robots, lie in 

the direction of the three technical areas, as shown in Figure 3. 

[10,11]. 

 

 
Fig. 3 Significant advantages in shaping the capabilities of collaborative 

robots in comparison to the first-generation industrial robots 

 

The advantages of collaborative robots over first-generation robots 

are enormous, and given in the References [x]. When applying 

industrial second-generation robots (collaborative robots), 

companies have the following motives: reduced operating costs, 

reduced capital costs, improved product quality and consistency, 

improved quality work for workers, respecting health and safety 

rules, increased production rates, increased flexibility in product 

production, saving space, etc. 

 

3.Research Methodology 
 

 

The statistical data on the implementation of service robots 

were downloaded from the International Federation of Robotics 

(IFR), the UN Economic Commission for Europe (UNECE) and the 

Organization for Economic Co-operation and Development 

(OECD) [12-16].Standard statistical analysis methods and software 

system MS-Excel were used for the calculation of statistical 

descriptions parameter and graphical presentation of data. 

 

4.Results 
 

The second-generation robots have created new demands for 

productivity gains and outperformed first-generation industrial 

robots. There are many reasons for this: facilitating the 

programming and use of robots, improving the ability to manipulate 

(various tasks), reducing the size and cost of robots, robots work in 

a wide range of dynamic environments with humans.  

All mentioned technologies are responsible for the development 

of robot technology, thus initiating an enormous upward trend in the 

development of service robots for professional use, as shown in 

Figure 4. The analysis of the trend of implementation of service 

robots for logistics shows that until 2014 the implementation of 

these robots was negligible in the world, and in 2014 only about 

3.404 units of service robots for logistics were implemented. The 

growth trend has enormously increased, and in 2018 about 114.000 

units of logistics service robots have been implemented. 

 
a) service robots for professional use 

 
b) service robots for logistics 

 
Fig. 4 Annual implementation of service robots service robots for 

professional use and logistics in the world for the period 2008-2018 and the 

expected  implementation by 2022 

 

. The trend of application of service robots for logistics is a 

result of the aforementioned technologies on which Industry 4.0 is 

based and its implementation in production processes. The upward 

trend in the implementation of logistics service robots is expected in 

the coming years, and it is expected that in 2022 around 520.490 

units of logistics service robots will be implemented in the 

production processes. 

As we have already stated, the advantages of implementation of 

service robots into production processes are enormous [8,9,17,18]. 

Some of them are: 

 The ability to automate certain operations in the 

production process, so that tasks can be partially 

automated in cases where full automation is too complex 

or not cost-effective; 

 Reduction of capital costs, 

 Continuous improvement of product quality, 

 Improving the quality of work for employees, while 

respecting health and safety rules, 

 Increased production rate and profitability, 

 Increased flexibility during the production, 

 Reduction of material waste and increase of productivity, 

 Transformation of rigid automation into flexible 

automation, 

 Saving space in production areas, 

 Robots, both industrial and service, play the most 

important role in Industry 4.0 that connects the real-life 

factory with virtual reality, which opens up greater 

prospects for deployment in the global production, 

 Non-ergonomic workstations can be significantly 

improved with the help of robots, where we must keep in 

mind that worker safety is an absolute prerequisite, 

 Increased product diversity and reduced product lifecycle 

require flexible automation, which will result in increased 

use of collaborative robots, etc. 
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The goal of every company present in the global market today is 

to realize and obtain benefits that are gained by implementing next-

generation industrial and service robots. 

Lately, we are witnessing a trend toward increased data sharing, 

and automation of production processes by introducing industrial 

and service robots, smart sensors, the Internet of Things, etc. It may 

seem that Industry 4.0 only serves large companies with many 

facilities and departments stationed in different locations and 

perform large and complex operations in production processes. 

However, this is not the case, since small and medium-sized 

companies can also benefit from Industry 4.0. By using the 

technologies mentioned in this chapter, they can process and store 

data, and improve the design, production and delivering of their 

products more efficiently. Currently, small companies can compete 

with large companies in ways they never could before. Here are 

some of the many benefits that Industry 4.0 gives to companies: 

 Lower operating costs, 

 Improved business communication processes, 

 Increased productivity of companies, 

 Expanded access to the global economic market (broad 

customer base) 

 Provides companies of all sizes with greater outsourcing 

capabilities (external cooperation), 

 Improved collaboration between companies, departments, 

and individuals, thanks to the availability of new 

communication tools, 

 Advanced developments, such as blockchain technology, 

greatly increase the security of business and personal 

information. 

As we have seen, the advanced technologies such as robotics, 

IoT (Internet of Things), Cloud Computing, smart sensors, Radio 

Frequency Identification, Cyber-Physical Systems and Big Data, are 

crucial in the application of the Industry 4.0 concept, as they imply 

the complete digitization of all production processes, including the 

process of creating a product idea, product engineering, production 

organization, process control, and the provision of industrial 

services. 

 

Conclusion 
 

The Fourth industrial revolution ‘’Industry 4.0’’ is already 

present in all industry branches, fromproduction to selling finished 

products. The Fourth industrial revolution brings disruption to 

almost every industry in the world, as it has an impact greater than 

we think.The impact is reflected in all sectors and companies, large, 

medium-sized and small companies. Industry 4.0 relies on advances 

in the use and sharing of information, and has the potential to merge 

almost anything on the web, thus drastically improving the 

efficiency of the company's business. This paper presents a growing 

trend in the use of personal service robots and service robots for 

logistics, which happens by an exponential function. Service robots 

for logistics are mostly applied in production processes and 

warehouses of companies. Applications for fully autonomous 

service robots for logistics have been developed,which enabled 

implementation of smart transport in production processes and 

warehouses of companies. 
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ABSTRACT: Production starts with supply of raw materials and cutting of this input to the desired dimensions in order to be taken to the 

production line. Sawing machines used to bring the raw material to the desired dimensions in the industrial manufacturing companies are of 

great importance and maintain the identity of being the indispensable machine tool of almost all the enterprises' machine parks. Considering 

the transition to Industry 4.0 in next 10-15 years, Turkey, which has a significant market share in the production of sawing machines, still 

needs to be sustainable export to countries like EU Countries and the United States which have the highest level of preparation for Industry 

4.0  is directly related to meeting the expectations of these countries. In this study, for both of to raise the level of preparedness and to 

increase the export potential of Turkey, it is aimed to determine which criteria should be taken as basis in the development of saw machines 

capable of meeting industry 4.0 requirements. As a result of the evaluation, to meet Industry 4.0 requirements it have been come fore to meet 

the needs such as adaptation of processing and cutting conditions with barcode data, optimization of cutting conditions by data analysis, 

remote monitoring and control by communication with desktop and mobile devices, real-time tracking for predictive maintenance and apply 

maintenance plan in concept of dark factories. 

KEY WORDS: MANUFACTURING, SAWING MACHINES, INDUSTRY 4.0, CRITERIA OF INDUSTRY 4.0 

 

1. INTRODUCTION 
Since the first Industrial Revolution, subsequent revolutions have 

resulted in manufacturing, from water and steam powered machines 

to electrical and digital automated production which makes 

manufacturing process more complicated, automatic and sustainable 

so that people can operate machines simply, efficiently and 

persistently [1]. “The term Industry 4.0 stands for the fourth 

industrial revolution which is defines as a new level of organization 

and control over the entire value chain of the life cycle of products, 

it is geared towards increasingly individualized customer 

requirements [2]. The central objective of Industry 4.0 is fulfilling 

individual customer needs which affects areas like order 

management, research and development, manufacturing 

commissioning, delivery up to the utilization and recycling of 

products [3]. The main difference between industry 4.0 and 

Computer Integrated Manufacturing (CIM) is the concern of the 

human role in production environment. Industry 4.0 has an 

important role of human worker in performing the production 

whereas CIM considered workerless production [4]. The Industry 

4.0 paradigm promotes the connection of physical items such as 

sensors, devices and enterprise assets, both to each other and to the 

Internet [5]. Designing and drafting methods in all disciplines 

should be reviewed and their suitability be checked for a modern, 

interdisciplinary approach model for product development and 

transferred to a common, integrated and interdisciplinary methods, 

process and IT solution [6]. The production process is divided into 

small value oriented units which shares information of the 

consecutive process steps only which helps in increasing flexibility 

and probably results in reduction of complexity of coordination [7]. 

In Industry 4.0, production meshes with ultra-modern information 

and communication technology. The driving force of this 

development is the rapidly increasing digitalization of the economy 

and society. Digitalization is permanently changing the way future 

production and processing are carried out : After steam machines, 

production lines, electronics and IT, now intelligent factories (the 

"smart factories") shape the fourth Industrial Revolution (Fig 1) [8]. 

 
Figure 1.  The four stages of industrial development [8]. 
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The manufacturing industries are currently changing from mass 

production to customized production.  The rapid advancements in 

manufacturing technologies and applications in the industries help 

in increasing productivity. Industry 4.0 concerns the strict 

integration of human in the manufacturing process so as to have 

continuous improvement and focus on value adding activities and 

avoiding wastes.  Sawing machines are used in almost all plants. A 

failure of these machines directly affects the entire factory line. For 

this reason, sawing machines have great importance in the 

manufacturing.  In this study, it is aimed to determine which criteria 

should be taken as basis in the development of saw machines 

capable of meeting industry 4.0. 

 

2. INDUSTRY 4.0  

 

2.1. Components 
Although “Industry 4.0” is the common term referring to the fourth 

industrial revolution, academics still struggle to properly define the 

approach. This makes it even harder to distinguish the main 

components of such an approach. Cyber-Physical Systems, Internet 

of Things, Smart Factory, and Internet of Services are the most 

common four terms cited in academic research publications related 

to the industry [9]: 

 Cyber-Physical Systems: A cyber-physical system aims at 

the integration of computation and physical processes. 

This means that computers and networks are able to 

monitor the physical process of manufacturing at a certain 

process. The development of such a system consists of 

three phases  which are “Identification, The Integration of 

Sensors and Actuator, The Development of Sensors and 

Actuators”.  

 The Internet of Things (IoT): The IoT is what enables 

objects and machines such as mobile phones and sensors 

to “communicate” with each other as well as human 

beings to work out solutions. The integration of such 

technology allows objects to work and solve problems 

independently.  

 The Internet of Services (IoS): The IoS aims at creating a 

wrapper that simplifies all connected devices to make the 

most out of them by simplifying the process. It is the 

customer’s gateway to the manufacturer.  

 Smart Factory: Smart Factories are a key feature of 

Industry 4.0. A smart factory adopts a so called Calm-

system. A calm system is a system that is able to deal 

with both the physical world as well as the virtual. Such 

systems are called “background systems” and in a way 

operate behind the scene. A calm system is aware of the 

surrounding environment and the objects around it. The 

Smart Factory can be defined as a factory where CPS 

communicate over the IoT and assist people and machines 

in the execution of their tasks. 

 

2.1. Design Principles 
The design principles allow manufacturers to investigate a potential 

transformation to Industry 4.0 technologies. Based on the 

components above, the following are the design principles [9]: 

 

 Interoperability: Objects, machines and people need to be 

able to communicate through the Internet of Things and 

the Internet of People. This is the most essential principle 

that truly makes a factory a smart one. 

 Virtualization: CPSs must be able to simulate and create a 

virtual copy of the real world. CPSs must also be able to 

monitor objects existing in the surrounding environment. 

Simply put, there must be a virtual copy of everything. 

 Decentralization: The ability of CPSs to work 

independently. This gives room for customized products 

and problem solving. This also creates a more flexible 

environment for production. In cases of failure or having 

conflicting goals, the issue is delegated to a higher level. 

However, even with such technologies implemented, the 

need for quality assurance remains a necessity on the 

entire process. 

 Real-Time Capability: A smart factory needs to be able to 

collect real time data, store or analyze it, and make 

decisions according to new findings. This is not only 

limited to market research but also to internal processes 

such as the failure of a machine in production line. Smart 

objects must be able to identify the defect and re-delegate 

tasks to other operating machines. This also contributes 

greatly to the flexibility and the optimization of 

production. 

 Service-Orientation: Production must be customer-

oriented. People and smart objects/devices must be able to 

connect efficiently through the Internet of Services to 

create products based on the customer’s specifications. 

This is where the Internet of Services becomes essential. 

 Modularity: In a dynamic market, a Smart Factory’s 

ability to adapt to a new market is essential. In a typical 

case, it would probably take a week for an average 

company to study the market and change its production 

accordingly. On the other hand, smart factories must be 

able to adapt fast and smoothly to seasonal changes and 

market trends. 

 

2.3. Advantages  
The advantages of Industry 4.0 are given below: 

 Optimization: Optimizing production is a key advantage 

to Industry 4.0. A Smart Factory containing hundreds or 

even thousands of Smart Devices that are able to self-

optimize production will lead to an almost zero down 

time in production.  

 Customization: Creating a flexible market that is 

customer-oriented will help meet the population’s needs 

fast and smoothly. It will also destroy the gap between the 

manufacturer and the customer. Communication will take 

place between both directly.  

 Pushing Research: The adoption of Industry 4.0 

technologies will push research in various fields such as 

IT security and will have its effect on the education in 

particular. A new industry will require a new set of skills. 

 

3. BASIC REQUIREMENTS AND ACTIONS FOR 

ADAPTING BAND SAW MACHINES TO 

INDUSTRY 4.0 

 

3.1. Band Saw Machines 
 Band saw machines (Fig 2) are saws that consist of a 

continuous metal band (called the band saw blade) that 

rides on two wheels rotating in the same plane. A band 

saw machine contains a round and serrated blade, and can 

be used to process wood, metal and various other 

materials. Depending upon the lateral flexibility and the 

width of the band, a band saw machine can be used for 

straight, irregular or curved shape cuts. 

 

 In a band saw, work pieces are fed into the cutting edge of 

the machine. The band saw machine cuts by drawing a 

continuous metal band across the work piece. The band 

saw blade is supported and driven by a drive wheel and an    

idler wheel. 
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Figure 2. Band Saw Machine [10] 

 

 

3.2. Basic Requirements 
 Sawing machines are used in almost all plants. A failure 

of these machines directly affects the entire factory line. 

For this reason, sawing machines have great importance. 

Within the scope of the project, a new generation sawing 

machine design and prototype production which will meet 

the requirements of Industry 4.0.   For this purpose; 

 Read the barcode on the material and adapt to system the 

cutting parameters without additional data entry, 

 Communicate with desktop and mobile devices, 

monitoring and control can be done remotely, 

 Developed by data analysis to ensure the optimization of 

cutting tool life and cutting conditions, 

 With intelligent sensors for predictive maintenance and 

real-time monitoring. 

 

 High efficiency sawing machine will be planned with the 

above features. 

 

3.3. Actions for Adapting Saw Machines to Industry 

4.0 
 Considering the Industry 4.0 criteria, the following 

features will be integrated into the system: 

 

 Barcode System: A barcode is an optical machine-

readable representation of data which is capable of 

presenting certain data of the products while a barcode 

system is a network of hardware and software, mostly 

consisting of mobile computers, printers, handheld 

scanners, infrastructure, and supporting software. Barcode 

systems are used to automate the process of data 

collection where traditional hand recording is neither time 

consuming or cost effective. 

  

 Data Analysis: Database will be created for different 

material types and sizes of cutting speeds. When creating 

the database, the optimum speed of the sawing blade 

manufacturer will be based.  According to the data that 

will be received from the barcode device, searching and 

matching will be made in data base. At the end of these 

operations, the speeds will be calculated automatically 

and sent to the system. 

 

 Remote Control: Intelligent control and automation 

systems to integrated machines, remote access provides 

many advantages, such as resolving faults in a short time, 

reducing service costs, tracking of machine data. Access 

to the machine from mobile and desktop devices will be 

possible. Wireless Local Area Network protocol will be 

used for communication.  HMI remote viewer program 

will be used for communication between machine and 

devices. It is an application developed by Omron for iOS 

and Android smartphones. This application can be used 

on iPhone and iPad devices, phones and tablets with 

Android version 4.2 or higher (provided  that it is 7 ve or 

higher). The app is available for download from iTunes or 

the Google Play Store.  

IP and VNC settings must be configure via Sysmac 

Studio. Sysmac Studio is part of the Omron automation 

platform, which is an integrated development environment 

that provides complete machine control (Fig 3 and Fig 4). 

 

Predictive Maintenance: The goal of predictive 

maintenance is the ability to first predict when equipment 

failure could occur (based on certain factors), followed by 

preventing the failure through regularly scheduled and 

corrective maintenance.  In this way, machine and 

production line efficiency will be at maximum level (Fig 

5). 
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Figure 3. IP Settings 

 

 
 

Figure 4. VNC Settings 
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Figure 5. Predictive Maintenance Diagram 

4. RESULT

Industry 4.0 is definitely a revolutionary approach to manufacturing 

techniques. The concept will push global manufacturers to a new 

level of optimization and productivity. Not only that, but customers 

will also enjoy a new level of personally customized products that 

may have never been available before. However, there are still 

many challenges that need to be tackled systematically to ensure a 

smooth transition. In this study, it is aimed to determine which 

criteria should be taken as basis in the development of saw 

machines capable of meeting industry 4.0 requirements. As a result 

of the study, to meet Industry 4.0 requirements it have been come 

fore to meet the needs such as adaptation of processing and cutting 

conditions with; 

- Barcode data,

- Optimization of cutting conditions by data analysis,

- Remote monitoring and control by communication with

desktop and mobile devices,

- Real-time tracking for predictive maintenance and apply

maintenance plan in concept of dark factories.
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ABSTRACT 

In this paper, we design and simulate a 20 kW solar on grid power charging unit for electric vehicles at Al-Hussein Bin Talal University 

(AHU)/Maan-Jordan by using a Bluesol 3.0, Sketch Up 2018 software.  

Two scenarios are considered; one where number of vehicles is five in the interval (8 am – 12 pm) & five vehicles in the interval (12 pm - 4 

pm) and time of charge half of battery capacity four hours and the second scenarios where number of vehicles is eight in the interval (8 am -

12 pm) & eight vehicles in the interval (12 pm - 4 pm) and time of charge half of battery capacity four hours. We conclude that the system is 

efficient and very useful to the electric vehicles users in the university. In addition, the system is reducing the CO2 emissions annually from 

generating power by 28.4 tons of CO2.  

  

Keywords: Electric vehicles (EV), Photovoltaic cell (PV), Solar energy. 

 

INTRODUCTION 

Energy is a vital input in all sectors of any country's economy, until 

late 1980s, energy has been generated largely by burning coal, 

hydrocarbon oil and natural gas leading to huge carbon emissions 

[1].  

A solar PV source is one of the most interesting technologies 

among the other renewable energy sources, Photovoltaic (PV) 

panels, commonly called solar cells, are simply converters. When 

exposed to light, solar cells are capable of producing electricity 

without any harmful effect to the environment or device, meaning 

power can be generated for many years while requiring minimal 

maintenance and operational costs [2]. 

All-electric vehicles have no tailpipe emissions, which as a result 

improves air quality and lowers health risks; electric vehicles also 

help the nation reduce its reliance on foreign fossil fuels [3]. 

Electric vehicles are play an important role in reducing carbon 

emissions and creating a clean environment free from pollution.  

A photovoltaic system (PV) with photovoltaic solar panels to 

charge your electric vehicle (EV) or pure  electric vehicle (PEV) 

will reduce the pollutions produced by fossil fuel and nuclear-made 

electricity—common grid sources [4]. 

The integration of PV with the electric vehicle (EV) charging 

system has been on the rise due to several factors, namely 

continuous reduction in the price of PV modules, rapid growth in 

EV and concern over the effects of greenhouse gases [5]. 

An electric charging method for automobiles using photovoltaic 

cells is a project that aims to design and implement a reliable 

system to charge the vehicle using solar energy power sources [6]. 

This project based on charging electric cars from solar energy was 

carried out at Al-Hussein Bin Talal University (AHU)/Maan-

Jordan. 

The integration of Photovoltaic cell (PV) with the electric vehicle 

(EV) charging system has been on the rise due to several factors, 

namely continuous reduction in the price of PV modules, rapid 

growth in EV and concern over the effects of greenhouse gases [5].       

The system is designed to charge the electric vehicle using 

photovoltaic cells and as a parking for these vehicles. The system 

lies in center of the university and serving the employers of the 

university, it is very effective area in the university, too many cars 

park in there and it is near to the source of power of a grid. 

 

IRRADIATION IN JORDAN 

Jordan considered from the best countries in solar energy, 

especially Maan city, because this city has the best irradiations in 

its latitude, figure (1) shows the average annual global and direct 

irradiation in kWh per square meter. 

 

 
Figure (1): Average annual global horizontal (AAGHI, BLACK) and direct normal (AADNI, WHITE) irradiation in kWh/m² of the 

EnerMENA stations. [7] 

 

So we said that Maan city has the best irradiations as shown in figure (1) above, so figure (2) shows the solar GIS site study for Jordan and 

the annual irradiation in different areas of the countries. For years of 1999-2015. 
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Figure (2): The direct normal irradiation from the solar GIS web. [8] 

 

SYSTEM DESCRIPTION 

The project data are reported below and relate to the customer, the installation site, the data on the electricity supply and the presence or 

absence of objects shading. 

 

Table (1): The installation site data of the project 

Installation site 

Location AHU-Maan 

Address 30.2666141,35.680545 

Latitude 30.27º 

Longitude 35.68º 

Altitude 1100 m 

Maximum temperature 45.00 ºC 

Minimum temperature -5.00 ºC 

Global irradiation on a 

horizontal plane 
6.03 kWh/m² 

Irradiance data Royal Scientific Society (RSS) 

Albedo 20% 

 

 
Figure (3): Location and temperature selection [9] 

 

The characteristics of the system is summarize below, in particular in Figure (4) shows the electrical diagram single-wire of system. 

The photovoltaic generator consists of (66 PV Modules) as shown in figure (4): 
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 Two strings of 17 modules connected in series. 

 Two strings of 16 modules connected in series. 

The group of conversion formed by one inverter Three-phase. 

 
Figure (4): Electrical diagram single-wire of a system. 

 

The photovoltaic system of nominal power 21.78 kW will be 

located at Al-Hussein Bin Talal University/ Maan and will be 

connected to the electrical distribution grid in Low voltage Three-

phase alternating current a 400V the responsibility of the grid 

operator. The nominal power of a photovoltaic system is intended 

as the sum of the nominal power of each module measured at 

standard test conditions (STC). 

 

Table (2): Electrical characteristics of the photovoltaic 

generator 

Electrical characteristics of the photovoltaic generator 

Nominal power 21.78 kWp 

Number of PV modules 66 

Intercepting surface 128.04 m² 

Number of strings 4 

Maximum voltage @STC (Voc) 797.3 V 

Voltage at maximum power @STC (Vmp) 642.6 V 

Short circuit current @STC (Isc) 36.56 A 

Current at maximum power @STC (Imp) 34.96 A 
 

The photovoltaic system will be connect to a user system served by 

an electrical supply having the following characteristics: 

Table (3): Electricity supply 

Electricity supply 

Grid operator EDCO 

Nominal voltage 400 V 

Available power 20.00 Kw 

 

The project data are reported below and relate to the customer, the 

installation site, the data on the electricity supply and the presence 

or absence of objects shading. 

In the case of the plant in question, the photovoltaic generator 

presents a single exposure (tilt angle, and azimuth angle equal for 

all PV modules), namely 

 Azimuth : - 21° as shown in figure (4). 

 Tilt: 10° as shown in figure (5). 

 

 

 

          
Figure (5): Azimuth and tilt angles 
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Figure (6): Azimuth angle. [10] 

 

 
Figure (7): Tilt angle (sketch-up). 

 

The photovoltaic generator of the nominal power of 21.78 kW uses the series-parallel configuration and will be divide into four strings of 

modules connected in series. The following lists the compositions of the strings of the system. 

Table (4): String one. 

Electrical characteristics of the string one 

Number of PV modules in series 16 

Manufacturer Jinko Solar Co., Ltd. 

Model JKM 330W 

Nominal power 5.28 kW 

Open circuit voltage (Voc) 750.4 V 

Short circuit current (Isc) 9.14 A 

Current at maximum power (Imp) 8.74 A 
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Figure (8): Strings of 16 modules connected in series. (Leap Frog). 

 

Table (5): String two 

Electrical characteristics of the strings two 

Number of PV modules in series 17 

Manufacturer Jinko Solar Co., Ltd. 

Model JKM 330W 

Nominal power 5.61 kW 

Open circuit voltage (Voc) 797.3 V 

Short circuit current (Isc) 9.14 A 

Current at maximum power (Imp) 8.74 A 

 

 
Figure (9): Strings of 17 modules connected in series (Leap Frog) 

 

Table (6): Construction data of the modulus. 

Construction data of the modules 

Manufacturer Jinko Solar Co., Ltd. 

Model JKM 330W 

Tecnology Si-Poly 

Nominal power 330.00 W 

Tollerance 3.00% 

Open Circuit Voltage (Voc) 46.90 V 

Voltage at Maximum Power (Vmp) 37.80 V 

Short Circuit Current (Isc) 9.14 A 

Current at Maximum Power (Imp) 8.74 A 

Area 1.94 m² 

Efficiency 17% 

 

 

SYSTEM DESIGN PROCEDURE: 

1. We calculate the AC system capacity by dividing the average monthly consumption over the number (180 solar hour/month), 

which came from the average peak sun hours in Maan multiply by 30 days.  

In our case, we assume the AC capacity is 20 KW depending on the available area. 

2. We calculate the DC system capacity with oversize (DC over AC) by 10% factor of safety: 

DC capacity = AC capacity * 1.1 = 20 * 1.1 = 22 KWp 

Approximate number of panels = DC capacity / Power of the panel = 22000w/330w = 66 

3. Sizing the strings of the inverter by using ABB String Sizing Tool [10]: 

Depending on parameters such as  

 Maximum and minimum temperature 

 Location 

 PV model 

 Number of panels 

 Invertor model 

 Mounting method selection. 
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Figure (10): System design 

 

PRELIMINARY CALCULATIONS 

Considering the monthly average daily irradiation and the number of days, which make up the twelve months of the year, you can determine 

the value of the annual global irradiation on a horizontal surface for the location of Maan. This value is equal to [6.03 kWh/m²], table (8) 

 

 
Figure (11): Monthly average irradiance on horizontal plane 

  

Table (8): Irradiations in Maan city (2011-2015) 

Month 

Diffuse 

daily 

[kWh/m²] 

Direct 

daily 

[kWh/m²] 

Global 

daily 

[kWh/m²] 

January 1.16 2.47 3.63 

February 1.39 3.29 4.68 

March 1.63 3.93 5.56 

April 2.15 5.07 7.22 

May 2.24 5.58 7.82 

June 1.66 6.84 8.50 

July 1.39 6.94 8.33 

August 1.35 6.30 7.65 

September 1.42 5.05 6.47 

October 1.39 3.76 5.15 

November 1.24 2.68 3.92 

December 1.01 2.48 3.49 

Yearly 1.50 4.53 6.03 
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The procedure for the calculation of the energy produced by the system takes into account the nominal power (21.78 kW), the tilt angle is 

(10°) and the azimuth angle is (- 21°) of the PV generator, the losses on the PV generator (resistive losses, losses due to difference in 

temperature of the modules, for reflection and for mismatching between strings), the efficiency of the inverter as well as the coefficient 

reflectance of the ground in front of the modules (20%). 

Therefore, the energy produced by the system on an annual basis (Ep) is calculated as follows: 

 
Where: 

 Pnom = Nominal power of system: 21.78 kW 

 Irr = Annual irradiation on the surface of the modules: 2309.00 kWh/m² 

 Losses = Power losses: 12.36 % 

 

The power losses are due to various factors. The table below lists these loss factors and their values assumed by the procedure for the 

calculation of system producibility. 

 

Table (9): Losses of the system 

Losses 

Temperature losses 3.00 % 

Mismatching losses 2.00 % 

Resistive losses 4.00 % 

Losses for DC/AC conversion 2.00 % 

Other losses 2.00 % 

Shading losses 0.00 % 

Total losses 12.36 % 

 

The figure below shows the trend of monthly production of energy expected during the year. 

 

 
Figure (12): The monthly production of expected during the year. (Bluesol 3.0) 

 

If we compare the total generation monthly with the total consumption of the cars. However four hours intervals (8AM-12PM and 12PM-

4PM) to charge a car of Nissan leaf 2014/2015 half of the battery capacity. 

The battery capacity of this model of cars is 24 kWh, but the actual is 20 kWh to charge it fully. So the half of battery capacity is 10 kWh. 

We considered 22 days of a month is the actual system consumption according to the official time of the university.  

Hence …  

50% * 20 kWh = 10 kWh 

10 kWh * 22 days = 1100 kWh 

1100 KWh is the consumption in interval of 4 hours, and 2200 kWh is the total consumption in the both intervals.  

 

RESULTS: 

1. First scenario: 

Number of cars: 5 cars in the interval (8AM-12PM) & 5 cars in the interval (12PM-4PM) 

Type of car: Nissan Leaf 2014/2015 

Time to charge half of battery capacity: 4 Hours 
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Table (10): Total generation and total consumption of the first scenario 

Difference 
Total Consumption 

(kWh) 
12PM-4PM 8AM-12PM 

Total Generation 

(KWh) 
Months 

285 2200 1100 1100 2485 1 

592 2200 1100 1100 2792 2 

1307 2200 1100 1100 3507 3 

2031 2200 1100 1100 4231 4 

2398 2200 1100 1100 4598 5 

2561 2200 1100 1100 4761 6 

2651 2200 1100 1100 4851 7 

2381 2200 1100 1100 4581 8 

1702 2200 1100 1100 3902 9 

1157 2200 1100 1100 3357 10 

368 2200 1100 1100 2568 11 

238 2200 1100 1100 2438 12 

17671 

 

 
Figure (13): Total generation and total consumption of the first scenario 

 

2. Second scenario: 

Number of cars: 8 cars in the interval (8AM-12PM) & 8 cars in the interval (12PM-4PM) 

Type of car: Nissan Leaf 2014/2015 

Time to charge half of battery capacity: 4 Hours 

 

Table (11): Total generation and total consumption of the second scenario 

Difference Total Consumption 

(KWh) 
12PM-4PM 8AM-12PM 

Total Generation 

(KWh) 
Months 

-1035 3520 1760 1760 2485 1 

-728 3520 1760 1760 2792 2 

-13 3520 1760 1760 3507 3 

711 3520 1760 1760 4231 4 

1078 3520 1760 1760 4598 5 

1241 3520 1760 1760 4761 6 

1331 3520 1760 1760 4851 7 

1061 3520 1760 1760 4581 8 

382 3520 1760 1760 3902 9 

-163 3520 1760 1760 3357 10 

-952 3520 1760 1760 2568 11 

-1082 3520 1760 1760 2438 12 

1831 
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Figure (14): Total generation and total consumption of the second scenario 

 

The amount of CO2 avoided. 

CO2 factor indicates the amount of CO2 emitted annually per kWh, resulting from generation of energy sources in the country and measured 

in (Kg CO2 /KWh), and it is equal to 0.643[11]. 

To calculate the value of reduction in CO2 emissions we need to know the power of the system annually (44071 kWh). 

Hence … 

Reduction in CO2 (Kg CO2) = power of the system annually * CO2 factor. 

                                                = 44071 * 0.643 

                                                = 28337.65 Kg CO2 

                                                = 28.4 tons of CO2 

 

Economic Analysis: 

In economic analysis, the currency in all the economic calculation is in JOD. The system financing considerations for 25 years. The 

economic analysis are mentioned in table (12) 

 

Table (12): Total cost of the project 

Item Type Manufacturer 
Country 

of Origin 
Description Warranty Quantity 

 

Price 

JOD 

1 PV Panels 
 

China 330w 

10 Years 

Warranty 

25 Years 

Performance 

Warranty 

66 5227 

2 Inverter 
 

 

Italy 

 

TRIO 20 TL-

OUTD-S2F 

5 Years 

Warranty 
1 2500 

3 MCB 

 

France 

 

40A 

 

1 Years 

Warranty 
2 50 

4 RCCB 

 

France 
400A, 

300mA 

1 Years 

Warranty 

 

1 25 

5 

Cables 

DC 

  
Spain 1X4mm 

 

2 Years 

Warranty 

96 40 

6 
Cables 

AC 

 

Turkey 5X16 mm 

 

2 Years 

Warranty 

33 

 

115 

 

7 
Earthen 

cable 
 

Turkey 
1X4 mm 

Cu Rod 

2 Years 

Warranty 
10 2.5 

8 
Earthen 

kit 
- - - 

2 Years 

Warranty 
1 30 

9 

 

Steel 

Structure 

 
 

Jordan 
Galvanized 

Steel 

5 Years 

Warranty 

Complete 

Set 
3049 
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10 
Charging 

Points 
 

Jordan 

Steel 

Charging 

Panel 

5 years 

Warranty 
12 300 

11 
Cable 

Tray 
- Jordan - - 30 600 

12 Trans - Jordan - - 3 60 

13 
Man  

power 
- Jordan - - 3 700 

 

The total cost of the project is about 12698 Jordan Dinner (JOD) = 17884.51 $. 

 

CONCLUSION 

The following is noted in solar on grid power charging unit for 

electric vehicles at Al-Hussein Bin Talal University (AHU)/Maan-

Jordan in terms of environmental and economic analysis: 

 It is clear that Maan is the best choice for the 

implementation of the solar power (the value of the 

annual global irradiation on a horizontal surface for the 

location of Maan. This value is equal to [6.03 kWh/m²] 

 The system is reducing the CO2 emissions annually from 

generating power by 28.4 tons of CO2 

 

REFERENCES 
[1] Hani A. AL-Rawashdeh, Ahmad O. Hasan, Riad A., Ahmad. 

Evaluation the Wind Turbines Farm in the Town of Tafila / Jordan. 

International Journal of Development Research, 2018, 6(2), pp. 

23218-23224. 

[2] Abdul Rauf B, Zainal S., Photovoltaic (PV) Charging of 

Electric Vehicle (EV). Electrical Engineering Research Colloquium 

for Electronics, Power, Instrumentation & Control and 

Communication (EERC-2013), pp. 102-103. 

[3] Jessica R, Gary B, Wendy G, Chad J, Larry E., Business 

Models for Solar Powered Charging Stations to 

Develop Infrastructure for Electric Vehicles. Sustainability, 2014, 

6, pp. 7358-7387. 

 

[4] Sergio V, V., Carolina S, B., and Demetrio L, S., Feasibility of 

Recharging Electric Vehicles with Photovoltaic Solar Panels. 

Energy Science and Technology, 2013, 8(10), pp. 24-30. 

[5] Abdul Rauf B, Zainal S, Mohd J, Kong Y., A Comprehensive 

Overview of Electric Vehicle Charging using Renewable Energy. 

International Journal of Power Electronics and Drive System, 2016; 

7(1), pp. 114-123. 

[6] Latha M, Stafford M, Apoorva K, S., Pooja S, K., Prafulla P, S., 

Sharvani B C., Electric Vehicle Charging Method for Automobiles 

Using Photovoltaic Cells. International Journal of Engineering and 

Innovative Technology, 2014; 3(11), pp. 128-132. 

[7] 

http://elib.dlr.de/98977/1/SolarPACES15_enerMENAposter_final.

pdf 

[8] https://solargis.com/maps-and-gis-data/download/jordan 

[9] http://tools.solmetric.com/Tools/roofazimuthtool 

[10] http://stringtool.power-one.com 

[11] https://ecometrica.com/assets/Electricity-specific-emission-

factors-for-grid-electricity.pdf 

 

 

INDUSTRY 4.0 2019, WINTER SESSION

199

https://solargis.com/maps-and-gis-data/download/jordan/
http://tools.solmetric.com/Tools/roofazimuthtool
http://stringtool.power-one.com/
https://ecometrica.com/assets/Electricity-specific-emission-factors-for-grid-electricity.pdf
https://ecometrica.com/assets/Electricity-specific-emission-factors-for-grid-electricity.pdf


 

IEC 61499 BASED CONTROL OF CYBER-PHYSICAL SYSTEMS  
 

Prof. Dr. Batchkova I. A., Eng. Belev Y.A., Eng. Tzakova D. L. 

Dept. of Industrial Automation, University of Chemical Technology and Metallurgy 

Bul. Kl. Ohridski 8, Sofia, Bulgaria 

idilia@uctm.edu, yordanbelev@gmail.com, dtzakova@gmail.com   

 

Abstract: Monitoring and control of Cyber-Physical Systems (CPS) have many challenges related to the heterogeneous environment, the 

high degree of interaction between the components and the high requirements for functionality and scale. The paper presents an analysis of 

the state of the art in this area and proposes and analyses different combined approaches for control of CPS based on IEC-61499 standard. 

The approaches are divided in two groups. The first group of approaches combines IEC-61499 standard with advanced methods of software 

engineering, such as formal methods and model-driven development, based on UML/SysML. The second group uses other standards as IEC-

61512 and PLCopen to be combined with IEC-61499 standard in order to improve the development lifecycle of cyber-physical systems.  
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1. Introduction 

The global competition between enterprises and the new 

production strategies adopted by enterprises require the need for a 

new type of information and control systems, characterized by a 

high degree of horizontal and vertical integration, as well as self-

organizing characteristics, in order to quickly adapt to changes and 

disturbances from the environment. Cyber-Physical Systems (CPS) 

is a very appropriate concept. They are physical and engineered 

systems whose operations are monitored, coordinated, controlled 

and integrated by a computing and communication core [1]. They 

are unique in that the components can be distributed both spatially 

and temporally, and include complex networks of feedback 

controllers and real time communication. The impact of CPS is 

revolutionary and pervasive as stated by CPS Public Working 

Group at NIST (National Institute of Standards and Technology) [2] 

as the development of these systems is related to the emergence of 

autonomous vehicles, smart grids, smart cities and homes, robots, 

smart medical devices, telemedicine, Internet of Things (IoT) etc. 

Some of the main nonfunctional properties distinguishing CPS are: 

real time, reconfigurability, scalability, context-awareness, 

interoperability, resilience and security. The synergy between cyber 

and physical systems can be both at the nano-level and also at the 

level of "system of systems". Still, however the science is owed to 

CPS; the lack of theoretical foundation and methodologies creates 

barriers that may hamper the adoption, commercialization, and 

market success of new CPS applications [3].  

To meet the challenges of modern enterprises, CPS must meet 

certain requirements, which can be summarized as follows: 

• The architecture of these systems must be decentralized, 

based on the knowledge product/resource; 

• Interactions between the elements of these systems must be 

abstract, generalized and flexible; 

• Control must be reactive and proactive; 

• Control must be self-organizing.  

An option to deal with these requirements is due to the rapid 

development of electronics, information and communication 

technologies, which has led to the emergence of a number of new 

technical tools and innovations such as: fieldbus, smart devices 

(with built-in microprocessors), fuzzy programmable controllers 

and more. Other way is the replacement of the centralized structure 

of information and control systems with the distributed ones, which 

has significantly greater advantages than the centralized ones. A 

natural reaction to these changes is also the IEC-61499 Standard for 

development of distributed systems for process measurement and 

control [4, 5]. 

One of the ways to tackle the challenges facing today's cyber-

physical systems, associated with achieving a high degree of 

interoperability, agility and reconfigurability, is the transition from 

a centralized architecture of information and control systems to a 

distributed one. Promising trend in this direction is the 

implementation of the IEC-61499 standard, offering reference 

architecture and models for development of distributed control 

systems. The main aim of the paper is to summarize and compare 

different approaches for development of IEC-61499 based cyber-

physical systems through their combination with other different 

approaches and advanced methods of software engineering. After 

the introduction a short analysis of control for CPS and IEC-61499 

standard is undertaken in part 2. In part 3 different combined 

approaches for IEC-61499 based control of CPS are presented and 

discussed. Finally some conclusions are done. 

2. Short analysis of CPS and IEC-61499 standard  

2.1. Control in CPS  

The structural and behavioral complexity of cyber-physical 

systems poses great challenges in terms of the methods and 

environments for their design and analysis. It is necessary to 

develop the theoretical foundations of CPS, as well as to create 

software platforms with appropriately defined levels of abstraction, 

architecture, languages for modeling different aspects of CPS and 

transformations between these models. Especially important are 

methods that have to integrate the discrete dynamics of the 

computing part with the continuous dynamics of the physical part 

and the stochastic nature of communications, which must be 

expanded to cover a wider context. There are three main approaches 

to designing the CPS: 

• Networked control systems - The emphasis on these approaches 

is on the communication between the different components of the 

system. There are two main approaches for data acquisition from 

the physical part of the CPS: timed driven and event driven 

sampling. The latter approach requires continuous monitoring of the 

physical system. Compromise approach, the so-called self-

triggering approach, is related to the determination of safe intervals 

during which the physical system is not observed and the time when 

the data is collected. Particular attention is also paid to methods of 

addressing the effect of delayed network signals, such as scheduling 

or stability analysis methods. Other important tasks that seek a 

solution, especially from the field of control theory, are to 

determine the optimal placement of computations and to deal with 

the availability of channels with very low data rates. An overview 

of networked CPS is given in [6]. 

• Hybrid control systems that emphasize their continuous and 

discrete dynamics. Various approaches are known, among which 

the most popular are hybrid automata using different mathematical 

formalizations to reflect the transition between discrete states and 

the evolution of the continuous states over the time. Among the 

most frequently used are finite state machines and timed automata, 

bisimulation, transition systems, linear hybrid automata (LHA), 

rectangular hybrid automata (RHA), temporal logic and others. It 

should be noted that there are a lot of software tools that allow the 

synthesis of control systems and their formal verification, such as 

UPPAAL, HyTech, etc. Some analysis of these approaches are 

presented in [7, 8]; 

 

INDUSTRY 4.0 2019, WINTER SESSION

200



 

• Distributed hybrid systems – One of the most often applied 

approaches uses software platform, called middleware, which uses 

an appropriate abstraction of complex systems and offers 

architecture for the rapid deployment of CPS applications [9]. The 

successfully applied architectures include: component-based, 

service-oriented, agent-based, and the CPS 5C (connection, 

conversion, cyber, cognition and configuration) architectures [10]. 

Another successfully applied approach is based on the Embedded 

Virtual Machine (EVM) and uses a modular architecture that 

separates the tasks from the unreliable physical part allowing the 

integration of system components and their run-time 

reconfiguration [11]. Other successful approaches use specialized 

programming languages such as Giatto, Esterel, Signal, etc. or the 

Model Driven Development (MDD) approaches. MDD [12] are 

some of the most promising and challenging approaches for 

development and maintenance of highly distributed control systems 

such as CPS. Here the systems are presented as models that 

conform to meta-models, and the model transformations are used to 

manipulate the various representations. The main difference from 

other development methods based on models is that MDD uses 

models as inputs to parameterized implementation generators, i.e. 

implementation is (semi)automatically generated from the models. 

In the next section of the paper an analysis of the IEC 61499 

standard in respect to its application for development of distributed 

monitoring and control for CPS is presented. 

2.2. Short overview of IEC-61499 standard  

The IEC-61499 standard [4] defines the basic concepts and 

reference architecture for the design of reusable and component-

based distributed control systems. At the heart of the standard, the 

concept of "function block" (FB) is the basic structural unit of the 

application. The function block can be used to define reusable 

software components that, based on a chosen methodology, can be 

used to design complex, decentralized, distributed control systems. 

The term “Function Block” is defined by Lewis as: “an abstract 

mechanism that allows encapsulation of industrial algorithms in a 

form that can be easily understood and applied by an engineer who 

is not skilled in the implementation of complex algorithms” [5]. The 

standard defines three basic types of function blocks: basic, 

composite and service interface and 3 types of reference models, on 

the basis of which a distributed control system can be designed at 

different phases of its life cycle: system model, device model and 

resource model. The system model specifies the distribution of an 

application between devices, and a single device can perform 

multiple applications. Devices are containers of resources that make 

it possible to run function blocks on the network independently. The 

resource model specifies the location where an application is 

running, providing the basic resources for doing so. There are 

several engineering environments that support the development of 

control systems based on the IEC6199 standard such as for example 

FBDK (Function Block Development Kit) [13], 4DIAC [14], 

FBench [15], ISaGRAF [16] and nxtStudio [17]. Although the 

industry is aware of the benefits of using IEC 61499, this standard 

has not yet been widely applied in the industry. The main reasons 

for this are the immaturity of the development tools and the lack of 

a sophisticated integrated development environment (IDE) and 

integrated design methodologies that facilitate component-based 

development of automation systems throughout the whole 

development lifecycle. 

The main advantages of the standard with respect to CPS can be 

summarized as follows: 

• IEC-61499 standard allows the integration of a time-triggered 

mechanism with SIFB-based event triggered systems; 

• The reference architecture and models based on IEC-61499 

standard support the reuse of the developed CPS components and 

shorten their development and configuration time; 

• The distributed control structure achieved, facilitates the 

reconfiguration of the system by inserting, deleting and replacing 

functional components based on IEC-61499 standard; 

• The models offered allow the creation of a library of IEC-61499 

based reusable components for different application areas. 

 

Fig.1: Overview of IEC-61499 based models 

 

3. Short analysis of the combined IEC-61499 

based approaches in the field of CPS 

3.1. Classification of the approaches 

Fig.2 summarizes the approaches proposed, which aim to increase 

the potential for implementation of the standard and increase the 

efficiency and quality of the developments, which can be divided 

into two groups: 

• Approaches representing a combination of IEC-61499 based 

models with advanced software engineering approaches and tools, 

such as formal specification and verification methods, the use of 

agile models in software development processes, the use of UML/ 

SysML to extend development stages, or as an alternative to the 

design of IEC-61499 based control systems; 

• Approaches that combine the concept of the standard with the 

successes achieved in the control of specific production areas, such 

as batch control (ANSI / ISA S88 - ISO-61512 standard [18]) and 

the PLCopen motion control initiative based on the IEC standard -

61131-3 [19]. 

 

Fig.2: Systematization of approaches for the development of IEC-

61499 based management systems 
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The next part of the paper presents the ideas of only a subset of 

approaches using software engineering achievements, which in the 

last part of the report will be illustrated with a specific example. 

3.2. IEC-61499 based approaches combined with software 

engineering methods 

A. Combined approach using IEC-61499 standard and 

formal specification  

Combining the concept of IEC-61499 standard with the capabilities 

offered by the formal specification and verification approaches, 

leads to a significant increase in development efficiency due to the 

fact that, at relatively early stages, the specified control system can 

be verified based on the application of different formal methods and 

approaches. Fig.3 illustrates in a general way the idea of engaging 

in the development of the stages of formal specification and 

verification of models using the model checking method. It should 

be noted that this approach can be implemented with various formal 

methods and software. For example, in [20, 21], for the purpose of 

the formal specification of the system, Petri SIPN networks were 

selected, and for its verification the possibilities for transforming 

the network into a timed automata and NuSMV product 

implementing the model checking method using BDD diagram and 

SAT method. Alternatively, NuSMV may be replaced with 

UPPAAL, as demonstrated in [22]. This product can also be used 

on its own by specifying the control system model with timed 

automata, and the requirements may be defined using temporal 

logic. 

 

Fig.3: Combined approach using IEC-61499 standard and formal 

specification 

B. Combined approach using IEC-61499 standard and 

UML/SysML.  

The unified UML modeling language [23] and its profile for system 

engineering SysML [24] can be used in various ways in the 

development phases of IEC-61499 based control systems. A 

detailed overview of these approaches is presented in [25]. The 

approaches proposed by the authors differ in the degree of 

development of UML models, the development environment, and 

the version of UML used or the additional inclusion of SysML. For 

example, [26] proposes an approach using the UML1.4 version, 

based on IBM's Rational Rose programming environments and the 

UML-MAST profile, which aims at modeling the real-time 

characteristics of the system. Old versions of UML are also used in 

[27, 28], but in these cases the use of CORFU engineering 

environment, directly related to the IEC-61499 based FBDK 

development environment, is proposed for development purposes. 

The development of the UML language and the creation of a 

SysML profile for system engineering improve the language's 

usability in real-time systems development, enabling it to cover the 

entire development lifecycle. In this regard, different approaches 

with and without the help of the SysML profile in the Telelogic 

Rhapsody environment currently owned by IBM have been 

explored [29, 30]. It should be noted that the approaches proposed 

are applicable to both discrete and continuous systems. Significant 

is the success in the formalization of UML and the ability to verify 

and validate the proposed models at different phases of their 

development, which is a challenge to further improving and refining 

the approaches proposed. An attempt is also made to design a multi-

agent control system based on the IEC-61499 standard and using 

UML/SysML [31]. 

3.3. IEC-61499 based approaches combined with other 

standards 

A. Combined approach using IEC-61499 standard and ANSI 

ISA S88 (IEC)  

The proposed approach for monitoring and control of CPS 

supports the development of reusable software components based 

on the combined use of three different formalisms: the IEC-61499 

standard for distributed process measurement and control systems, 

the IEC-61512 standard for batch control and the Signal Interpreted 

Petri Nets (SIPN), which are used as a tool for formal verification 

of the correctness in the behavior of the developed components or 

CPS. IEC-61512 provides domain specific models for design and 

control of batch production processes. The models allow the 

description of continuous production of finite quantities of materials 

(batches) from two distinct views – physical and control (cyber). 

The approach is illustrated in fig.4, and includes the following 

steps:  

• Functional component development - each physical component 

as for example pressure sensor, temperature sensor, level 

sensor, valve and pump, has corresponding cyber component 

(i.e. functional component). If several components are 

employed for an equipment or unit module, their software 

components are then compounded as a composite component. 

The functional component can be instantiated several times; 

• Control recipe modeling using SIPN - the procedural control of 

each unit procedure;  

• Mapping of model to an IEC 61499 based application - The 

SIPN model with regard to the functional component is mapped 

into IEC-61499 by using some rules. 

 

Fig.4: Basic models in IEC-61499 

 

B. Combined approach using IEC-61499 standard and 

PLCopen (IEC-61131)  

Within PLCopen, there are rich libraries of functional blocks, 

algorithms, control systems and development environments based 

on the IEC 61131-3 standard. It is essential to be able to use these 

developments in the design process of distributed control systems 

based on IEC 61499 standard. There are two main approaches to do 

this: 

• Inclusion of IEC 61131-3 based algorithms as an integral part 

of the IEC 61499-based FB algorithms [5]; 

• Transformation of the function block based on the standard 

IEC 61131-3 into a functionally compatible IEC 61499 based 

function block. 

In the second approach, the data (input or output) that are 

Boolean for the IEC 61131-3 based block is transformed into events 

(respectively input or output), as shown in Fig.5. 
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Fig.5: Transformation of PLCopen to IEC 61499 Standard 

 

4. CONCLUSIONS 

The combined use of the IEC-61499 standard results in a 

significant improvement in the quality, safety and efficiency of the 

designed GSP. However, there are still some obstacles and 

disadvantages that can be summarized as follows:  

• IEC-61499 standard does not provide verification capabilities 

for the control logic, either at the design stage or after online 

reconfiguration; 

• The standard does not allow modeling of the physical part of the 

system; 

• There is no possibility for parallel control logic; 

• The implementation semantics need to be improved to be 

independent of deployment platforms (deterministic) and to 

respond to real-time constraints; 

• Lack of advanced interfaces for communication with the upper 

levels of management and control; 

• Lack of middleware for real-time messaging that enables the 

distributed development of CPS signals and cognitive functions. 
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Abstract: Agricultural labor is physically demanding, tedious and often carried out in unfavorable conditions, making it suitable for 

robotization. Due to climate change and the swift increase of the human populace on Earth, the hunger is becoming increasingly an issue 

(currently, around 2 billion people suffer from malnourishment). With the aim of maximal efficiency of the production of plant food, an 

accelerated introduction of robotics in the field of agriculture is required (Agriculture 4.0). 

Keywords: INTEGRATED COMPLEXES, BIO PRODUCTION, HARVESTING, FRUITS, VEGETABLES DELIVERY, 

TECHNOPARK AGROROBOTIKA,ROBOT, DRONE, AGRICULTURE, STRAWBERRY 

 

1. Introduction 

 

According to latest global reports[1], it is time for the global 

community to get prepared to meet the emerging challenges 

connected to increase in demographics, limited natural resources, 

climate changes which reduce the productivity in agriculture, 

inefficiency of food waste, poverty and hunger. All these problems 

are strongly connected with the agricultural field and the limitations 

in food production using the traditional means of planting, weeding, 

harvesting and delivery. Living in the era of high-tech and artificial 

intelligence, it is a common responsibility to be used cross-industry 

approach to tackle the demanding problems with fruits and 

vegetables production.  

The present article aims to explore the current state of 

technological development in the agricultural sector and offer 

relevant solutions for development of the sector in Bulgaria. For 

the purpose there are estimated and compared the production 

results of two approaches in agriculture- the conventional and a 

technology aided. 

 

2. Solutions for the examined problem 

 

In this section are described the trends in the development of the 

farming sector which are mainly connected to the means of 

technology which enables replacement of manual monotonous 

unskilled labor, ensures quality management and guaranteed origin 

of production, reduces dead times, eliminates resellers, reduces 

delivery time to end customer and ensures costs optimization for 

production and delivery per 1kkal fruit or vegetable. 

With the rapid developments in the world of Industry 4.0, the 

creation and usage of robots in agriculture[2,11] for almost the 

entire lifecycle of production, harvesting and delivery to customers 

(consumers), is also on the rise. Modern unmanned means of 

transport allow for the delivery of fruits and vegetables over long 

distances and for fresh consumption in accordance with the 

Mediterranean diet – consumption no later than 72 hours after 

harvesting from the plant[1]. 

A variety of agricultural robots[3,4] exist - for ploughing, 

preparation of the soil for planting, environmentally friendly 

fertilization, irrigation, pest control, weeding, harvesting and 

delivery (by mobile ground and aerial robots – drones). Robots are 

developed for specific types of fruits and vegetables and according 

to their varieties or sorts[5]. The existing agricultural robots are 

being rented, sold or augmenting human labour [6] on the lands, 

where fruits and vegetables are grown. It is typical that with the 

usage of robots in agriculture, the output of production increases 

manifold, while the costs associated with the production decrease 

also manifold.  

 

 
Figure 1 Robots used in the agriculture 

Agriculture 4.0 is an element of Industry 4.0 and the leading 

topic is the robotization of the production processes. Mobile robots 

are also used as means of transport of equipment, heavy loads, 

manpower and are capable to work under water, on water, on the 

ground, underground and in air and sometimes as a combination of 

some of the above conditions. They can be operated manually or be 

left to operate autonomously with a given route. Drones, which are 

aerial robots, are used around the globe and in Bulgaria for the 

purpose of precision agriculture, mainly to optimize the production 

of field crops. Electric autonomous tractors and combine harvesters 

are also being developed and integrated[1].  Precision agriculture is 

a concept based on observations and measurements (usually done 

by satellite imaging and/or drones to asses crop health and parts of 

the crop which need special treatment by robots) as well as 

decisioning in the area of crop farming, which, overall, aims to 

increase monetary gain while decreasing costs. This concept needs 

to be applied to other areas of agricultural production as well. 

Drones and ground robots are used in the logistics and delivery in 

multiple countries around the world – e.g. for the delivery of pizza 

in London, medicine in hard to reach areas in Germany, library 

books for students in Sidney, Australia, etc. Drones are used in first 

aid in Italy. Robots are also used in livestock management, with 

focus on biofuel and natural fertilizer production, but also in the 

process of rearing the animals themselves. 

By means of soilless growing – hydroponics and specifically, 

aeroponics, entire complexes are in operation for the production of 

fruits and vegetables, which are designed to be grown vertically, 

indoors, require 90% less water than usual farming [1] and 

harvesting is done 365 (366) days, 24 hours, 7 days of the week. A 

successful experiment is carried out in the German EDEN-ISS 

greenhouse in Antarctica where fruits and vegetables are grown 

without the need of sunlight or soil as a test run for harsh conditions 

and with the aim that humanity can one day grow food on Mars and 

on the Moon. Such a station can, of course, be adapted so as to 

function in desert areas on Earth[2]. NASA are also growing food 

on the International Space Station [12]. 

By the end of the 1990s’, agricultural robots are 

experimentally developed for the harvest of fruits and vegetables 

in open spaces. [1] By today, there are many such robots in Japan, 

Australia, Israel, South Korea, the USA[12], France, Germany, 

Spain and other countries. [8,9] The harvesting of strawberries is a 

main goal of robotics due to its long harvesting period, e.g. in the 

state of California, the harvesting period of strawberries can get up 

to 210 days per year. Many other robot harvesters exist for other 

plants, which have a much shorter harvesting period[12].  
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Figure 2 Delivery drone 

 

 
Figure 3 Contemporary technology used in farming production 

Due to the climate conditions, the best tasting fruits and 

vegetables are grown on the Balkan peninsular, in Bulgaria and 

more specifically, on territory of the Thracian Plain. The fast and 

timely transport by EVTOL drones could increase the area of 

transport of fresh product to about 6000 kilometers, while at the 

same time decrease the energy requirements for the transportation. 

By now, the energy involved in the delivery of a certain quantity of 

farming product outweighs by orders of magnitude the energy 

required to produce and energy the consumer obtains by eating the 

food when calculated in kkall (kilocalories).  

Despite the high output, on their own, harvesting robots are not 

efficient from the point of view of the entire process of growing, 

harvesting and delivery. Optimal output can be achieved by 

integrating robotics in each stage of the process or lifecycle of crop 

production7. This can be made possible by the creation of 

Integrated Complexes for eco-friendly growing in the open, 

including harvesting and delivery of fruits and vegetables for fresh 

consumption. 
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3. Results and discussion 

As a basis, one can take a Small Integrated Production 

Complex for strawberry production. Production capacity: 

pessimistic projection of the capabilities of such a complex: Plants 

per decare (1000 m2) – 12500; Weight of a single fruit – 10 grams; 

Number of fruits per plant – 25; Harvesting period per strawberry 

sort – 24 days; Number of harvests – 8, where for each harvest, 

about 3 days are required; For the 3rd till the 6th harvest, 4 

strawberries are picked per plant; The output of 1 decare – 3125 

kilograms. The time required per manipulation of a single fruit by 

a manipulator – 6 seconds / usual required time for the 

manipulation of one single fruit is 3-5 seconds/ where the minimal 

time of a manipulation of a fruit can also be shorter than 1 second. 

The way the time of a single manipulation cycle is calculated is 

a sum of the following: time required to evaluate the ripeness of a 

fruit, grasping the pedicel and cutting it, moving the fruit to the 

place required for an additional quality check, performing an 

additional quality check, placing the fruit in a proper container for 

storage, moving the manipulator system towards the next fruit. 

The yield i.e. fruits handled per hour: 6 kilograms by a single 

manipulator robot arm (a combine – 48 kilograms); 24 hours of 

harvesting per single Combine – 1152 kilograms; 3 day harvesting 

period of a single Combine – 3465 kilograms; 24 day harvesting 

by a single Combine – 27648 kilograms; Area of a 24 day 

harvesting period or a single sort – 8.85 decares; Per 5 sorts giving 

fruits from March till June (included) or a harvesting period of 120 

days – yield would be 138240 kilograms. The area required for 

such a produce would be 44.25 decares. With a second round of 

fruit growth of 2 sorts or with an area of 17.7 decare, but with an 

yield of up to 50% of the main yield, the overall output per year 

increases by 27656.25 kilograms. Overall, the output per calendar 

year would be 165896.25 kilograms of a single production 

Combine. 

For comparison: for the yield of 165896 kilograms of 

strawberries by human labor: weight of a single fruit – 10 grams; 

number of fruits per plant – 25, number of plants per decare – 

8333; By using mulching film and with dripping irrigation, 

possible production per decare – 2082 kilograms; Time required 

per manipulation – 6 seconds; output of a single picker – about 600 

fruits or about 6 kilograms; A single picker can pick about 36 

kilograms of strawberries per 6 hour shift (usually, a picker can 

pick from 26 to 52 kilograms) or otherwise put – 864 kilograms 

per 24 hour period; Harvesting a decare requires 2.5 workers. To 

pick 16589 kilograms of strawberries, one therefore needs 27649 

man-hours, where the area required would amount to 66.4 decares; 

For a single strawberry sort, 13.28 decares are needed and the 

workers required would be 32; The power of a worker is estimated 

at about 80W. For a 6-hour work day, a worker spends from 6000 

to 8000kJ of energy. The energy required per 24 hours by a person 

is 16000 kJ to 20000kJ. Additionally, along with the pickers, 8 

workers are needed to take away the produce, which has just been 

picked. These 8 workers can, at the same time, load and unload the 

transport vehicles. Three workers would be required to drive the 

transport vehicles, three people to perform quality checks on the 

produce, about 4 workers to place labels on the packaging of the 

produce. Overall, one would need about 50 workers to produce 

165896 kilograms of strawberries. Otherwise put, a single 

Production Combine would replace 50 workers needed to pick 

strawberries for fresh consumption. 

Comparative analysis by manual preparation of the areas 

needed: Forming beds – 8 man-hours; laying the drip irrigation 

system – 2 man-hours; Planting – 27 man-hours; Mulching – 5 

man-hours. Overall – 42 man-hours per decare. To prepare 66.4 

decares – 2789 man-hours are needed; Required number of plants 

for the production area of 66.4 decares – 553125 plants. With an 

average yield from a decare of land for the production of seedlings 

– 40000, therefore for the production of seedlings, 13.83 decares of 

land would be needed for both cases. 

An important clarification would be that the Production 

Combine (a mobile robot) consist of a single platform, by the 

change of the modules by which the robot operates or manipulates, 

the robot turns into a harvesting one, a tillage one, a planting one; 

one which cares for the plant at the stage of vegetation, etc. The 

second platform, also a mobile robot, serves to deliver empty 

packaging and to take away the picked and packaged produce out 

of the growing area to the third platform, to which the aggregation 

module is attached, the management system and the temporary 

storage areas for empty packaging and ready packaged 

produce[10]. 

This technology is analogous with the assembly line with the 

following changes – „a broken assembly line” [10] (lines i.e. beds, 

on which the plants are situated, are immobile); the manipulators 

are moved from the Production Combine by pacing – analogous to 
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the double acting pneumatic cylinder or the principle of movement 

of the caterpillar (bionics). 

To put this Integrated Complex into practice, an International 

Consortium (an association, joint-stock company) could be 

founded, which would create a Technological Agricultural 

Robotics and Natural Energy Resources Park. 

The municipality of Dimitrovgrad has one of the richest soils 

in the country and the Thracian Plains. The soils are mostly of the 

“black earth” variety, with 416.6 km2 or 73.39% being agricultural 

lands. The land resources given create favorable conditions for 

growing plants and rearing animals. Water basins provide a 

relatively good potential, as does the lack of activities that pose a 

risk to the ecological balance and these are strategic resources to 

the municipality. They are also a part of the natural capital and 

provide a potential for development. Traditional plant farming has 

significantly decreased and takes up about 10000 decares. The 

reason for that is the lack of workforce, the tedious and 

monotonous labor, lack of markets and etc. 

The strategic placement of the municipality is: 

- almost at the center of the Thracian Plains 

- in the area of the Economic zone called Trakia 

-crossing European transport corridors 9 and 10 (highway 

Trakia and the road Rousse – Alexandropoulos), 

-crossing the railway of the Sofia – Svilengrad with the railway 

of Rousse – Podkova 

-the existence of a former military airport (which is currently 

unusable) 

-the existence of an agricultural market, created by a European 

project (it is currently not functioning) 

-the existence of unusable municipality buildings 

-project for the building of the Dunav- Aegean highway, going 

through 2 municipalities and which is a part of the Aegean – Baltic 

corridor (this project could be supplemented by an aerial highway 

for cargo flights by EVTOL drones). By this aerial highway, 

Scandinavian countries could enjoy fresh produce as well. 

 

4. Conclusion 

On the basis of the facts presented so far, as well as the 

Sustainable Development Goals (SDGs), agreed upon 3 months 

before the Paris Agreement – Agenda 2030 of the General 

Assembly of the UN as well as the accepted Strategy for the 

Digitalization of Agriculture by the Council of Ministers of the 

Republic of Bulgaria, the most suitable place in the Thracian Plains 

for the creation of the Technological Park of Agricultural Robotics 

and Natural Energy Resources, would be the territory of the 

municipalities of Haskovo and Dimitrovgrad, due to their proper 

natural capital. 

This Technological Park is to be created by an international 

group under the European Union, the Republic of Bulgaria, the 

Municipality of Haskovo and Dimitrovgrad. A possible architecture 

of the International Consortium should consist of the following: 

-A FABLAB – a factory for the creation of prototypes. 

-An enterprise for the creation of bio-degradable packaging 

-An enterprise for the creation of bio-fertilizer and its 

derivatives 

-Special teaching facilities for the training of workers, which 

create and use the robot Complexes, 

- other units serving the common purpose. 

The authors believe that by the abovementioned means, it will 

be created a pilot project which will give ground for preparation of 

the Bulgarian agricultural sector to set up according to the latest 

market demands of Industry 4.0 era as well as to increase the 

competitive potential of the European Union in the sector. 
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Abstract: An important requirement of digital electronic devices is the comprehensive provision of electromagnetic compatibility. In 

particular, it is necessary for electrical, electronic and radio equipment to ensure a sufficient level of noise immunity when exposed to 

microsecond pulse interference. The international standard IEC 61000-4-5 regulates the testing of equipment for microsecond impulse 

noise. Carrying out such physical tests is quite complicated and requires expensive equipment. The article proposes computer simulation of 

testing electronic devices in accordance with the requirements of IEC 61000-4-5. 
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1. Introduction 

 

Electronic equipment operating in an industrial environment is 

subject to rather stringent requirements, including the field of 

electromagnetic compatibility. To meet these requirements, the 

international standard IEC 61000-4-5 is used, which sets up noise 

immunity criteria and test procedures related to voltage and current 

emissions [1]. 

The standard describes two methods of applying a discharge 

[2]: 

– contact discharge. As the name implies, in this case, the 

discharge tip of the generator directly contacts the device; 

– air discharge. In this discharge, there is no direct contact 

between the tip of the discharge probe and the device. Instead, the 

dipstick is gently lifted to the unit until an air discharge occurs. This 

approach applies when the contact discharge method cannot be used 

for any reason. 

However, such physical tests are quite complex and require 

expensive equipment [3]. Therefore, the article proposes computer 

simulation of testing electronic devices in accordance with the 

requirements of IEC 61000-4-5. 

 

2. The reasons occurrence electromagnetic 

interference 

 

In real conditions, a large number of different types of 

electromagnetic interference operate at the location of the electrical 

equipment (Fig. 1) [4]: 

– short circuits; 

– lightning discharges; 

– transients during switching of power equipment; 

– power network failures and distortions; 

– electromagnetic fields caused by other equipment. 

 

 

 
 

Fig. 1. Sources of electromagnetic interference at power stations and substations: 

1 – short circuits; 2 – lightning discharges; 3 – transient modes of operation of high-voltage equipment; 4 – switching of electromechanical 

devices of various purpose; 5 – full-time operation of power electrical equipment (up to and above 1 kV); 6 – radio means; 7 – electrostatic 

discharge 

 

In this case, industrial devices must function with specified 

quality criteria in the conditions of interference [5, 6]. 

 

3. The international standard IEC 61000-4-5 

 

The international standard IEC 61000-4-5 applies to electrical, 

electronic and radio electronic devices and equipment and sets 

requirements and test methods for technical equipment (TE) data 

for resistance to high-voltage microsecond pulse interference (MPI) 

caused by overvoltages, switching transients and lightning 

discharges [7, 8]. 

Switching transients can be divided into groups related to: 

– switching in powerful power systems, such as switching of 

capacitor batteries; 

– switching in low-power power supply systems in the 

immediate vicinity of the vehicle or with changes in load in the 

electrical distribution systems; 
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– resonant voltage fluctuations in electrical networks caused by 

the operation of such switching devices as thyristors; 

– damage to systems such as short circuits to ground and arc 

discharges in electrical installations. 

The processes of formation of MPI at lightning discharges are 

basically reduced to the following [9]: 

– upon direct lightning strike into the outer (outside the 

building) circle, the MPI voltage is formed due to the flow of a 

large discharge current through the outer and ground circuits; 

– by indirect lightning strike (inside a cloud, between clouds or 

near objects), electromagnetic fields are formed that induce voltages 

or currents in the conductors of external or internal circuits; 

– when lightning strikes the ground, the discharge current 

flowing through the earth can create a potential difference in the 

grounding system of TE. 

Rapid changes in voltage or current when the protective 

devices are triggered can also lead to the formation of MPIs in 

internal circuits [10]. 

 

4. Pulse overvoltages from lightning 

 

Lightning is one of the most powerful sources of 

electromagnetic interference (Fig. 2). This paper deals with the 

modeling of the effects of overvoltages resulting from indirect blow 

lightning. 

 

 
 

Fig. 2. Phenomenon occurrence lightning 

 

The duration of the lightning current pulse is mainly 

determined by the time of propagation of the reverse discharge from 

the earth to the cloud and ranges from 20 to 100 μs. The average 

pulse duration of a lightning current is close to 50 μs, which 

determined the choice of a standard voltage signal used for testing 

electrical equipment - a microsecond interference (Fig. 3) [11]. 

 

 
 

Fig. 3. Lightning impulse parameters 

 

5. Equivalent microsecond pulse generator 

according to IEC 61000-4-5 

 

International standard IEC 61000-4-5 describes the circuit 

diagram of a generator microsecond pulse obstacles (MPO) is 

shown in Fig. 4 [12]. 

 

 
 

Fig. 4. The circuit diagram of a generator MPO 

 

On Fig. 4 introduces the following designations: U is a high 

voltage source; Rc is a charge resistor; Сc is a charging capacitor 

(20 μF); Rt is a resistor that determines the pulse duration 

(50 Ohms); Rr1, Rr2 are resistors that determine the output 

impedance of the generator (Rr1 = 15 Ohms, Rr2 = 25 Ohms); Сt is a 

capacitor that determines the duration of the impulse front (0.2 μF); 

K is a switch that is locked when using an external matching 

resistor. 

Connection diagram of a generator MPO to the test device and 

the network is shown in Fig. 5 [13]. 

 

 
 

Fig. 5. Connection diagram of a generator MPO 

 

6. The results of the physical experiment 
 

Test results shall be classified on the basis of the following 

performance criteria, unless otherwise specified in the standards for 

the specific type of TE or in the technical documentation for the TE: 

– criterion A. Normal functioning according to established 

requirements; 

– criterion B. Temporary deterioration of the quality of 

functioning or termination of the performed function with the 

subsequent restoration of normal functioning, carried out without 

the intervention of the operator; 

– criterion C. Temporary deterioration of the quality of 

functioning or termination of the installed function, requiring 

operator intervention or system restart; 

– criterion D. Deterioration of the quality of operation or 

termination of the installed function, which are not subject to 

restoration by the operator due to damage to the equipment 

(components), software breach or data loss. 

The test equipment must not become dangerous or unreliable 

as a result of interference with species regulated by IEC 61000-4-5 

[14]. 

The results of a physical experiment, namely, waveforms of 

voltages at a resistive load of 1 kOhm when exposed to 

microsecond pulse noise from a generator of type IIP-4000 when 

applying different pulse amplitudes are shown in Fig. 6. 
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a 

 
b 

 
c 

 

Fig. 6. Waveforms of microsecond pulses at a resistive load of 

1 kOhm: 

а – 500 V; b – 1 kV; c – 2 kV 

 

7. Simulation model of the microsecond pulse 

generator in Multisim program 

 

To simulate the impact of microsecond pulse interference on 

electronic devices, the NI Multisim program has assembled an 

interference generator model, is shown in Fig. 7. 

 

 
 

Fig. 7. Model of microsecond pulse generator interference 

The dimensions of the model components were set in 

accordance with the recommendations of IEC 61000-4-5. The 

results of modeling the influence of microsecond pulse interference 

on the resistance of 1 kOhm are shown in Fig. 8. 

 

 
a 

 
b 

 
c 

 

Fig. 8. Form of microsecond pulse interference generated by a 

virtual generator on a support of 1 kOhm: 

а – 500 V; b – 1 kV; c – 2 kV 
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To protect electronic equipment against the effects of 

microsecond pulse interference some recommended schemes are 

provided (Fig. 9). 

 

 
a 

 
b 

 
c 

 

Fig. 9. Possible schemes to protect electronic equipment from 

microsecond pulse interference: 

а – fifth-order filter with a bi-directional TVS diode and varistors; 

b – fifth-order filter with a common-mode choke; c – fifth-order 

filter with a bi-directional TVS diode, common-mode choke, 

varistors and fuses 

 

To evaluate the impact of the effectiveness of the application 

of a filter rational use of modeling. 

 

8. Results and discussion 

 

The article presents the results of the study of the international 

standard IEC 61000-4-5, which regulates the requirements for test 

equipment, which simulates the impact of pulse overvoltage in 

electrical networks to electronic devices. The description of the 

causes of electromagnetic interference, an equivalent circuit of the 

interference generator and the required pulse shape are presented. 

The developed models generate a test pulse shape that meets 

the requirements of the standard. The presented schemes allow to 

protect industrial devices from pulse overvoltages. 

 

9. Conclusion 

 

The developed simulation model allows for virtual testing of 

various electronic circuits for microsecond pulse interference, 

which will reveal the disadvantages of circuitry solutions of 

industrial devices at the stage of development. Accordingly, this 

will reduce the timeframe and additional costs of developing 

industrial appliances. 

Computer simulation of testing electronic devices is carried out 

in accordance with the requirements of IEC 61000-4-5. Such 

physical tests are simple enough and do not require expensive 

equipment. 
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lithium-ion battery. Mathematical models of equivalent circuits of different types of lithium-ionic batteries have been analyzed. 
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1. Introduction 

 

Lithium-ion batteries are one of the most popular energy 

sources for a wide range of autonomous devices from mobile 

phones to electric vehicles [1]. At the same time mathematical 

models of lithium-ion batteries are one of the key issues in the 

modeling of autonomous devices, as they determine the capacity 

and time of the batteries, voltage stability during discharge, as well 

as the battery charge rate [2]. 

Nowadays, electric vehicles are attracting a lot of attention 

from researchers because of their properties, such as reducing fuel 

consumption and greenhouse gas emissions [3, 4]. 

As an energy storage, the battery is one of the basic elements 

on which the development of electric vehicles depends. The 

lithium-ion battery is known for its advantages such as high energy 

density, high charge and discharge speed, safety, etc. [5]. 

Until recently, a major drawback of electric vehicles was the 

high cost of lithium-ion batteries. However, there is a tendency to 

reduce the cost of lithium-ion batteries (Fig. 1). So, by the year 

2030, the cost of 1 kW·h of a lithium-ion drive will cost $ 62 [6]. 

 

 
 

Fig. 1. The existing trend and forecast for the decrease in the cost 

of lithium-ion batteries 

 

Due to the increasing research in simulation processes in 

lithium-ion batteries of electric vehicles, it is important to ensure a 

high accuracy of charge and discharge modeling [7, 8]. 

The purpose of this work is to analyze to validity of 

mathematical models of lithium-ion batteries on the example of the 

battery type NCR-18650b, namely, with the characteristics stated in 

the documentation for the battery. 

 

2. Volt-ampere characteristics of lithium-ion 

batteries in the charging process 

 

Fast charging depends on the transfer of energy to the battery 

at very high power levels. It is not only the chemical composition of 

the battery that determines the power level at which the cell can 

take charge, but also the method used to charge the battery [9]. 

The most popular battery charging procedure is the CC–CV 

(Constant Current – Constant Voltage) [10] (Fig. 2). 

 

 
 

Fig. 2. The charging characteristics of the battery 

 

The main idea behind the CC–CV method is that the battery 

charges a constant maximum current, usually determined by the 

element manufacturer, to some cut-off voltage and then charges at 

that voltage until current consumption decreases to about 0.1C or 

less, providing full charge [11, 12]. 

The discharge characteristics of the NCR-18650b battery 

according to the technical documentation are shown in Fig. 3. 

 

 
 

Fig. 3. The discharge characteristics of the 

NCR-18650b battery at load current: 

1 – 0.65 A; 2 – 3.2 A; 3 – 6.5 A 

 

3. Equivalent circuits and mathematical models of 

lithium-ion storages 

 

There are various mathematical models and equivalent circuits 

describing the processes in lithium-ion batteries, such as an active-

resistive battery model, a dynamic resistive-capacitor model, the 

first and second order Thevenin model and others [13, 14]. These 
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models give different accuracy in the description of charge-

discharge characteristics. 

A model of a lithium-ion battery that takes into account the 

active resistance of the battery (active-resistive model of the 

battery) is shown in Fig. 4. 

 

 
 

Fig. 4. Active-resistive battery model taking 

into account power loss 

 

There are various options for implementing the model, in 

which the value of the internal resistance of the battery is either 

constant Rint = const, or depends on the percentage of battery charge 

Rint = f (SoC), where SoC is the state of charge, the percentage of 

battery charge. Similarly, in various models, the internal EMF of 

the battery can be constant Uoc = const, or it can depend on the 

percentage of battery charge Uoc = f (SoC). 

In the case where the Uoc voltage and resistance depend on the 

percentage of charge, the output voltage at the battery terminals are 

expressed as [15]: 
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where I is the battery current; U0 is the open circuit voltage when 

the battery is fully charged; k, kr are the empirically derived 

coefficients. 

Of the drawbacks, the model does not reduce throughput when 

the load increases, so it is not suitable for dynamic systems or 

transition states [16]. 

Based on the dynamic characteristics and operating principles 

of the battery, an equivalent circuit model was developed using 

resistors, capacitors as voltage sources (resistive-capacitor model) 

(Fig. 5). 

 

 
 

Fig. 5. Resistive-capacitor battery model 

 

This model includes the capacitor Ca, which represents the 

accumulated capacitance, the series resistance Ra, which represents 

the polarization effect, the capacitor Cp, and the current-dependent 

resistance Rp, which simulates the effects of polarization and power 

dissipation on the internal resistance Rint. The Cp value is very 

small, while the Ca value usually takes on very large values. The 

SoC value is represented by the change in voltage across the 

capacitors Ca and Cp. 

The disadvantage of this model is that the description of the 

discharge process has sufficiently large errors in the full discharge 

zone. The SoC zone of 20…80 % is described quite accurately by 

this model. 

Equations that describe battery operation: 
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The first-order Thevenin model describes charge-discharge 

characteristics as an active-resistive model with an additional RC 

circuit, which are connected in parallel. RC parameters depend on 

SoC, current and temperature. The first-order Thevenin model is 

shown in Fig. 6. 

 

 
 

Fig. 6. Equivalent scheme of the first-order Tevenin model 

 

The equations that describe the processes of charge-discharge 

of the battery are expressed as: 
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where R0 is the ohmic resistance; Rp is the polarization resistance; 

Cp is the polarization capacity, which is used to describe the 

transient during the charge-discharge of the battery. 

Resistor R0 provides the internal resistance of an element 

affected by SoC, temperature, and aging. 

For a more accurate description of charge-discharge processes, 

the second-order Tevenin model is used (Fig. 7). 

 

 
 

Fig. 7. Equivalent scheme of the second-order Tevenin model 

 

The second-order Thevenin model has one additional RC 

component compared to the first-order model. With the optional RC 

component, a second-order model can achieve greater accuracy in 

terms of describing the transient behavior of the cell, but at the 

same time, the processing power increases. 

The first RC circuit has a low time constant for describing 

short-term transient effects. These transient effects are associated 

with electrochemical and concentration polarization effects, 

including charge transfer, diffusion, and other factors. 

The equations that describe the operation of the second-order 

Tevenin model are expressed as: 
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Thus, the second-order Thevenin model is more accurate and 

at the same time quite simple. In accordance with the requirement 

for model accuracy, the number of RC components added to the 

model can be increased even to infinity. However, as indicated 

above, the complexity of the model increases with the number of 

RC components. A model is always selected based on a 

compromise between accuracy and computational complexity [17]. 

 

4. Mathematical model of lithium-ion battery in 

the Matlab program 

 

In Matlab / Simulink / SimPowerSystems, there is a library 

component of the lithium-ion battery (Fig. 8, a). The block diagram 

of the battery block is shown in Fig. 8, b. 

 

 
a 

 
b 

 

Fig. 8. Component of the lithium-ion battery: 

а – the appearance; b – the internal structure of the subsystem 

 

The subsystem is the equivalent circuit of a simple linear 

battery model in which the internal resistance is not variable and 

does not depend on SoC. 

In Fig. 8, b the following notation is inserted: Ebatt is the 

nonlinear voltage; Exp (s) is the dynamic exponential zone; Sel (s) 

is the battery mode (Sel (s) = 0 during discharge, Sel (s) = 1 during 

charge). 

The charge and discharge characteristics of the lithium-ion 

battery, which is given in Matlab, is described are expressed as: 

 

                    f1 (it, i*, i) = E0 – K·Q / (Q – it)·i* – 

                     – K·Q / (Q – it)·it + A·exp (–B·it) ;                (5) 

 

                f2 (it, i*, i) = E0 – K·Q / (it + 0,1·Q)·i* –  

                    – K·Q / (Q – it)·it + A·exp (–B·it) ,                 (6) 

 

where it is the amount of charge consumed, A·h; i* is the low-

frequency component of the current, A; i is the battery current, A; 

E0 is the constant voltage, V; K is the polarization constant, V/A·h, 

it is also the polarization resistance, Ohm; Q is the maximum 

battery charge, A·h; A is the exponential voltage, V; B is the 

capacity in the exponential zone, A·h-1. 

 

5. Simulation research of lithium-ion battery in 

the Matlab program 

 

The main specifications of the battery type NCR-18650b, 

stated in the datasheet are shown in Table 1 [10]. 

 

Table 1 
The main specifications of the battery type NCR-18650b 

Characteristic Value 

Nominal capacity, A·h 3.2 

Nominal voltage, V 3.6 

Full charge time, h 4 

Weight, g 48.5 

Temperature, ℃ charge 0…+45 

discharge –20…+60 

Energy density, W/kg 243 

 

Setting discharge parameters in the battery block in 

Matlab / Simulink is shown in Fig. 9. 

 

 
 

Fig. 9. Setting discharge parameters in the battery block 

 

The characteristics of the battery discharge at different load 

currents obtained in Matlab / Simulink are shown in Fig. 10. 

 

 
 

Fig. 10. Setting discharge parameters in the battery block: 

1 – 0.65 A; 2 – 3.2 A; 3 – 6.5 A 
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Errors of the discharge characteristics of the lithium-ion 

battery NCR18650-b of the mathematical models considered and 

the built-in Matlab model against the data presented in datasheet are 

shown in Table 2. 

 

Table 2 

Errors of discharge characteristics of mathematical models of lithium-ion battery NCR-18650b 

Capacity testing The relative error is given 

At discharge current 0.65 А At discharge current 3.2 А At discharge current 6.5 А 

Depth of discharge range, % 0…5 5…85 85…100 0…5 5…85 85…100 0…5 5…85 85…100 

Deviation of battery Matlab-model data 

against Datasheet 

4.5 13.3 11.1 9.4 18.2 5.9 17 23 30 

Active-resistive model 2.2 4.3 16.1 3.1 5.8 18.0 4.2 6.4 18.6 

Resistive-capacitor model 7.7 1.7 63.6 7.1 2.1 58.1 6.8 3.2 54.2 

Model Tevenin 2.1 0.8 21.4 2.0 1.1 20.1 2.0 4.3 19.7 

 

6. Results and discussion 

 

Analysis of the data in Table 2 showed that the most accurate 

is the Tevenin model in the range of 0…85 %. That is, in the range 

where the battery is almost completely discharged, the existing 

mathematical models quite accurately describe the value of the 

voltage on the battery. In the range of discharge 85…100 % more 

accurately describes the battery voltage active-resistive model. 

The high error of modeling of the discharge characteristics in 

the built-in Matlab model of the Battery block is caused, first of all, 

by a non-ideal mathematical model that describes an equivalent 

circuit of a linear model in which the internal resistance is a 

constant and the value of the internal EMF depends on the 

magnitude of the discharge. 

Therefore, to improve the accuracy of process modeling in 

lithium-ion batteries, it is recommended to use other substitution 

circuits that more accurately describe the actual behavior of the 

battery, such as the resistive-capacitor model, the Tevenin model, 

etc. 

 

7. Conclusion 

 

The article presents equivalent circuits of lithium-ion batteries 

and a mathematical description of charge-discharge processes. 

In addition, the built-in library component of the lithium-ion 

battery was investigated. 

An analysis of mathematical models of equivalent circuits of 

different types of lithium-ion batteries was carried out, which 

showed that the most accurate are the resistive-capacitor model and 

the Tevenin model. 
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Abstract: The article presents different platforms, languages and tools for developing web-based systems for a Food Industry. 

Compliance tools conforming to the General Data Protection Regulation (GDPR) for Content Management System (CMS) are considered. 

Creative developments of students in Computer Technology for Business at University of Food Technology - Plovdiv /UFT/ are presented. 

The trends and important results of the research by means of statistical methods are given. 
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1. Въведение 

Най-използваната услуга в Интернет е разглеждането и 

селектирането на информация. Тази услуга е осъществима чрез 

информационна система от взаимосвързани хипертекстови 

документи При разработването на специализирани уеб 

страници е нужно да се експериментира с различни платформи, 

езици и софтуерни продукти, преди да се постигне със 

задоволителен резултат крайната цел. Възниква необходимост 

от постоянна актуализация спрямо новостите в сферата на уеб 

разработването. Нужно е прилагане на творчество и 

креативност, за постигане на оригиналност на възникналите 

идеи. 

При разработката на една точно специализирана уеб 

ориентирана система за контрол и анализ на продукти в 

хранителната индустрия е необходимо да бъдат осигурени: 

сигурен сървър, надеждни и съвременни платформи, подходящ 

език за програмиране на специализираните модули, да бъдат 

имплементирани и внедрени модулите за защита на данните и 

други, специфични компоненти. За осъществяването на тази 

цел бяха проучени подходящи платформи и езици, 

инструменти за разработка на уеб–ориентирана система. 

Разгледани са инструментите за внедряване по общия 

регламент относно защитата на данните (ОРЗД) - GDPR при 

CMS системите. За подобен избор е необходимо 

експериментално проучване и анализиране на видовете 

платформи, видове програмни езици, необходимите модули и 

др. Извършен е предварителен анализ на съществуващите 

системи и езици за реализация на специфични сайтове в 

хранителната индустрия. Разгледани са следните аспекти: 

 Съвременни видове платформи; 

 Видове CMS системи; 

 Съвременни програмни езици за разработка на сайтове 

 Инструменти за разработване; 

 Съществуващи инструменти за внедряване на GDPR в 

CMS; 

 Системи и езици за реализация на специфични сайтове 

в хранителната индустрия.  

2. Анализ на средства и технологии 

Видове уеб платформи 

В съвременните разработки често се използват готови 

решения, разработени на PHP, Java, ASP.NET, Perl и др. езици, 

съгласно нуждите на съответния проект. Хостинг компаниите 

обикновено предлагат набор от инструменти за бърза 

инсталация. За да се използва това, е необходимо да се запази 

домейн адрес за сайта. Ако никое от готовите решения не може 

да изпълни цялостния проект, се налага да се програмират 

допълнителни модули с цел постигане на всички изисквания.  

 

Поради големия брой програмни езици и системи тип CMS, за 

реализацията на подобен проект се проверява кои са първите в 

класирането на „Водещи 1 милион сайта“. 

 

Фигура 1 

На фигура1 се вижда, че водещата система за управление на 

съдържанието e WordPress, следвана от Joomla, Drupal и др. 

WordPress е много добър инструмент, с който може да се 

презентират идеите в уеб пространството. Основните 

предимства на WordPress са бързата и удобна инсталация, 

преведен е на български език и предоставя административен 

панел за управление на всички езици, лесен за поддръжка. Дава 

лесна възможност за специфични модификации с помощта и 

наличието на множество готови плъгини (plugins). 

 

Фигура 2 

На фигура 2 и фигура 3 са показани сравнения на 

платформите и CMS системите за 5 годишен период (2012-

2018) по света и в България 
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Фигура 3 

Видове СMS системи 

Създателите на уеб страници имат избор на платформи 

според нуждите на проектите си. Възможно е те самите да 

разработят собствена платформа, което е по-трудоемко и скъпо 

(Таблица 2) 

Таблица 2 

 

Съвременни програми езици за разработка на уеб сайтове 

За нуждите на уеб проектите не винаги е достатъчно да се 

избере готова система, това може да ускори разработката, но 

когато изискванията са в специфична област, както в нашия 

случай - консервната промишленост и няма разработена 

система или плъгин, която да удовлетвори задачите, тогава се 

избира програмен език, на който да се доработи допълнително 

системата. 

Обикновено се използват PHP откъм сървъра и JavaScript 

откъм клиента. Често се използват готови рамки на JavaScript, 

като Node.js, Angular.js, jQuery, React, D3.js и др. На PHP се 

пишат плъгини и теми (за WordPress) [2]. 

Инструменти за допълнения (плъгини) в WordPress 

Полезни специфични инструменти – допълнителни 

разширения са: 

 Bulk Watermark - разширение, което  поставя воден знак  

на всички изображения, както и текстов подпис.  

 Soundy Background Music Plugin Settings – 

разширението дава възможност за използване на музика 

за фон на вашите страници. Всяка страница или 

публикация може да има собствен саундтрак – той се 

вгражда в страницата посредством аудио маркери от 

HTML5 и така се постига съвместимост с всички 

съвременни потребителски устройства. 

 Re-Direction - полезен плъгин, който се използва за 

предотвратяване на грешки 404, ако например адреса на 

дадена страница или публикация е променен - старият 

адрес автоматично ще бъде пренасочен към новия. 

GDPR при CMS  системите 

От 25 май 2018 г. във всички държави-членки на 

Европейския съюз се прилагат нови правила за защита на 

личните данни. Те са уредени в т.нар. Общ регламент за защита 

на личните данни (GDPR). Новата правна рамка въвежда по-

високи стандарти за защита на данните, разширени права на 

физическите лица и нови задължения на администраторите на 

лични данни. 

За тази цел се направи проучване за най-често използваните 

инструменти за спазване на тези  изисквания. 

При WordPress се използват: 

 GDPR Cookie Consent 

 WP GDPR Compliance 

 Cookie Notice for GDPR 

 WP GDPR 

 WebDefender Security – Protection & GDPR 

 GDPR Data Request Form 

При Joomla 

 Kick GDPR  

 PixGDPR 

 Cookiebot for Joomla 

 FavGDPR 

 GetComplied - GDPR Platform 

На фигура 4 е представен сравнителен анализ на активните 

инсталации на GDPR плъгини за Wordpress. 

 

Фитура 4 
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3. Реализирани проекти 

Калкулатор за енергийна ефективност 

Представлява уеб-базиран сайт на компания за енергийна 

ефективност, с вградени платформи и електронни инструменти, 

проектиран и реализиран по всички нормативи уредби в 

областта на енергийната ефективност.  

Използван е креативен дизайн, съответстващ на основната 

цел за енергийна ефективност - намаляване на енергийното 

потребление и вредните емисии във въздуха, водещи до 

глобално затопляне. Анализирани са стандартите и 

изискванията към подобни интернет страници и са разгледани 

софтуернирешения, подпомагащи тяхната реализация и 

валидация. В резултат е реализирана цялостна система с 

вградени платформи на основата на уеб-базиран софтуер, 

удовлетворяващ изцяло нуждите на конкретната компания и 

нейните потребители.  

Разработената система се характеризира с “разширяемост” 

и “управляемост”, т.е. лесно могат да се правят промени и 

допълнения в следващите версии откъм функционалност и 

съдържание. Използван е JavaScript за пресмятането на 

формулите [1]. 

Калкулатор за f-ефект 

Създаден е професионален сайт/портал/, в който 

производителите на консервната промишленост могат да се 

обръщат за консултация, обучение срещу заплащане за 

изчисление на f-ефект при производството на консервната 

промишленост. Калкулатор за f-ефект – проектирана е работна 

версия за онлайн изчисление на F – ефект, който е необходим 

за анализ, дали процесът на стерилизация е протекъл нормално. 

За по подробни изчисления потребителят на уеб порталът се 

обръща, чрез възможността да си заплати директно през 

портала, консултация на стерилизационните процеси в 

неговата компания и евентуално получаване на официален 

документ за контролираните процеси и препоръки за 

подобрение на стерилизационния процес при евентуални 

открити отклонения. 

Креативни разработки на студенти изработени по 

Компютърни технологии за бизнеса в УХТ 

Темата на разработените работи е да се създаде видео 

инструкция, която да отговори на въпроса „Как се пазарува от 

нашият електронен магазин” 

Студентът е успял да създаде сюжет на видеорекламата. 

Успeшно e добавил. оригинални ефекти в края на 

видеоинструкцията. Използваната програма за обработка на 

видеоинструкцията е Power Director 12. 

 

https://youtu.be/F8BBw7vFRqQ 

 

https://carmenaletera.wordpress.com 

 

4. Заключение 

В резултат на обширно изследване се направи извадка с 

най-използваните платформи за уеб разработка и езици, които 

да бъдат приложени в настоящата уеб-базирана система. 

В проектираната, разработена и вградена сложна 

конфигурация от платформи и програмни езици за създаването 

на електронни инструменти за нуждите на консервната 

промишленост се даде акцент на следните аспекти 

1. Сървър в хостинг компания; 

2. CMS – Wordpress, GDPR  плъгини  за Wordpress - 

Cookie Notice for GDPR; 

3. LMS – Moodle – Платформа за електронно обучение; 

4. Java Script – програмен език за разработка на работната 

версия на калкулатор за f-ефект; 

5. Задължително планиране на Защитата на личните данни 

на етапа на проектирането (privacy by design) и по 

подразбиране  (privacy by default); 

6. Сигурност на данните. 

Напредъкът на новите технологии и в частност, развитието 

на уеб разработването довежда до едно ново мислене. 
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1. Introduction 
 

Industry 4.0 is a very widespread term first used at the 

Hanover exhibition in 2011. It has many definitions, and combines 

a large number of different areas and technologies. Now it is often 

used as a synonym for the fourth industrial revolution. 

The development of modern technologies brings this moment 

closer and closer, but there are still quite a lot of tasks. Which 

require attention, most of which are not related to any particular 

area, but to the way of organizing the interaction of these areas and 

integrating them into a single production system. 

The paper considers the definitions for industry 4.0, the main 

areas and problems of their integration, including from the point of 

view of software systems. 

 

2. Definitions of industry 4.0 
 

Industry 4.0 is a fairly new term that includes many different 

areas. For this reason, there is no single definition of it and 

everyone interprets it differently. The wording often depends on the 

point of view of the author and the field that he is considering for 

use in the next generation industry. 

For the first time, the term was used at the Hanover Industrial 

Exhibition in 2011 and denoted the strategy of the German 

government to computerize production, but it was very widespread 

and today is often used as a synonym for the fourth industrial 

revolution. It is believed that the first industrial revolution was the 

beginning of the use of the power of water and steam, the second - 

the use of electrical energy, and the third - the use of programmable 

logic controllers and the development of telecommunications. 

Thus, the definition of industry 4.0 can be given in terms of the 

prerequisites for the fourth industrial revolution, for which it is 

necessary to highlight its main directions. These areas can be 

considered the Internet of things (IoT) and cyber-physical systems. 

Today we are surrounded by a large number of embedded 

systems. They include room temperature controllers, water leakage 

sensors, various car systems. smartphones and more. However, all 

these systems cannot be called cyber-physical. All of them are 

designed as independent devices, and in cyber-physical systems a 

key feature is the integration of devices into a single network [1]. 

Cyber-physical systems can be described as a set of controllers 

to which various sensors or actuators are connected on the one 

hand, and to data transmission networks on the other. In other 

words, this can be seen as a set of embedded systems that can share 

the data and resources that they possess. 

Also, often the definitions are based on modern areas of 

technology development, which also have a significant impact on 

production. This includes autonomous production systems that 

divide production into parts, the management and optimization of 

which can be carried out independently. The desire to store and 

transmit information in digital form leads to the emergence of a 

fully digital environment, which, in turn, opens up possibilities for 

modeling and using virtual and augmented reality. The physical 

reduction in the size of electronic components and the reduction in 

their cost also opens up new possibilities for their application, for 

example, the use of RFID tags in logistics. 

On the other hand, differences in the production of a new 

generation can be determined from a managerial and economic 

point of view. This includes reducing development time, 

personalizing products up to batches from the same model, 

decentralized management and efficient use of resources. 

Thus, 4 main points of view on industry 4.0 can be 

distinguished. which influence the formation of definitions: 

production, business, products, consumers. 

From the production point of view, the key is to connect all 

devices (sensors, robots, conveyors, etc.) to a single network and 

the free exchange of data between them, the ability to automatically 

predict and maintain equipment, etc. various production processes 

have a modular structure, but are interconnected, which leads to the 

fact that decentrally controlled different systems can be controlled 

interdependently. Such an organization is called smart 

manufacturing [2]. 

From a business point of view, industry 4.0 implies a link 

between different companies, factories, suppliers, resource 

managers and consumers. Each part of the production should be 

able to change its configuration in real time in accordance with 

current needs and taking into account maximizing the efficiency of 

use of limited resources. 

Production can also be characterized in terms of production. 

Industry 4.0 implies that each product will have an identifier that 

can carry some kind of information. This allows you to track not 

only the movement of products, but also their condition, as well as 

analyze this data to help optimize the production process. 

And finally, from the point of view of consumers, industry 4.0 

provides the opportunity to order any product modification of your 

choice, even in a single copy and leave the opportunity to freely 

make changes to it even during production. 

It can be noted that it is impossible to choose any one 

technology or property that can be used to characterize industry 

4.0. Each definition on one side or another describes the properties 

that a new generation industry should have, but does so taking into 

account the area to which the author of this definition belongs. 

Such an abundance of definitions leads to the fact that for each area 

a definition can be given in its own special way and that a 

generalized definition should cover all these particular aspects. 

Summarizing the requirements for industry 4.0, we can 

conclude that industry 4.0 generally means a method of organizing 

production, in the form of decentralized managed subsystems 

connected by a single communication network, providing mutual 

reconfiguration depending on the properties of each product unit, 

taking into account efficient use of resources. 

 

3. Areas affected by industry 4.0 
 

In industry 4.0, a large number of different areas are used. 

Some of them appeared not so long ago, and some have entire sets 

of approaches and solutions that are successfully applied in 

practice. In one way or another, they all influence the development 

of modern technologies and, in particular, modern production, 

however, for their complex application, the question arises from 

joint interaction. The following are the main areas [1]. 
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3.1 Big data analysis. 

 
Not only in production, but even in everyday life, there is a 

huge number of devices that produce data volumes at high speed. 

Therefore, there are tasks of storing this data, their processing and 

analysis. Moreover, even the analysis of previously collected data 

can be useful to prevent errors that may occur in the future. For 

example, analyzing some properties of products at all stages of its 

production, it is possible to make changes to the production process 

to improve its quality. 

 

3.2 Autonomous robots. 
 

Using autonomous robots allows you to look from the other 

side at solving many problems. In addition to the fact that they can 

do the work very accurately, it becomes possible to shift other hard 

work to them, and since they are becoming more flexible and 

autonomous, tasks can be not only a hard-coded sequence of 

actions, but high-quality sensors and computer vision allow you to 

make the interaction of robots and humans safe. Often mentioning 

autonomous robots and their use within the industry, robotic arms 

are meant, but this is not true. A large role is assigned to robots 

involved in the movement of goods across the territory of a factory 

or warehouse 

 

3.3 Simulation. 
 

Of course, the simulation of various models of products or 

materials has already been introduced and is widely used, but in 

this context, “simulation” is meant in a broader sense, namely the 

construction of a full copy of the physical environment and 

processes in virtual space. This opens up new possibilities for 

tuning and debugging. Any change or assumption becomes 

possible to check in the simulator before applying these changes in 

the real world. This approach not only saves time, but also safely 

checks changes without stopping the production process [3]. 

 

3.4 System integration. 
 

To date, usually all participants in the production process, 

ranging from resource providers to consumers, are rarely closely 

related. This prevents the creation of automated chains in 

production and creates bottlenecks in the moments of 

communication between its components. 

 

3.5 IIoT (Industrial Internet of Things). 
 

The industrial Internet of things, which is an industrial 

variation of the Internet of things, is also an area that has a 

significant impact on the new generation industry. All devices and 

sensors combined in one network and interacting with each other 

or, if necessary, with higher-level controllers allow for a more 

flexible production process. For example, having equipped each 

product with a unique RFID tag, each production unit can adapt its 

operations taking into account the unique features of the product 

[4]. 

 

3.6 Information Security. 
 

This is one of the very important aspects that often stays away. 

Many companies ensure the security of their systems by making 

them completely isolated, but this approach is no longer applicable 

to industry 4.0. At the same time, often existing solutions aimed at 

the next generation industry are extremely vulnerable to cyber-

attacks. Therefore, with the development of various communication 

protocols between the components of the production system, the 

issue of opposing attacks is very serious. Reliable and secure 

communication approaches are the key to protecting against 

unauthorized access to the production system. 

 

3.7 Cloud computing. 
 

Already, many companies are using cloud software for some 

enterprise applications. In the development of industry 4.0 and 

cloud technologies, they will increasingly be used to deploy 

production systems. This will simplify monitoring and data 

management. And some manufacturers have begun offering cloud 

solutions in the area of production management systems. 

 

3.8 Additive manufacturing. 
 

This term includes an approach to the production of various 

objects from a three-dimensional model by adding layer-by-layer 

material. The most obvious example of this approach is the 3D 

printer. With the development of 3D printing technology, this 

approach has ceased to be used only for prototyping. Now it can be 

used directly even in serial production of parts from various 

materials. High productivity, the ability to manufacture parts on 

one machine and almost any shape finds their application primarily 

in the aerospace industry, making it possible to produce 

significantly lighter, but at the same time, durable components. 

 

3.9 Augmented Reality. 
 

Now technologies of augmented reality are only entering our 

lives, but in the future they should find wide application. Since 

industry 4.0 does not exclude people from the production process, 

augmented reality systems will allow workers to see instructions 

directly in their field of vision using augmented reality glasses or 

work out actions in various virtual situations in the virtual world. 

 

It is clearly seen that part of the described areas has already 

been touched upon earlier when describing industry definitions 4.0. 

This indicates the close connection of all these areas with the 

industry of the new generation. Some of them can be integrated 

quite easily due to the fact that it is a fairly independent solution, 

such as an additive approach to production. At the same time, big 

data analysis, cloud computing and the industrial Internet of things 

are the areas that largely determine the structure of new production. 

The technologies on the basis of which industry 4.0 is built can 

be divided into three subgroups. Technologies aimed at hardware 

changes, technologies aimed at software changes and technologies 

that are located at the intersection. The former includes partially 

environmental recognition mechanisms, communication between 

devices, self-diagnosis of devices, and mechanisms of interaction 

with the environment. Software includes mechanisms for the joint 

behavior of robots, big data analysis, and self-learning systems. But 

the most part, representing the main vector of development, is 

technologies lying at the intersection, the first of which are cyber 

physical systems and the industrial Internet of things. This also 

includes the collection and preprocessing of data, man-machine 

interaction, and, including, augmented reality and simulation. 

Despite the fact that, it would seem, these are mostly software 

solutions, they are closely related to the physical objects of the 

production process. 

Thus, the development of a new generation industry is 

influenced by a large set of technologies that, in their integrated 

use, can ensure the organization of production, called industry 4.0 

 

4. Analysis of problems and approaches to their 

solution 
 

Despite the active development of all areas that make up the 

next generation industry, when implementing industry 4.0, 

problems arise that in themselves in one area or another might not 

arise [5]. 

Modern machines with numerical control (CNC) are used 

everywhere, but their capabilities are not enough for industry 4.0. 

They are a simple automated cell whose only task is to process the 

work piece using some existing set of tools in accordance with a 
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specific program - in fact, a rigid sequence of instructions. Also, 

this cell can include systems of loading, unloading and positioning 

of parts. Such machines, on the one hand, lack autonomy, and, on 

the other hand, the ability to interact with other components of 

production. Such devices should not act on the basis of direct 

instructions received, but be able to make independent decisions 

and negotiate with other devices in production. That is what is key 

in building a self-organizing production system. Research into the 

field of artificial intelligence can bring useful results to solve this 

problem. 

Wireless data networks, when used in industry, are not 

sufficiently prepared to satisfy all the requirements put forward by 

them. Existing solutions either cannot provide sufficient bandwidth 

for intensive transfer of large amounts of data, or they can provide 

it, but are not intended for industrial applications. Perhaps the 

solution may be a hybrid network of a backbone wired network and 

wireless transmitters connected to it. 

Big data analysis is a rapidly developing field today. Indeed, 

with the introduction of cloud computing, in the future, big data 

analytics will be of great value. But the main problem that needs to 

be solved is efficient data collection. That is, it is required to 

determine exactly what data needs to be collected, how it can be 

done, what it makes sense and how to analyze it. For example, to 

identify bottlenecks that reduce overall performance, you need to 

know the time spent on each operation. And an analysis of the state 

of the devices will determine the probability of their failure. 

Computer security is also a big problem for modern 

information systems. On the one hand, it is required to ensure the 

preservation of confidential data, the disclosure of which can lead 

to huge material and reputational losses. On the other hand, it is 

important to prevent the possibility of unauthorized access to 

factory management mechanisms. Today, even using encryption 

and authorization mechanisms, there is no way to create a 

completely secure software system. Even well-known software 

contains various vulnerabilities. Therefore, for the new generation 

industry, it is required to develop special and modern methods, but 

it is also possible to use some classical methods, for example, 

storing especially important information in the company's private 

cloud storage. 

Organization of production. Undoubtedly, today it is possible 

to build almost any conveyor system, but it will have a rather rigid 

structure. A new generation industry is required to have self-

decision-making mechanisms and self-optimization and self-

configuration mechanisms. These mechanisms, in turn, must rely 

on the physical ability to transport work pieces between any 

components of production, as well as the presence of devices for 

manipulating objects, for example, gripping devices. This will 

allow you to dynamically change the route of each product element 

in accordance with the operations required for it. As close as 

possible to these requirements, flexible production systems are now 

available, but they are intended for the production of a certain 

specific family of parts. 

In addition to the technical tasks to be solved for building 

industry 4.0, many problems are caused by the integration of cyber-

physical systems with various business processes. This includes 

interaction with suppliers of materials, delivery of goods, the 

formation of invoices, receipts, waybills, interaction with 

customers, the formation of product specifications, coordination of 

production dates. Each of these stages in each company is 

somehow formed and debugged, but the introduction of all of them 

into a single infrastructure of a new generation industry is not yet 

possible. The solution to this problem should begin by agreeing on 

uniform requirements for data models and the data exchange 

format. 

Internal logistics. This is a large enough problem to highlight 

as a separate item. In industry 4.0, an important point is the ability 

to freely move parts between arbitrary points. It can be machines, 

storage systems or product loading points. Existing solutions using 

mobile robots usually impose strong restrictions either on possible 

routes or on the environment in which this movement is possible, 

for example, a pre-marked floor of a warehouse. To build a flexible 

and self-organizing system requires not only solving the problem of 

moving the robot in a dynamically changing environment from 

other robots, objects and people, but also a decentralized 

mechanism for planning movements. So, a group of robots can 

have a set of logistic tasks next to them that must be completed and 

distributed among themselves. 

The emerging problems can be divided into three groups. The 

first group is hardware problems, which include the 

implementation of communication tools between devices, devices 

and the real world, various mechanical manipulators, and more. 

The second group is the integration of production processes with 

business processes, which includes the interaction of suppliers and 

consumers with the factory, monitoring the production process of 

each product. And the third group is the intellectual mechanisms of 

planning, decision making, changes in production processes and 

self-optimization [6]. 

 

5. Characteristics of industrial environment 

industry 4.0 
 

Any production almost always in itself puts forward certain 

requirements for the environment and structure of the premises. 

This may be the requirements of sterile conditions, the presence of 

various types of doors or locks, while the placement should be 

quite compact, since large areas increase the cost of the factory, but 

it should. The correct geographical distribution of equipment by 

area and the availability of routes between them is a very important 

task, which is complicated by the individual requirements for each 

product and the fact that often different equipment can perform the 

same production steps. Thus, with the internal organization of 

production, the following factors should be taken into account: a 

large number of participants in the production process, a large 

number of production stages, the geographical distribution of 

equipment, processing time at each stage, total processing time, and 

some others [1]. 

When designing the production environment, you can resort to 

modeling the movement of products sequentially through all the 

equipment that must be visited by them. In the sequence, even for 

the same type of product, different equipment can be present, 

which makes it possible to distinguish equipment used in similar 

groups. This will not only determine the frequency of use of the 

equipment, but also the probability of using a particular type of 

equipment for the production of a certain type of product [1]. 

In general, the organization of the production process of industry 

4.0 can be represented as a mechanism for the interaction of several 

types of agents. These are equipment: 

1. Agents, which performs basic operations; 

2. Transport agents, which include autonomous robots, 

conveyors, and so on; 

3. Product agent, which is a product element.  

You can pay attention that the product in this system is exactly 

the same agent as industrial equipment. Moreover, he is the 

initiator of all processing and moving operations [2]. 

To implement this approach, each product instance must have 

its own unique identifier, for example, an RFID tag, which will 

store, including the current state, a list of necessary operations and 

all other necessary information. All devices of the production 

process should be able to read tags from products, and have access 

to a centralized system that can tell what actions are required to be 

performed on the work piece and will track its progress along the 

production line [3]. 

This approach, in which each agent product has complete 

unique information about it, allows you to fine-tune the rest of the 

production process. For example, each engine nozzle has a mark on 

it, in which its individual characteristics and calibration data are 

encoded after testing. Agent equipment that will be engaged in the 

installation of these nozzles will be able to adjust their control 

system according to the properties of each of them [5]. 

The use of various transport agents also complements the 

requirements for the structure of production. The desire for flexible 

production leads to the abandonment of standard conveyor 
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solutions in favor of autonomous vehicles that perform the tasks of 

moving products across the entire production area. The special 

requirements arising in connection with this can be divided into 

requirements for the physical organization of production and for an 

approach to management. From a management point of view, the 

key is the transition from centralized management to decentralized 

hierarchical systems. Thus, the product agent, knowing its weight, 

shape, and so on, can inform transport agents of the need to move 

between two points. Transport agents share this information with 

each other and make a general decision on its implementation. At 

the same time, planning tasks are already shifted to the agent itself. 

Such adaptive behavior of agents allows them to be used in 

dynamic and complex environments [4]. 

Since the agents in the new generation industry are 

autonomous devices, robots, this imposes significant restrictions on 

the organization of the production process. Much attention needs to 

be paid to the perception of robots around the world, both 

stationary robots and mobile ones. For stationary robots, the main 

task is to recognize the object, its position and orientation in space. 

Such problems have attempts to successfully solve using computer 

vision. For example, it is possible to equip each part with a visual 

mark, a code that can be found using the camera and obtain 

information about the part and its position, using this data to 

capture the part with a robot. The same labels can be used to mark 

pallets for goods, places on shelves and so on [3], [7]. 

For mobile robots, the task of perceiving the surrounding 

world is closely related to the task of navigation. On the one hand, 

indoor navigation is facilitated by the absence of natural factors, 

such as rain or fog, but may be complicated not by the uniform 

lighting of rooms, short distances and uniformity of rooms, which 

complicates the task of navigation. Restrictions on the physical 

structure of rooms often depend on the approach chosen to organize 

the movement of mobile robots, but one way or another, most 

decisions are based on some additional layout of rooms. This can 

also be done with visual marks on walls or floors [7], [8]. 

All the properties inherent in industry 4.0 described earlier 

also impose limitations in the design of production. All agents must 

be equipped with monitoring mechanisms that allow real-time 

recognition of their status and various current characteristics. There 

must be a computer network, including a wireless one, supporting 

the interaction of a large number of agents [2]. 

An important feature of the new generation industry is high 

efficiency and low power consumption. This is due to the negative 

impact of a large number of modern industries on the environment 

both in terms of global warming and pollution. Also important 

factors are the reduction in labor force and the desire for more 

careful spending of limited natural resources such as oil, coal and 

so on [9]. 

 

6. Requirements for software systems 

architecture 
 

Structurally, in the architecture of industry 4.0, there are 3 

main levels: physical, network, and cloud. The physical layer is 

represented by cyber-physical systems, devices related to the 

Internet of things. They have digital interfaces with factory 

equipment, including affordable sensors. In addition, equipment at 

this level can receive commands from the cloud level, according to 

which it can configure its work to increase the quality and 

productivity of production. All components of the physical layer 

are connected to the industrial network. The cloud layer collects 

information from the physical layer, analyzes it, passes feedback to 

the physical layer and provides an interface for managing and 

analyzing the state of the factory to the managing staff [2], [5]. 

Since all devices must be able to communicate with each other, 

they must support common protocols. Standards based on Ethernet, 

OPC-UAs may be good candidates even though they do not imply 

real-time transmission. A common interface and connection to a 

single network will allow you to create a connection between 

physical objects and their virtual representation, which in turn will 

make it easy to simulate processes in industrial applications in a 

single form [3]. 

Technologies that play key roles can also be divided into 

several groups: production device technologies, network 

technologies, cloud technologies, and client application 

technologies. Production technologies primarily relate to ways of 

interacting with the outside world, such as computer vision and 

RFID. URLs and the HTTP protocol can be used to unify access to 

various network devices. JSON can be used as a data exchange 

format since it is well compressed and makes it easy to work with. 

A cloud solution for the system user is presented using the Platform 

as a Service (PaaS) model. By viewing statistics and analyzing the 

current state of the factory, users can be provided with a web 

interface or mobile applications [1], [5]. 

An important task is to solve planning problems. In the 

conditions of a new generation industry, this task arises to a large 

extent, including in the matter of logistics. It is required to provide 

mechanisms to support autonomous cargo movement processes. In 

such restrictions, decision-making should not take place centrally, 

but hierarchically. Transport agents should be able to share 

knowledge using communication mechanisms with each other, 

which will allow agents to plan their actions and take into account 

the actions of other agents. In addition, the distribution of tasks 

between agents can also occur selectively. The idea is to combine a 

hierarchical and distributed control mechanism. A certain set of 

tasks can be issued to a certain group of agents selected by some 

criterion (for example, by location), and the final distribution will 

already be performed between the agents independently. The 

advantages of multi-agent systems are high speed, adaptability and 

scalability. Also, this approach is well suited for use in dynamic 

environments [4], [8]. 

Decentralized management, being one of the main ideas at the 

core of architecture 4.0, can also introduce features that should be 

considered. One of these features is the possibility of mutual 

blocking. This can happen, for example, when using 

multifunctional agents. When agent 1 can perform operations A 

and B, and agent 2, operation B. When processing a work piece 

stream, a situation arises in which agent 2 will wait when agent 1 is 

free to transfer to him a work piece on which operation B is 

required, and agent 1 will wait when agent 2 will be freed up to 

transfer to it a work piece on which operation B is required to be 

performed. Just as in the case of preventing deadlocks during 

parallel programming, simulation of the production process and its 

verification with using special software [2]. 

Thus, the software architecture in industry 4.0 can be 

represented in three levels: the device management layer, the 

network layer, and the cloud. Being a distributed system, devices 

must support monitoring mechanisms and network interactions 

with each other, while performing their main functions 

autonomously. 

 

7. Conclusion 
 

In the course of the work, various definitions for industry 4.0 

were considered and a generalized definition was formed. The main 

problems associated with the unification of the areas affected by 

industry 4.0 are considered, and directions for solving these 

problems are also proposed. 

To formulate requirements for the architecture of industry 4.0 

systems, the features of the industrial environment and the 

technology stack have been described, which can be represented in 

the form of three levels: device management, network level and 

cloud. 
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Abstract: The article deals with current situation of design of production lines in modern factories and describes possibilities of 

realization new type of industry lines. The main research deals with proposal of modular production system established from intelligent 

manufacturing cells. Main positive features of suggested structure are possibility of rapid reconfigurability of the production line, easy 

maintenance and possibility of simple and fast design of new production lines, thanks to modularity. To achieve these features in the Industry 

4.0 ecosystem is necessary to use of modern communication methods and technologies, such as wireless industrial communication and IoT 

together with cooperative robots. Moreover, the entire system has to be designed as hierarchical, demand synchronized, flexible and is using 

standardized construct components. 
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1. Introduction 

Over time, the process of manufacturing automation goes 

through different development stages. Basics of contemporary 

automated production were due to inclusion of NC – Numerically 

Controlled machines into the production process. Next level of 

evolution was realization of production lines using CNC, later 

development proceeded then linking them into more complex 

systems – CIM.  

The latest development stage is the Industry 4.0 concept. A 

specific feature of modern production a wide range of products and 

frequent changes in the production process. These tasks are difficult 

to solve using classical automation. Even large manufacturing 

companies tend to pursue short-run production that is maximally 

adapted to a rapidly changing market and customer requirements. 

The solution is to use Industry 4.0 standards, also known as Smart 

Factory (SF). The basis of Smart Factory is the realization of the 

maximum variable production line - a flexible manufacturing 

system. We assume that a modern manufacturing process in 

accordance with Industry 4.0 concept must be able to change 

production quickly. This can be achieved by high modularity of the 

production lines and suggested production system must therefore be 

maximally modular. In addition, modules must be able to carry out 

production operations autonomously (application of intelligent 

production cells) and production becomes decentralized. The 

current method of production control using the central control 

system (CIM) needs to be replaced by another form of control.  

Because production consist from independent intelligent cells, 

synchronization and communication is very important. For 

synchronization in modern production are used modern methods of 

data transfer such as OPC / UA (6), low power wireless 

communication or standards used in the IoT devices, alternatively 

cloud systems.  

2. Theoretical foundation and related work 

Modular and reconfigurable systems are considered a good 

solution to some of the current automation problems. The advantage 

in the implementation of these systems is the versatility of the use 

of robotic cells. You can find a lot of scientific papers, as well as 

practical examples from practice and research on the application of 

modular systems to industrial production. One of the oldest works is 

the publication by Starr (11). He described a modular production 

like a practical concept. His proposal making use of standardized 

and interchangeable parts and organizing manufacturing process to 

satisfy the variety request by producing so called combinatorial 

outputs. The problems confronting the current industrial production 

with the application of the concept of Industry 4.0 describes many 

authors. Prominent recommendations on how to organize the layers 

of connected manufacturing systems are documented in the 

Reference Architecture Model of Industry 4.0 (12) or the Industrial 

Internet Reference Architecture (13), alternatively (5). Another less 

standards-oriented but nevertheless related approach is the Asset 

Integration Architecture (14). 

Authors Gorecky at al. (10) are describing design of modular 

production system and his architecture exactly in accordance with 

Industry 4.0 concept. In publication are defined individual layers of 

the modular system and is described the mechanism of automatic 

product identification in production system using RFID. A way how 

is possible to join modular automatized production line with CAD 

system is described in work of authors Michniewicz, Reinhart and 

Boschert (8). The core of publication is proposal of automated 

assembly planning system for modular production systems based on 

solution independent functional primitives. Conjunction between 

mentioned works (10) and (8) is contribution of authors Műller, 

Esser, Janβen a Corves (1).  They described an approach to simplify 

the programming of cooperating robots, especially for frequently 

changing tasks with various processes in small series. Their 

proposal divides robots at production line to two groups – masters 

and slaves. As a disadvantage of this concept one can say that all 

robots are dependant of the master robot and that the number of 

robots is limited from four (e.g. ABB) to eight (e.g. Motoman) due 

to controller capacity. Similarly cooperation of automated robotic 

modular systems and human operator is solved authors in 

publication (4). Their work is dedicated to a proposal of cooperative 

work of human with modular industry line, describing new way of 

usage of human-machine interface (HMI) and sugesting model, that  

focuses on the human in the production, making him/her the most 

important and flexible asset with a connection to the machines.  

Problems by realization of modular structure for wide variety 

small volume production are described in work (3). In this work the 

team of authors proposes to divide the functional modules into three 

levels of the hierarchy to assure the quality and achieve the wide 

variety of products. Sestak and Rudy in their work (2) describes the 

implementation of a flexible modular system for the production of 

prototypes using CA software support.  

Software is generally an important prerequisite for flexible long 

living automated production systems and is closely connected to 

automation hardware and the mechanics of the production system. 

Heuser et al. in (7) provide an overview of the state of the art in 

software engineering of automated production systems focusing on 

modularity and architecture and to identify the weaknesses as a 

basis for further research.  Theoretical principles for designing 

manufacturing and assembly process structures are formulated in 

(9). The advantage of this approach to process structure modeling 

can be realized especially during the early concept stage of the 

design process.  
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3. Design of modular production system 

architecture  

The modularity of production systems is highly complex matter 

and is dealt with in different areas of production. This work deals 

with proposal of production line structure where the modular 

production is realized by combining subjects – modular production 

cells into larger and complex production line - modular production 

system (MPS). The basic idea is to divide production space into 

related layers according to primary function of specific components 

and the rasterization of the workspace of layers.  

 

Fig. 1 Decomposition of production space into Layers. 

 

Firstly, we decompose the entire structure of the production line 

into four layers. The lowest layer is the base layer – Layer 1.  The 

construction of the base layer (Layer 1) includes grids, which serve 

to secure the supply of energy and the media necessary for 

production process (cooling water, electricity, air distribution, other 

gases and liquids). The main function of Layer 1 is to deliver these 

to modular production cells via defined interfaces. Connection 

interface should be simply, robust and standardized.  

 

 

 

Fig. 2 Connection interface for stations (15) 

 

Second layer in hierarchy of suggested system is represented by 

working surfaces of production modules.  All work surfaces of 

individual production cells will be organized similarly to the base 

layer, in principle.  

Third layer in proposal is made up by transport system of 

product and tools between workstations. The transfer unit is unified 

container. The surface of every container has to be rasterized 

according to other layers. This means that surface of every 

container is divided to chosen raster.  

As mentioned, the basic requirement of realization such a 

system is creating of grid over the surfaces, whether virtual or real. 

The grid must be designed to cover the entire usable area surface, 

has to be symmetrical and should be possible directly access to 

every each cell from the grid.  

There are several ways to divide an area into equal parts. In this 

proposal is used division by squares, but it is also possible to divide 

the surface using other geometric figures or n-angles (triangle, 

hexagon, ..)  

Raster 1 - is localized to basic surface of production system. 

Due to the location of production lines within buildings is most 

effective division to rectangular cells, according to building 

footprint. Raster1 (RAS1) is grid for lowest layer – Layer 1. 

 

 

Fig. 3 RAS1 – division of area into grid cells 

 

All devices anchored to the base layer must dimensionally 

correspond to the grid, which assumes the use of 4-square working 

modules. Because of the precise location of other enabling 

technologies in the work area these must correspond to the division 

of the basic grid too. 

 

 

Fig. 4 RAS1 – example of production space organization  

 

From picture (Fig. 4) is clear not only the location of devices 

and support systems, but also the reserved space for the movement 

of people, space for automatic guided vehicles (AGV) and other.  

As part of the grid is defined safety zone (s) for the safe 

movement of people. Movement of people in this area (and outside 

area) should be monitored due to avoid conflicts between man and 

machine. This means in case if a person leaves a defined zone, 

should come to slow or stop the machine in a particular area. 

AGV movement within the manufacturing process will be 

primarily deployed in selected sectors. Working space of AGV can 

be divided into three groups: 

 movement in areas where a collision with a human is 

not expected (AGV will move in a safe zone) - in the 

picture it is a green zone, 
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 movement in areas where there is excluded collision 

with man and other objects unrelated to traffic (AGV 

will be in its own traffic area e.g. traffic tunnel, 

protected zone - in the picture it is a red zone), 

 movement in areas where under certain circumstances 

threaten collision with man e.g. service intervention 

with human presence - in the picture it is a yellow 

zone. 

 

Raster 2 (RAS2) – as mentioned, in a similar way as the base 

area is divided into individual sectors by means of a grid, is also 

divided the work area of each module. This solution allows the use 

of unified process tools. Technologies or devices will be connected 

to the module desktop according to the expected type of performed 

operation in a particular workplace - robot, drilling equipment, 

screwing equipment, etc.  

 

 

 
Fig. 5 RAS2 – Working cell example with Raster 2 grid – cell working space  

 

Desktop also includes space for media equipment and 

instruments themselves attached to the platform RAS2.  

Raster 3 (RAS3) – is dedicated to product transfer within 

production process. The products themselves will be placed in a 

shipping container, which is due to its standardized dimensions 

form the unique interface within whole MPS. The container is 

defined by its shape and dimensions. For the exact position of 

products within container is localization using the – RAS3, 

similarly like rasters RAS1 and RAS2. 

 

 

Fig. 6 RAS3 – Inner surface of container  

 

In addition, these containers also transport the work tools 

required for the job. The main task of RAS3 is: 

 allow the exact location of the product or tool in the 

container (and in whole system), 

 allow simple and rapid modification of production by 

raster identification of products and tools used in 

manufacturing change. 

 

Raster 4 (RAS4) – rastering of clamping and working surfaces 

of tools. The basic idea of raster identification of key elements is 

applicable even with tools. Rastering of tools using RAS4 offers the 

possibility of their universal use throughout the MPS. 

 

3. Conclusion 

This article introduced an approach for flexible production line 

made of reconfigurable production modules that can be easily 

composed into production lines. Reconfigurability is achieved 

through standardized process components. The main advantage is 

implementation of layers to production system and application of 

rastering to working space division. Thanks to this division is 

possible to simply adapt production process for different products, 

the entire production process is highly variable and thanks to 

obvious defining space for human operators and machines is 

minimized the possibility of collision between operators and 

machines. 
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Abstract: In previous articles, it was shown that for "Industry 4.0" production one of the important tasks is the collection, storage, analysis 

and processing of product data and related design and production procedures. This determines the implementation of PDM, ERP, MES and/ 

or EAM systems at enterprises and the construction of a metasystem based on them - a single digital passport. Its content allows to automate 

the generation of design decisions for timely management decisions, as well as to propose an approach to solve the problem of minimizing 

the impact of the human factor for the tasks of Industry 4.0. Therefore, the work presents the results of the development of the rules for 

choosing the components of a single digital passport for the generation of design solutions based on the principle of building a fuzzy Takagi-

Sugeno-Kang network. The results obtained will allow to formulate a criterion for the similarity of the production object and the design and 

production procedure in the digital environment to the given requirements based on linear approximation methods. 

KEYWORDS: SINGLE DIGITAL PASSPORT, CHOICE OF DIGITAL PASSPORT COMPONENTS, CAD DESIGN SOLUTIONS. 

 

Introduction 
Current trends in the development of engineering and 

technology contribute to the automation of various production 

processes based on the implementation of a new paradigm - 

Industry 4.0. Its main idea is to minimize (up to an exception) the 

influence of the human factor [1]. In this case, one of the important 

tasks is the organization of the collection, storage, analysis and 

processing of data and related design and production procedures [2] 

at all stages of the life cycle of an electronic product (LCP) due to: 

- Implementation of ERP, PDM, MES and/or EAM 

management systems at enterprises; 

- Integration of these systems to organize timely access to 

information for each participant in the product’s life cycle; 

- Determining the types of product data that should be 

generated and stored using the previously mentioned systems; 

- Organization of the uniqueness of the input points of 

various types of product data indicating the types of systems by 

which it is implemented; 

- Determining the sequences of design and production 

procedures at each stage of the product’s life cycle. 

The implementation of this is ensured by the construction 

of a single digital passport at the enterprise, which is reflected in the 

eponymously named methodology [3], proposed by one of the 

authors of this article. The single digital passport is a metasystem 

containing information about the electronic product, as well as 

design and production procedures indicating the types of control 

systems used to implement them, based on the ontological 

approach. This allows to automate the generation of design 

solutions that provide a similar representation of production 

facilities and procedures in a digital environment, and also offers an 

approach to solve the problem of minimizing the influence of the 

human factor for the tasks of Industry 4.0. Thus, the following 

methods were developed: a methodology for generating design 

solutions for CAD, CAD mathematical apparatus [4] and rules for 

choosing descriptions of the components of a single digital passport 

[5]. 

The results obtained were used to develop the rules for 

choosing descriptions of the components of a single digital passport 

based on the principle of constructing a fuzzy Takagi-Sugeno-Kang 

network [6], on which this article focuses on.   

 

 

 

The task of selecting components descriptions of a single digital 

passport for the generation of CAD design solutions 

Thus, the idea of developing rules for choosing 

descriptions of the components of a single digital passport is based 

on the fact that, parameters characterizing the electronic product at 

the stages of its life cycle are determined. That is to say: 

𝑅𝑒𝑞𝑢𝑒𝑠𝑡_𝑃𝑟𝑜𝑐𝑒𝑠𝑠 =  𝑅𝑃1 ,𝑅𝑃2,… ,𝑅𝑃𝑃 , 
where 𝑅𝑃𝑖  – parameters of the life cycle stage of an 

electronic product (𝑖 ≤ 𝑃). 

 

In addition, descriptions of the components of a single 

digital passport are known, 

𝐺 𝐶 =  𝐺1 𝐶1 ,𝐺2 𝐶2 ,… ,𝐺𝐾 𝐶𝐾  , 
which allows to present an electronic product, the design 

and production procedures in a digital environment based on lists of 

components of a digital passport and corresponding lists of 

parameters.  

Moreover, the components of a digital passport are 

formed according to information about the electronic product at the 

stages of its life cycle 𝑅 𝐶 =  𝐶1,𝐶2,…𝐶𝑘  and the requirements 

for the passport 𝑅𝑒𝑞𝑢𝑒𝑠_𝑆𝑦𝑠𝑡𝑒𝑚 = (𝑅𝑆1,𝑅𝑆2,… ,𝑅𝑆𝑆) presented at 

a particular enterprise [4,5]. 

Then, in accordance with the Takagi-Sugeno-Kang 

principle, the rules shaping for choosing components descriptions of 

a single digital passport consists of the following stages: 

1. Shaping the rules for verifying the proximity of the 

option to describe the components of a single digital passport to the 

parameters of the stages of the life cycle of an electronic product. 

2. Verification of the implementation of each generated 

rule. 

3. The choice of descriptions of the components of a 

single digital passport that satisfy the parameters. 

4. Verification of the compliance with the Gauss-Markov 

conditions. 

 

Rules development for choosing components descriptions of a 

single digital passport 

Stage 1. Since the descriptions of the components of a 

single digital passport are given by fuzzy variables, it is possible to 

formulate rules that verify the proximity of the description variant 

of a digital passport component to the parameters of the life cycle 

stage. That is to say, the following set is formed as follows: 

 

 

𝑅1: { 𝑅𝑃1 есть 𝑔11 𝐶1
       𝐴𝑁𝐷 (𝑅𝑃2 есть 𝑔12 𝐶1

     )  𝐴𝑁𝐷…𝐴𝑁𝐷  𝑅𝑃𝑃  есть 𝑔1𝑃 𝐶1
       ; 

𝑅2: { 𝑅𝑃1 есть 𝑔21 𝐶2
       𝐴𝑁𝐷 (𝑅𝑃2 есть 𝑔22 𝐶2

     )  𝐴𝑁𝐷…𝐴𝑁𝐷  𝑅𝑃𝑃  есть 𝑔2𝑃 𝐶2
       ;  

… 

𝑅𝐾 : { 𝑅𝑃1 есть 𝑔𝐾1 𝐶𝐾       𝐴𝑁𝐷 (𝑅𝑃2 есть 𝑔𝐾2 𝐶𝐾     )  𝐴𝑁𝐷…𝐴𝑁𝐷  𝑅𝑃𝑃  есть 𝑔𝐾𝑃 𝐶𝐾       .  

 

Stage 2. Each of the presented rules is intended to verify whether a particular requirement specified by 0 or 1 corresponds to the 

description contained in the digital passport. Regarding this, checks of the following form are performed: 
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𝐼𝐹  𝑅1  𝑇𝐻𝐸𝑁 𝐺1(𝐶1
     ) = 𝑎 +  𝑏𝑗

𝑃

𝑗=1

∙ 𝑅𝑃𝑗 ∙ 𝑔1𝑗  𝐶1
      ; 

𝐼𝐹  𝑅2  𝑇𝐻𝐸𝑁 𝐺2(𝐶2
     ) = 𝑎 +  𝑏𝑗

𝑃

𝑗=1

∙ 𝑅𝑃𝑗 ∙ 𝑔2𝑗  𝐶2
      ; 

𝐼𝐹  𝑅𝐾  𝑇𝐻𝐸𝑁 𝐺𝐾(𝐶𝐾     ) = 𝑎 +   𝑏𝑗

𝑃

𝑗=1

∙ 𝑅𝑃𝑗 ∙ 𝑔𝐾𝑗  𝐶𝐾      . 

 

Therefore, verification of compliance with the rules allows to 

formulate a linear dependance between the requirement - the input 

parameter - and the description taking into account the coefficients 

𝑎 and 𝑏𝑗 , 𝑗 = 1,𝑃. 

 

Stage 3. Then, the choice of components descriptions of a single 

digital passport should satisfy the formula: 

𝐺∗ 𝐶  =  𝛽 ∙ 𝑋 + 𝜀, 

 

where 𝑋 – deterministic matrix of dimension 𝐾 × 𝑃, such that 

𝑋 =  𝑅𝑃 ∙ 𝐺; 

β – column vector containing elements 𝛽 =   𝑎, 𝑏1 , 𝑏2, . . . , 𝑏𝐾 . 
That is to say, the choice of components descriptions of a single 

digital passport comes down to searching the elements of the 

column vector β. 

 

Stage 4. To verify the legitimacy of the submitted statement, 

verification of several Gauss-Markov conditions should be 

performed [7]: 

1) the model is set in the form defined at 

the stage 2; 

2) 𝐺∗ 𝐶   – matrix in the form defined in 

step 3; 

3) Ε(𝜀) = 0;  Ε(𝜀2) = 𝜎𝜀
2. 

Therefore, it is possible to generate CAD design decisions 

based on the similarity criterion specified, using the least squares 

method. 

 

Conclusion 
Thus, the rules for choosing components descriptions of a single 

digital passport have been developed, which allow to generate CAD 

design solutions, which correspond to the search for elements of the 

column vector β. 

Compliance with the Gauss-Markov conditions allows to 

formulate a criterion for the similarity of the production object and 

the design-production procedure in a digital environment to 

specified requirements based on linear approximation methods. 
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Abstract: The goal of this paper is to study algorithm for detection and classification of moving objects based on parameter estimates 

from their GPS signal shadow. The suggested algorithm uses satellite GPS signals to create radio barriers and to detect moving terrestrial 

targets. It can be examined as an algorithm for secondary application of the wireless technologies (SAWT). This technology is extremely 

modern and up-to-date and can find application in Industry 4.0 with regard to the reduction of the electromagnetic radiations. The GPS 

signals included shadow from several moving vehicles, processed in MATLAB environment in order to obtain the estimations of their 

parameters. In IBM SPSS Statistics, Scheffe test is used for classifying the moving objects. The results reveal that proposed signal processing 

of the GPS signal shadow combined with this statistical approach can be successfully applied in practice for object classification. 

Keywords: SIGNAL PROCESSING, ESTIMATION, CLASSIFICATION 

 

1. Introduction 

Intelligent Transportation Systems aim to reduce traffic jam 

occurrences and travel times [1]. They are providing vehicle-related 

statistical data, which are among the key components for future 

smart cities. In order to achieve such information about the current 

traffic flow, the sensor measurement is needed. At the moment, 

there is no existing solution for traffic flow detection and vehicle 

classification that is able to guarantee high classification accuracy, 

low deployment and maintenance costs, low power consumption 

and a weather-independent operation. The paper proposes a solution 

to the task of road traffic data collection with GPS Forward Scatter 

(FS) system and vehicle classification. 

The advantage of this type of data collection system is that it 

does not pollute the radio distribution with additional radio signals 

as well as the presence of GPS signals anywhere around us allows 

to be used worldwide [2-3]. 

GPS FS system, where the GPS satellites are used as 

transmitters, are increasingly becoming popular as an alternative to 

traditional radar systems [4-9]. The GPS Forward Scatter Radar 

(GPS FSR) is a specific case of FSR, where the GPS satellites are 

exploited as “transmitters of opportunity”. In [6-9], the authors 

consider the possibility to detect different targets in bistatic and 

forward scatter radar, which exploit GPS satellites as transmitters. 

A possible algorithm for target detection using the GPS FSR system 

is described in [8], and the detection probability characteristics are 

analytically calculated in [9]. The next few articles [10-12] are 

devoted to experimental measurements made by using GPS L1-

based FSR system and the Software-Defined GPS receiver, 

developed by the Aerospace Department at the University of 

Colorado [13], allowing to observe the geometric shadows (signal 

blocking) of ground objects of different sizes, mobile and 

stationary. In [7] is offered a data mining classification of cars 

based on GPS shadows in FSR system. In [14] is proposed 

algorithm for signal processing of GPS signal shadows combined 

with Machine Learning, which can be successfully applied in 

practice for clustering moving objects in general, and in particular – 

for clustering vehicles in the context of road traffic. 

The current paper uses algorithms for signal processing of real 

GPS signals and parameter estimation of moving objects. 

Algorithms for signal processing are implemented in MATLAB 

environment [18, 20]. In IBM SPSS Statistics, Scheffe test is 

applied for classifying the moving vehicles [17, 19]. It can be 

assumed that possibility to apply signal processing methods and 

statistical analyses will approve object classification. 

The paper includes the following sections: Introduction, Signal 

and data processing, Experimental results, Conclusions, and 

References. 

2. Signal and Data Processing 

The block-scheme of a proposed algorithm for vehicle 

classification based on their GPS signal shadow is shown in Fig 1.  

 

Fig. 1 Signal and data processing 

According to Fig. 1, in the software-defined GPS receiver, the 

phase quadrature component of the signal at the output of the Code 

& Carrier block (Ip) is obtained as a result of execution of a set of 

program files for acquisition and tracking, presented in [10-12]. The 

signal Ip is further transformed as follows: 

2)]max([( xxy  , where )( PIabsx         (1) 

 The SNR of the signal y is further improved by filtering using 

the Moving Average Filter [15, 16]. According to the CFAR 

detection approach based on the criterion of Neyman – Pearson, the 

following algorithm can be used for testing a simple hypothesis H1 

(target is present) against a simple alternative H0 (target is absent): 
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Target detection is indicated if the integrated signal exceeds a 

predetermined threshold [10]. 

The registered GPS signal shadows are characterized by the 

following parameters (Figure 2): 

 

Fig. 2 GPS shadow parameters 

Length of Target Shadow (dT) obtained by the FS GPS system, 

can be approximately related to the physical size and velocity of the 

object. The length of the target shadow in seconds is estimated as: 

                  (3) 

where  T1 and T2 are the beginning and the end of the target 

shadow. 

Peak Signal-to-Noise Ratio (SNR), estimated as the difference 

between the average noise power in dB and minimal value of the 

radio shadow in dB, found in the interval [T1, T2]:   

   (4) 

where Pn is the noise power, Ps is the power of the target 

shadow.  

Mean Power of the Target Shadow (Paver) in dB is estimated as: 

            (5) 

Mean Energy of the Target Shadow (Eaver) is calculated as a 

result of the average power and the length of the shadow in the time 

samples: 

    (6) 

The classification procedure starts with descriptive statistics 

consideration such as number of cases, mean, standard deviation, 

standard error of the mean, minimum, maximum, and 95% 

confidence interval for the mean, summarized the distinguished 

characteristics of the sample. Then One-Way ANOVA technique is 

applied for a quantitative dependent variable by a single factor 

(independent) variable in order to test the hypothesis that several 

means are equal. When One-Way ANOVA and F-tests outline that 

there are statistically significant differences between categories, 

post hoc tests are conducted to identify exactly which means differ.  

Scheffe test for post hoc multiple comparisons is the most 

flexible test that reveals significantly different group means as well 

as homogeneous subsets of means that are not different from each 

other at an alpha level of 0.05 that is why it is preferred in statistical 

analysis [17, 19]. 

3. Experimental Results 

The experimental scenario includes three cars, which are small, 

middle and large ones (Kia Rio, VW Touran, and Opel Vivaro). The 

cars are simultaneously moving in one direction at a velocity of 20 

km per hour. They are moving at 5 ÷ 10 m from each other. During 

the experiment the stationary-based GPS receiver (a GPS recording 

system developed by the Colorado University) records the GPS 

signal, which include shadows from moving cars (Figure 3). The 

distance from the GPS receiver up to the cars is between 2 ÷ 4 m. In 

order to record shadows from vehicles should be selected only such 

satellites that are low located over the horizon. In the experimental 

scenario, this condition for the occurrence of the forward scatter 

GPS effect was fulfilled. The purpose of these experiments is to 

make records of GPS signal shadows from moving objects, at one 

and the same distances from the receiver, which move at the same 

speed for shadow parameter estimation in the time domain. These 

parameter estimates will be used for car classification by Scheffe 

test. 

 
 

Fig. 3 Experiment topology 

In this experimental study, the software GPS L1-based recording 

system (GNSS_SDR) is used to record and store GPS signals from 

different vehicles. The number of signal records for Kia Rio is 105, 

for VW Touran is 96, and for Opel Vivaro is 73. To detect radio 

shadows of moving targets the averaging algorithm is used with an 

interval of integration 200 ms. After estimation of the parameters of 

the GPS signal shadows from three types of cars, statistical data 

processing is performed to classify the moving objects. The 

mathematical expectation and the standard deviation of all 

measured parameters have been calculated for each experimental 

car (Table 1). 

Table 1: Mathematical expectation and standard deviation of shadow 

parameters for three types of cars 

Descriptive Statistics 

Targets 
Length/ 
Height 

(mm) 

Estim.     

Kia Rio 
4045/ 
1455 

Mean 1.21 8.84 2.77 14.85 

STD 0.34 5.17 2.51 16.14 

VW Touran 
4406/ 

1685 

Mean 1.34 10.26 3.80 16.90 

STD 0.28 4.62 2.02 9.12 

Opel Vivaro 
4998/ 

1971 

Mean 1.54 12.68 5.40 29.23 

STD 0.41 4.00 2.42 17.24 

 

The application of One-Way ANOVA makes it possible to 

assess how variations of the independent variable “car type” affect 

the variations in the means of the dependent variables dT, SNR, 

Paver, and Eaver (see Table 2). 
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Table 2: One-Way ANOVA 

ANOVA 

 
Sum of 

Squares 
df 

Mean 

Square 
F p 

 

Between 

Groups 
4.81 2 2.41 

 

 
21.08 

 

 
0.000 Within 

Groups 
30.93 271 0.11 

Total 35.75 273  

 

Between 

Groups 
638.19 2 319.09 

 

 
14.52 

 

 
0.000 Within 

Groups 
5955.61 271 21.98 

Total 6593.79 273  

 

Between 
Groups 

298.34 2 149.17 
 
 

27.53 

 
 

0.000 Within 

Groups 
1468.17 271 5.42 

Total 1766.51 273  

 

Between 
Groups 

9822.91 2 4911.46 
 
 

23.60 

 
 

0.000 Within 

Groups 56403.56 271 208.13 

Total 66226.47 273  

The results show that “car type” as a “factor variable” causes 

significant mean differences in all dependent variables at p<0.001 

and df=2,271: F=21.08 at p=0.000 for dT; F=14.52 at p=0.000 for 

SNR; F=27.53 at p=0.000 for Paver, and F=23.60 at p=0.000 for 

Eaver. F-value reveals that the strongest factor impact is found at 

Paver, Eaver and dT, and less at SNR. Post Hoc Multiple Comparison 

Tests outline statistically significant mean differences, as exhibited 

in Table 3. 

Table 3: Post Hoc Multiple Comparisons 

Scheffe Tests 

 
(I) Car 

Type 

(J) Car  

Type 

Mean 

Difference  

(I-J) 

Std. 

Error 
Sig. 

 

VW Touran 
Kia Rio 0.14* 0.05 0.017 

Opel Vivaro -0.20* 0.05 0.001 

Kia Rio 
VW Touran -0.14* 0.05 0.017 

Opel Vivaro -0.33* 0.05 0.000 

Opel Vivaro 
VW Touran 0.20* 0.05 0.001 

Kia Rio 0.33* 0.05 0.000 

 

VW Touran 
Kia Rio 1.43 0.66 0.099 

Opel Vivaro -2.42* 0.73 0.005 

Kia Rio 
VW Touran -1.43 0.66 0.099 

Opel Vivaro -3.85* 0.71 0.000 

Opel Vivaro 
VW Touran 2.42* 0.73 0.005 

Kia Rio 3.85* 0.71 0.000 

 

VW Touran 
Kia Rio 1.04* 0.33 0.007 

Opel Vivaro -1.59* 0.36 0.000 

Kia Rio 
VW Touran -1.04* 0.33 0.007 

Opel Vivaro -2.63* 0.35 0.000 

Opel Vivaro 
VW Touran 1.59* 0.36 0.000 

Kia Rio 2.63* 0.35 0.000 

 VW Touran Kia Rio 2.04 2.04 0.605 

Opel Vivaro -12.33* 2.24 0.000 

Kia Rio 
VW Touran -2.04 2.04 0.605 

Opel Vivaro -14.37* 2.20 0.000 

Opel Vivaro 
VW Touran 12.33* 2.24 0.000 

Kia Rio 14.37* 2.20 0.000 

*The mean difference is significant at the 0.05 level. 

According to the Scheffe tests, there is a significant mean 

difference at p<0.05 between each couple of compared means, 

except for Kia Rio and VW Touran, with regard to SNR and 𝐸𝑎𝑣𝑒𝑟 

(Table 3). These findings suggest that there are significant 

differences among analyzed moving targets. Means for groups in 

homogeneous subsets are displayed in Table 4-7. The harmonic 

mean of the group sizes is used, because the group sizes are 

unequal. Harmonic mean sample size is 89.18. 

Table 4: Homogeneous Subsets for dT 

Scheffe: dT 

Car type N 
Subset for alpha = 0.05 

1 2 3 

Kia Rio 105 1.21   

VW Touran 96  1.34  

Opel Vivaro 73   1.54 

 
Table 5: Homogeneous Subsets for Paver 

Scheffe: Paver 

Car type N 
Subset for alpha = 0.05 

1 2 3 

Kia Rio 105 2.77   

VW Touran 96  3.80  

Opel Vivaro 73   5.40 

 
Table 6: Homogeneous Subsets for SNR 

Scheffe: SNR 

Car type N 
Subset for alpha = 0.05 

1 2 

Kia Rio 105 8.84  

VW Touran 96 10.26  

Opel Vivaro 73  12.68 

 
Table 7: Homogeneous Subsets for Eaver 

Scheffe: Eaver 

Car type N 
Subset for alpha = 0.05 

1 2 

Kia Rio 105 14.85  

VW Touran 96 16.80  

Opel Vivaro 73  29.23 

 

Based on homogeneous subsets statistics it can be concluded 

that the classification algorithm differs: the three cars into three 

clusters with regard to dT and Paver, but grouped them into two 

clusters in terms of SNR and Eaver due to similar characteristics of 

the small- and the middle-sized cars in our experiment. 
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5. Conclusions
 

In this paper, measuring and classification of moving objects 

based on their GPS signal shadow are obtained. The parameter 

estimations of GPS signal shadow from moving cars are processed 

in MATLAB environment. In IBM SPSS Statistics, Scheffe test is 

used for classifying the moving objects. The results reveal that 

signal processing of GPS signal shadow and statistical technique 

can be successfully applied in practice for classification purposes. 
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Abstract: The development of augmented reality (AR) technologies and the capabilities of modern mobile devices has led to the 

emergence of a new class of AR mobile navigation systems. One of the basic requirement of such applications is device localization and 

precise mapping of the route and other visual objects to observed environment, which requires high accuracy of positioning and orientation.  

This paper addresses the problem of localization precision in AR navigators and proposes general concept of improving accuracy of 

basic GPS-based methods by augmenting them with local device information about its position. Some algorithms and experimental results 

are provided to demonstrate benefits of the proposed method.  

Keywords: AR NAVIGATION, AUGMENTED REALITY 

 

1. Introduction 

Basic GPS navigator is essential application for is available in 

almost every modern pocket gadget. However, there are scenarios 

in which the quality (accuracy) of GPS-based systems is 

insufficient. Depending on the manufacturer and model of the 

smartphone, its built-in GPS module under certain circumstances 

can determine the position with an error in 5 to 50m range, which is 

actually not enough for city navigation especially in AR solutions. 

The most common and easiest way of positioning is to navigate 

solely based on GPS coordinates. However, this method has rather 

low accuracy and cannot satisfy minimum requirements of AR 

navigators especially for precise mapping of routes to video from 

camera in real-time. The following approaches are available to 

minimize positioning errors [1]: 

1. Using recursive filters or probabilistic algorithms, i.e. 

Kalman filtering, based on processing sequences of noisy or 

uncertain measurements over time in order to enhance them to 

statistically optimal values. 

2. Alternative positioning methods based on Wi-Fi, 

Bluetooth or radio frequency (RF) localization. The main idea is to 

determine current coordinates as a superposition of signals from the 

Wi-Fi/Bluetooth/RF beacons.  These methods demonstrate good 

results in indoor and special scenarios with homogeneous networks, 

high quality signal and little noise. However, in outdoor scenarios 

they usually perform worse compared to enchanted GPS-based 

algorithms. 

3. Augmenting GPS-data with extra sources of information 

available in mobile devices.  

Advanced sensor systems of modern smartphones provide 

information about local displacements including changes of 

orientation and acceleration.  This data adds extra degrees of 

freedom to positioning systems and can be used to increase 

localization accuracy. It is important to notice that output values of 

embedded gyroscope, accelerometer, magnetometer and other 

sensory devices have their own errors [2] that should be taken into 

account. 

 Moreover, AR applications use embedded camera enabling 

video-based simultaneous localization and mapping. This 

challenging task especially in outdoor scenarios requires effective 

algorithms and high performance devices or network services to 

process real-time video stream but is very promising. 

Some existing AR-navigators ask the user to adjust starting 

position or mapping manually by dragging and rotating initial 

visualization in order to reduce positioning errors. Manual tuning 

can be avoided by correction of local displacements in 

correspondence with horizontal and vertical surfaces of the real 

world observed by camera of a gadget. In this case, local 

displacements can be determined by comparing images at different 

points in time [3].  This functionality is already available in Apple 

ARKit and Goggle ARCore services [4]. As the navigation speed 

increases, an object tracker [5] should complement image 

recognition from the camera. 

2. Proposed method of positioning enhancement 

Proposed method (Figure 1) utilizes both concepts. Video-based 

localization contributes to local displacement accuracy. In addition, 

evaluation of coordinates of the device on each step consider both 

global positioning data and local displacements: 

POSi+1 = LOCi +(GPSi+1 - LOCi)*BIAS 

where POSi, GPSi, LOCi  - are actual, GPS and local coordinates 

respectively. If video-based localization (AR) is used it is included 

in LOC. 

 

Fig. 1. Visualization of the described algorithm of refined positioning 

Variable BIAS describes the distribution of confidence between 

data from GPS module and local devices and determines relational 

reliability of each source: 

BIAS = RLOC / (RLOC + RGPS) 

where RGPS, RLOC   - are confidence radii of GPS and local 

positioning respectively. Adjusting the value of the BIAS parameter 

to proper values depending on environment and device parameters 

allows to increase resulting accurace and makes the algorithm more 

flexible. 

This general method is implemented in developed AR-navigator 

as SIMPLE and LERP algorithms [1], where LERP algorithm 

additionally corrects rotation angle of local coordinate system on 

each step.  

AR navigation system 

AR navigation application was developed for testing proposed 

algorithms. Visual appearance is presented on Figure 2.  Target 

platform – iOS 12, development framework – d C# 6.0, 

.NetFramework 4.7.1, platform – Unity v.2018.2.12, xCode v.10.1. 

Apple ARKit was used to improve local displacements and map 

routes on real-time video stream from camera. Mapbox toolkit was 

used for 3D map visualization. 
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Fig. 2. Screens of developed solution 

Simulation results 

Proposed solution was tested on iPhone 8 Plus smartphone in 

specially developed simulation mode allowing to study the impact 

of both typical embedded device errors and special cases with 

modified accuracies. Fig. 3 demonstrates algorithms visualization. 

Default GPS accuracy was around 20 m; gyroscope accuracy was 

close to 100%; accelerometer – around 80 compass – in range 95% 

–99%. 

After running a series of over 200 simulations, we received 

following results: average deviation from actual coordinates for 

SIMPLE algorithm was 4,3m and 4m for LERP that is up to 50% 

more accurate compared to GPS. In most cases BIAS value around 

0,4-0,5 provided best results making influence of local and global 

data equal. SIMPLE algorithm has higher tolerance to GPS errors 

but is more influenced by compass errors. In scenarios with 

compass accuracy close to 100%, SIMPLE algorithm outperforms 

LERP, but in all other cases, LERP shows better results.  

 

Fig. 3. Visual comparison of algorithms: dark trajectory - GPS 

coordinates, light – developed algorithms. 

Conclusions 

The proposed method for augmenting classical GPS-based 

localization with additional data from local devices allows 

significant increase of positioning accuracy. Rather simple 

algorithms designed for typical smartphone demonstrate good 

results and are especially useful in AR scenarios. Application in 

mobile robotics[6] looks promising as well. 
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Abstract:  In this paper, it was proposed the experimental identification of the mathematical model of the DC motor, coupled 

with a reaction wheel. It was proposed to approximate the experimental curve with the mathematical model of order 2 inertia, 

identified by Genetic Algorithm. To estimate the mathematical model of the control object it was proposed to use the Genetic 

Algorithm method, the results obtained were compared with the Strejc methods and the results obtained using the Process Model s 

module from System Identification Toolbox from MATLAB. 

KEYWORDS: MODEL, EXPERIMENTAL IDENTIFICATION, GENETIC ALGORITHM, DC MOTOR. 
 

1. Introduction 

Industrial processes can be classified into information and 

technological processes. The operations are carried out at the 

technological installations and involve mass and energy transfer. 

The underlying technological process is the development of electric 

cars, which represent actuators, most often operate on the basis of 

electromagnetic forces.[1-4] 

Depending on the type of electric current that starts the 

engines, they can be classified into: DC motors and AC motors. 

DC motors are the most commonly used motors as actuators in 

control systems because of their linear characteristics and relatively 

simple speed control methods [5]. 

The mathematical model of the industrial process description 

in automation is necessary to solve the problem of regulation. 

Knowing the mathematical model of the industrial process 

requires the use of identification procedures. The identification of 

the industrial processes represents the estimation of the parameters 

and the structure of the mathematical model, ensuring the best 

coincidence of the output signal from the model with the process 

[6]. In the process of introducing the same input signal, where the 

physical process is considered as an entity, seen as a black box 

with unknown internal structure. 

Experimental identification involves the acquisition of 

experimental data in real time. Thus the experimental variation of 

the DC speeds at the reference speed of 8500 rpm is shown in 

figure 1.  

 

 

Fig.1. The experimental variation of the DC speeds at the reference speed of 8500 rpm  
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2. Results and discussions 
 

To estimate the mathematical model of the control object it 

was proposed to use the module Process Models from System 

Identification Toolbox from MATLAB. 

It was proposed to approximate the control object with 

three types of the mathematical models: model of object with 

first order inertia (1) and (4); model of object with second order 

inertia (2); model of object with third order inertia (3)[7-8]. 

 

 

 

 

Where (4) is the approximate model of object with first 

order inertia using Strejc method.  

The comparison of the results is shown in figure 2, where 1 

– curve is experimental curve, 2 - curve is transient process 

obtained for (1) identified model, 3 - curve is transient process 

obtained for (2) identified model, 4 - curve is transient process 

obtained for (3) identified model and 5 - curve is transient 

process obtained for (4) identified model.  

The obtained results do not have a good approximation 

accuracy, and this is shown in figure 2. 

 

 

Fig.2. Transient processes: 

1 – the experimental curve; 2, 3, 4 and 5 – curves, the transient processes of models, 

respectively (1), (2), (3) and (4). 

 

 

For this reason, has been selected a new method of 

identifying the mathematical model through successive iterations. 

A genetic algorithm simulates the evolution of the model to 

produce "offspring" (the next iteration value), that is, the next 

level of setting parameters, with the desired characteristics.  

Process configuration parameters, for example speeds, 

pressures, etc. for each series of tests, they are encoded in series 

of binary digits, called chromosomes. A randomly generated set 

of distinct chromosomes forms an initial population. These 

chromosomes are produced to determine the product 

characteristics that are used to calculate the total capacity of the 

product (which is desirable) that results from the chromosome 

parameter settings [3]. 

Because the pairing of the chromosomes to produce 

offspring is more likely among the parents with a higher strength 

than the parents with a lower decrease, the average number of 

successive generations will increase, and the optimal set of bit 

patterns (or schematics) will be found for the chromosome, from 

which gives the optimal parameter settings[9]. Changes as 

patterns evolve are caused by the two main genetic operators, 

crossover and mutation. In the crossover, a random point is taken 

on the chromosome line, at which the sections are changed after 

the point. 

Also, under a stochastic function there would be a mutation 

of each offspring. This would take the form of the inversion of 

one or more binary digits (bits) at random positions on the 

chromosome string. Since crossover is related to mating and thus 

to test chromosomes, a high probability of crossover will 

encourage the constant climb of the hills to the optimal set of 

parameter values[10-12]. On the other hand, a high mutation rate 

will lead to more searching of the less promising parts of the data 

space. This can be used to optimize problems where a number of 

sub-optimal performance peaks can be avoided [13]. 

In this case, the chromosomes will be considered as the 

parameters k, T1 and T2 of the model of the object of inertia of the 

second order 

 
After 213 iterations we obtain the following values for 

parameters k, T1 and T2: 

k = 1,01517 

T1= 3.9323 

T2= 0.3895. 

The following model of object with second order inertia is 

obtained:  
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The transient process of the model obtained by using the 

genetic algorithm is represented in figure 3. So, we observe a 

relatively good approximation of the model that has the absolute 

error of 1.55%. 

 

 

 

Fig.3. Transient process of the approximate model using the genetic algorithm 
 

 

Conclusions: 

1. In the analyzed case, the process had only 3 controllable 

factors. It is accepted that processes with a greater number of 

controllable factors would involve a larger series and therefore a 

larger number of iterations.  

2. Regarding the efficiency of the genetic algorithm 

method, the experimental identification technique reached an 

optimum of 1.55%, compared to the other methods which have 

an absolute error of more than 10%. 

 

References: 

1. Melnic V., Cojuhari I. Estimation of the mathematical 

model of the dc motor coupled with a reaction wheel. ROMAI 

J., v.14, no.2(2018), 103–112. 

2. Falkenauer, E., Genetic Algorithms and Grouping 

Problems, New York, Wiley, 1998. 

3. Backhouse PG., Fotheringham AF., Allan G. A 

comparison of a genetic algorithm with an experimental design 

technique in the optimization of a production process. Journal of 

the Operational Research Society (1997) 48, 247-254. 

4. Cojuhari I., Izvoreanu B., Tiholaz T., Moraru D., 

Synthesis of Control Algorithms to the Slow Industrial Process, 

SIELMEN-2013, 2013, 108- 111. 

5. Izvoreanu B., Fiodorov I., Izvoreanu F., The Tuning of 

Regulator for Advance Delay Objects According to the Maximal 

Stability Degree Method, CSCS-11, 1997, 179-184. 

6. Mitsuo G, Runwei C, Genetic Algorithms And 

Engineering Design, John Wiley & Sons, 1997. 

7. Oppenheim, A.,  Cayot, L. Effects of small sample 

sizes on the symmetry and reability of dendrograms.  In:   

Janson, J.- Cayot L., ed  A mathematical theory of 

communication. New York: VCH Publishers, 1999, pp. 29-47.   

8. Fiodorov I., Izvoreanu B., Cojuhari I., Synthesis of 

Robust PID Controller by the Maximum Stability Degree 

Criterion, CSCS, 2015, 57-64. 

9. Beasley, D., Bull, D. R. and Martin, R. R., An 

overview of genetic algorithms: Part 1, fundamentals, Univ. 

Comput. 1993, 15, pp 58–69.  

10. Blickle, T. And Thiele, L., A mathematical analysis of 

tournament selection, Proc. 6th Int. Conf. on Genetic 

Algorithms, 1995, pp. 9–16. 

11. Pettey, C. C., Leuze, M. R. And Grefenstette, J. J., A 

parallel genetic algorithm, Proc. 2nd Int. Conf. on Genetic 

Algorithms, 1987, pp. 155–161. 

12. Shin, S., Yoon, H., Jang, J. Big stars have weather too 

[online]. 2011, 10, pp. 178-182. [Accessed: 08.08.2019]. 

Available: https://doi.org/10.1016/j.catcom.2008.08.027  

13. Spectral Database for Organic Compounds, SDBS. 

[online]. [Accessed: 08.08.2019]. Available:  

http://sdbs.db.aist.go.jp/sdbs/cgi-bin/cre_index.cgi. 

 

 

 

INDUSTRY 4.0 2019, WINTER SESSION

237

https://doi.org/10.1016/j.catcom.2008.08.027
http://sdbs.db.aist.go.jp/sdbs/cgi-bin/cre_index.cgi


ARE ACCOUNTING EDUCATORS READY TO EMBRACE THE CHALLENGES 

OF INDUSTRY 4.0 

 
Assoc. Prof. Stancheva-Todorova E., PhD   

Faculty of Economics and Business Administration – Sofia University “St. Kliment Ohridski”, Bulgaria  

e_stancheva@feb.uni-sofia.bg 
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1. Introduction 

Industry 4.0 is changing the structure and scope of accountants’ 

qualification profile by imposing new challenging requirements 

regarding their skills and competences. To feel comfortable in the 

organisation environment of “the digital enterprise” and perform 

successfully their job tasks, accounting experts should transform 

into hybrids with interdisciplinary knowledge and plenty of 

diversified skills and abilities. This interdisciplinary expertise 

should be reflected in their professional education and training. 

Many professional accounting bodies as the Association of 

Chartered Certified Accountants (ACCA), the Institute of Chartered 

Accountants in England and Wales (ICAEW) and the Chartered 

Global Management Accountants (CGMA) have already started to 

change their qualification modules content by introducing 

information technologies and data analytics into the syllabi. 

Accounting educators are also experiencing high pressure to 

enhance the technological content of accounting courses. 

Programmes’ curricula and modules’ syllabi should be adapted and 

continuously linked to the changing labour market requirements and 

employers’ expectations from graduates. 

The paper is inspired by the increasing digitalisation of 

businesses and the impact of technology innovations and their 

augmented application on the accounting higher education. The aim 

of the research is to outline and discuss the challenges for 

accounting educators due to the required knowledge and skills from 

graduates in the Industry 4.0 context. A special attention is given to 

the need for building strong and effective communication and 

information links with the business partners and professional 

bodies. The benefits for universities of becoming part of clusters are 

also discussed in more details. 

 

2. The knowledge and skills profile of Accountant 

4.0 

Due to the increasing impact of Industry 4.0 drivers, one of the 

most important issue when discussing the interdisciplinary skills 

and competences required from accountants in “the factory of the 

future” context, is the identification of the missing knowledge and 

abilities that should be acquired or developed from the profession. 

To manage with the missing expertise, accounting education and 

professional training should be adapted and continuously linked to 

the changing labour market requirements and employers’ demands 

for qualified human resources. 

The knowledge and skills of the future accountants performing 

the finance function in “a digital enterprise” are depicted on figure 

1. The so presented profile is also relevant for the accounting 

practitioners, who should adapt their business models and 

accounting services to the challenges of Industry 4.0 [1]. 

We will discuss in brief few of the skills and competences 

required from accountants working in “the factory of the future”.  

 

 

Fig. 1 Knowledge and skills profile of Accountant 4.0 [2] 

 

Development of digital skills in the technology-rich 

environment of “the factory of the future” [3] is crucial for 

accounting professionals, who should become experts in mobile 

technologies, modern tools for social collaboration, cloud 

computing, digital service delivery, blockchains, augmented and 

virtual reality, etc. Mobile technologies are revealing new ways for 

communication and collaboration within and outside the company. 

Combined with cloud services, they could provide a permanent 

access to company’s financial data for the benefit of the 

management. New customers could be also attracted despite the 

geographical boundaries thus increasing clients’ satisfaction from 

services performed. Social media is now heavily exploited by 

businesses for enhancing collaboration with customers. Social 

platforms as Facebook and Twitter are used as effective tools for 

fast distribution of company’s data among its stakeholders. 

According to a survey, performed by ACCA [4], there are few 

benefits for accountants as improvement of the decision-making and 

productivity, new investment opportunities, the time-saving for the 

month-end processing. Accountants should adapt their work 

performance patterns to this new environment and pay special 

attention to the risk of sensitive data leakage, different financial 

implications and the more strategic role of the finance function 

within organisation. 

Another driver for transforming accounting services in practice 

is the cloud-based accounting software as it is changing the 

traditional way of “keeping the books”. The document flow and 

processing and the time for recording of business transactions and 
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data storage could be optimised. Cloud accounting is providing 

many opportunities for expanding services offered, realising 

efficiency gains and extra profits [5]. In fact, it is a powerful tool 

for strengthening the relationship with clients, gaining a real-time 

access to company’s financial information. Accounting practitioners 

could transform into virtual financial directors and take the leading 

role in the strategic planning of their clients’ businesses because of 

their greater business insights and awareness. Through the delivery 

of digital services, they can improve their own practice - customers 

will be provided with an easy access to company’s statutory and 

management reports, daily operations will be facilitated, and 

efficiency and client satisfaction significantly improved. But the 

successful digitalisation of the business models requires relevant 

digital culture and skills. Accountants could benefit from 

innovations and technological breakthroughs only if they would be 

able to choose and implement the right ones with the most potential 

for accounting service improvements and business expansion. 

The skills associated with the blockchain technologies are also 

related to the required digital literacy from the future accountants. 

The new payment systems and the usage of virtual currencies are 

irrevocably changing the traditional concept of money, methods of 

exchange and the existing business models. Cryptocurrencies offer 

a potential for development as the accounting firms could expand 

their business advisory services and the profession could develop 

new specialisations. The first mover advantage could be exploited 

by offering services that meet the tax and other legal regulations as 

anti-money laundering and counter-terrorism financial rules. On the 

other hand, accounting regulators and standard setting bodies have 

to consider the impact of cryptocurrencies and blockchain 

technology on companies’ accounting and financial reporting and 

develop an adequate regulatory framework to ensure reliable and 

transparent information for users [6]. 

Data analytical skills are one of the keys for the successful 

career of accountants in the data-driven organization. Accounting 

experts could contribute to the improvement of the decision-

making, risk management and strategic business solutions of the 

companies as the big data sets could provide new insights on 

businesses [7]. The profession should be well equipped with new 

job skills for managing the data to be analysed and audited. Data 

quality and security is an issue requiring special knowledge and 

competences. The professional bodies and accounting educators are 

challenged to build such skills through proper education and 

training of their graduates [8], [9]. ACCA, ICAEW and CGMA 

have already introduced information technologies into their syllabi 

[10]. ACCA exams in Business Reporting and Strategic Business 

Leader introduced Big Data, disruptive technology and cyberattacks 

through various business scenarios. CGMA has also added some 

material on Big Data analytics in their 2015 syllabus [11]. On the 

other hand, accounting educators are also experiencing high 

pressure to enhance the technological content of accounting 

courses.  

Accountants also need some new skills associated with robotics 

and artificial intelligence technologies to benefit from their 

deployment and create more value to the company. One of the most 

required skills is the technical expertise in machine learning and the 

depth of knowledge depends on the organisation’s size, investment 

policy and innovation strategy [12]. It is important for accountants 

to understand the significance of quality of the data used. Internal 

control procedures should be implemented to mitigate the risk 

associated with the inherent biases and other limitations of artificial 

intelligence applications.  

By using capabilities of the intelligent systems, accounting 

experts will be able to support decision-making by providing better 

and cheaper data, provide more profound analysis of data and give 

new insights on business. They could focus on more valuable tasks 

after freeing up working time due to artificial intelligence 

applications [13], [14].  

3. Industry 4.0 challenges for accounting 

educators 

Accounting academics are now more than concerned about the 

future of the accounting higher education as its patterns are 

changing as a result of the increasing influence of “the forth 

industrial revolution”. The knowledge and skills profile of the 

future accountant is a real challenge for the accounting educators as 

they have to prepare graduates for the new requirements of the 

labour market. Accounting programmes should become 

interdisciplinary with teaching content delivered from different 

departments [15]. Accounting academics have to develop plenty of 

diversified skills and abilities in students and to take the lead in this 

academic cooperation. For instance, the insight from faculty shows 

that there are few very successful practices of implementing Big 

data competence into the accounting curriculum. One of the 

pioneers among universities, the School of Accountancy at the 

Rawls College of Business, Texas Tech University, has already 

included several core and elective modules on data analytics in the 

accounting curriculum [16]. St. Mary’s University’s Greehey 

School of Business opened a new Bachelor of Business 

Administration degree program in Accounting and Data analytics. 

To meet the employers’ demand and following the best 

international practices, the Faculty of Economics and Business 

Administration at Sofia University “St. Kliment Ohridski” opened a 

new master program in Accounting and Big Data Analytics. The 

interest in the programme is increasing as shows the growing 

number of applicants as well as the support from the business 

partners of the Faculty. The latter started to provide real case studies 

to be implemented into the curriculum and to look for business 

solutions working in collaboration with students from the master 

programme. The cooperation with the business world is expanding 

which we consider as an inevitable process in the era of “the fourth 

industrial revolution”. 

Professional accounting bodies will play an important role in 

the process of adaptation of universities to the challenges of 

Industry 4.0. They have already started to change the content of 

their professional qualification modules by introducing information 

technologies and data analytics into the syllabi. Universities with 

bachelor and master programmes in accounting, accredited by 

professional organisations, have to revise their curricula and 

enhance the technological content of accounting courses in order to 

retain the exam exemptions of the corresponding professional 

qualification. The support from the accrediting organizations is vital 

for universities to meet the challenges of the increasing 

digitalization and technologisation of the business world and to 

adapt their programmes to the continuously changing requirements 

of the labour market.    

 

4. Universities participating in cluster partnerships 

According to one of the recent definitions, a cluster is described 

as “the regional conglomeration of companies that are active along 

a common value chain, including the manufacturers, service 

providers, suppliers, primary customers, research institutes, 

universities and other institutions….” [17, p. 15]. The benefits from 

the cluster partnerships are associated with the networking, access 

to the skills and abilities of qualified workers, easy interaction of 

scientific with industrial community, access to specific and 

expensive infrastructure, know-how, etc. Cluster structures improve 

business environment and cost efficiency, increase investments in 

the region and shorten the distance between producers and their 

customers. Moreover, they stimulate technical innovations and have 

a positive impact on technology development [17]. Hence, clusters 

could be considered an integral part of the Industry 4.0 landscape 

and a driving force for the manufacturing industry.   

“The fourth industrial revolution” is reshaping the existing 

economic structures thus giving universities an opportunity to play 

a new and important role in the local and regional economic 
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development. The author is convinced that not only technical 

universities but also universities, offering programmes in 

Accounting, could become members of technology clusters and 

benefit from such membership. There are many emerging issues in 

the field of accounting, financial reporting and taxation stemming 

from the Industry 4.0 implications on businesses. Such issues may 

not be covered by the generally accepted accounting principles and 

may divert from the common accounting practices. Their solutions 

require theoretical background, scientific thinking and an 

interdisciplinary approach, a combination of knowledge and skills 

that could be successfully provided only by academics.  

There are few benefits for the accounting higher educators to 

participate in clusters. They are summarised in table 1. 

 

Table 1 Benefits for universities, participating in technology 

clusters 

• Access to real case studies that could be implemented into the 

accounting modules to increase their technical content  

• Increase and improvement of practically oriented research through 

publications on “hot” topics from the accounting practice 

• Bridging the gap between accounting education and accounting 

practice 

• Improving the image of the university  

 

There are some prerequisites for an efficient and effective 

collaboration within the cluster partnership, presented in table 2. 

 

Table 2 Prerequisites for an efficient and effective collaboration 

with the other cluster partners 

• Creating an adequate business environment within the university, 

including a special administrative unit within the organisational 

structure, if needed 

• Hiring a staff with the proper knowledge and skills to manage and 

administrate the business communication and collaboration within 

the cluster partnerships 

• Training the academic staff how to build and sustain an effective 

work relationships with other cluster members 

• Building the required technological infrastructure - well-equipped 

computer labs, possibilities for a remote access to cluster partners’ 

information systems and data basis, etc. 

• Developing and regularly reviewing the university internal 

policies and control procedures on data privacy and security to 

mitigate the risk of sensitive personal and business data leakages  

 

Beside the positive side effects for universities, participating in 

technology clusters, there are unquestionable benefits for the other 

cluster members. Some of them are listed below: 

 Access to the knowledge and skills of experts from the 

academia 

 Cheaper solutions of accounting, financial reporting and 

tax issues compared to the traditional use of consulting 

services, external for the cluster 

 Attracting academics for providing internal trainings for 

other cluster partners  

 Attracting successful graduates and talented students 

during their study at university 

5. Conclusion 

Despite the challenges of the expanding digitalisation of 

businesses and exponentially growing technologies, universities 

have to embark the road to Industry 4.0 with confidence. Through 

the constant revision and adaptation of their curricula and syllabi to 

the new requirements of the labour market, accounting educators 

could seize the opportunities of “the fourth industrial revolution”. 

Bachelor and master programmes in accounting should become 

interdisciplinary, with an enhanced technological content. 

Professional accountancy organisations have to support 

universities in the turbulent era of “the digital enterprises” 

providing them with surveys, guidelines, teaching materials, train 

the academics workshops, etc. Academics are required to prepare 

students for a successful career of the future accountant – a hybrid 

with interdisciplinary knowledge and plenty of diversified skills and 

abilities 

The academia and industry could both benefit from cluster 

partnerships. Emerging accounting, financial reporting and tax 

issues, associated with the Industry 4.0 implications on businesses, 

could find their proper solutions within the cluster members 

collaboration. 
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Abstract: The word 'Simulated' means to imitate exactly. Interest is aroused in the pupils through 'Role Playing' while teaching. Simulation 

in teaching has recently entered the field of education. Effective teaching invites students into the discipline and helps them to see and make 

connections between the discipline’s content and their lives. The innovative classification system of teaching methods is singled out as the 

most integrated and effective in the educational process and which promotes the development of professional competence of future 

specialists. The educational system development must be based on the modern advanced concepts, implementation of the new pedagogical 

technologies, scientific and methodical achievements inside the teaching and educational process, creation of the new system of educational 

information support. This paper is presents the connection between simulation models and accounting education. 
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1. Introduction 

For accounting education to regain relevance, continuous 

changes and improvements in the courses of this area are 

necessary. This learning process must keep up with technological 

innovation that occurs among the professional accountants. New 

skills are required to deal with information and information 

technologies systems. The accounting education evolved to fulfil 

business requirements, better prepare students for market 

requests (Yap, Ryan, and Yong 2014) and to thrive in a changing 

environment (Byrne, Flood, and Willis 2002). Accountant 

professionals must research and work with a large amount of 

(disorganized) information therefore students should be active 

participants in the learning process, learning by doing, working in 

groups and being able to locate, acquire and organize 

information. The increasingly dynamic environment in which 

accountants work, required a reorientation in teaching 

accounting. Nowadays it is difficult to do accounting without the 

use of specific software. In graduate courses it is required a first 

contact with professional technologies such as ERPs (Enterprise 

Resource Planning), so students develop their confidence and 

capacity to use of these tools in the real world. 

 

The simulations are created on a problem based learning 

pedagogy, characterized by simulating real situations adapted in 

order to develop learning. This pedagogy highlights the 

importance of questioning allowing students to select and filter 

the essential information for decision making. This competence is 

underdeveloped in accounting education but it is crucial in order 

to be successful. The students work as a team during the semester 

just like entrepreneurs who constantly meet to solve real-world 

accounting problems. 

 

2. Accounting education  

For accounting education to regain relevance, continuous 

changes and improvements in the courses of this area are 

necessary. This learning process must keep up with technological 

innovation that occurs among the professional accountants. New 

skills are required to deal with information and information 

technologies systems. The accounting education evolved to fulfil 

business requirements, better prepare students for market 

requests and to thrive in a changing environment.  

 

The teaching of accounting has been done, mostly, by 

conventional (traditional) or slightly sophisticated teacher-

centered methods rather than modern student-oriented 

applications and techniques while the transmission of knowledge 

and information has been realized with the usual form of lectures 

or discussions. By implementing a student-centered approach in 

the classroom, the hope is to have aself-confident, critical-

thinking student who fully understands the terminology and 

fundamentals of accounting. The role of accounting educators is 

to teach their students communication skills, positive work ethic 

and appropriate professional behavior besides providing them 

with accounting knowledge and skills (Braun & Sellers, 2012). 

 

The modern organizational environment requires professional to 

develop new skills which schools should foresee to train their 

students to do. Skills should include the ability to research a wide 

variety of sources like web searches and to work with a wide 

range of data services. The newest generations of students are 

better familiarized with technologies – they learn to deal with 

mobile phones, tablets and personal computers from an early age. 

Therefore, we must take advantage of these valences to 

implement incremental changes to develop some of their 

strengths such as teamwork, motivation, allowing them to make 

the difference in organizations, developing communication with 

supervisors, and ease with technology. 

 

Problems in Accounting Simulation Teaching are connected 

with: 

 Do not Meet the Real Needs of the Division of 

Business; 

 Teaching in a Single Way; 

 Lack of "Double Teacher" Type of Experimental 

Instructor; 

 Lack of Training for Auditing and Supervision of the 

Original Certificate; 

 No Comprehensive Content Which Can Reflect the 

Latest Accounting Standards System Requirements of 

the Experimental Textbook; 

 No Simulation Simulative Laboratory, and a Full 

Range of Accounting Tools; 

 The Ways to Improve the Quality of Experimental 

Teaching; 

 A Practice Group Includes Four People, Simulate the 

Real Financial Scene; 

 Teaching Model Diversification; 

 Establish a "Double Teacher" Faculty; 

 Teaching Links to Increase the Original Certificate 

Audit, Supervision of the Content; 

 Preparation of Experimental Materials; 

 Establish Accounting Manual Simulation Laboratory, 

Fully Equipped with Accounting Equipment. 

Students recognize reliability in the business simulation model 

proposed. Standard certificate and complexity of tasks are 
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extremely positive aspects, which give them confidence to face 

business reality. The support technologies are a strength factor 

approaching the model to real professional life. The relevance of 

the model grants graduates’ students to succeed in the labour 

market as the cases and technologies learnt are similar to those in 

use by professional accountants. The team of teachers, essentially 

experts beside academics, recognize the efficiency and 

effectiveness of the model, in educating future professionals and 

enhancing the use of technologies to strengthen the acquisition of 

knowledge. Teachers are confronted with a motivating and 

interactive method, although time consuming, particularly on the 

assessment level. 

 

Communication is an important skill for every modern student to 

master. Advances in digital media, changing career landscapes, 

and greater competition in colleges and workplaces makes 

improving student communication skills a must. Cramming tips 

the night before a big interview won’t do the job if students are 

trying to make an impression in the collaborative workplaces of 

the future. When it comes to acquiring indispensable 

communication skills, there’s no time like the present. See the 

fig. 1 to the path to improving student communication skills, 

which can help you immensely with improving student 

communication skills. 

 

3. Simulation methods  

Lean, Moizer, Warren (2015) contend that whilst there is a range 

of literature discussing the benefits of simulations, there is 

limited research evidencing the impact of their use. Earlier 

studies have focussed specifically on the link between simulation 

on experiential learning theories. Aside from the use of 

practitioners within teaching of accounting course, the use of 

simulation is something which over the years has been said to 

increase performance and understanding of the accounting 

subject. 

The interactive methods are modern ways of stimulating 

teaching, representing tools of learning which favor the 

interchange of ideas, experiences and knowledge. Interactivity is 

characterized by the desire for active cooperation and 

involvement with a deep active-participatory character. Learning 

is achieved through communication and collaboration. It is based 

on mutual relationships and it refers to the process of active 

learning, whereby, the learner acts on information in order to turn 

it into new, personal and internalized information. In a 

constructive way, the learner rebuilds senses by exploring the 

environmental / educational environment, solving problems and / 

or using the information gained in new situations. 

With accountants calling for many years for an understanding 

from students beyond knowledge and instead problem solving, on 

the spot thinking and dealing with difficult situations change 

needs to occur at university level. Original accounting courses 

focused on the understanding of concepts and thus this was 

recognised as enough. However, given the shift in practice and 

the situations arising (recent crisis with a focus on auditors) 

which go beyond the application of knowledge and more around 

ill-structured problems and personal skills development 

accounting students with this concept understanding are 

unprepared. Springer and Borthick (2004) call for students to be 

able to construct their own understanding and create solutions of 

their own rather than inheriting their lecturer’s/ training providers 

word. A lack of training results in “dysfunctional behaviour” 

within the audit field impacting audit quality, whereby, through a 

lack of knowledge/competence the auditor may accept “weak 

client explanation”. 

According to the Robinson (2003) methodology, the simulation 

study begins with the system analysis. The aim of this analysis is 

to understand the system, the problem and define the boundaries 

of the study. The result of this analysis will form the basis for 

building the conceptual model. See the figure 1. 

 

4. Results and discussion 
 

The characteristics of a simulation are: participants interact with 

a complexity of situations similar to business reality; with clear 

rules, responsibilities and limitations defined by the teachers 

allowing the participation of students; several strategies can be 

implemented in environment data (such as leadership); and 

students receive feedback on actions taken. This simulation 

learning model has four phases: the first phase is expository, 

involves the teacher presentation of the topics and contents to be 

discussed. In the second phase, teacher explains the rules, 

procedures, evaluation methods, targets and types of decisions 

required. The third phase describes the participation of students 

in the simulation. Finally, phase four involves feedback, the 

students analyse the process and what went wrong, comparing 

the learning experience with real life and making connections 

with content from other courses since it is a multidisciplinary 

learning process. 

 

 
 
Fig.1 The path to improving student communication skills 

 

The simulations are created on a problem based learning 

pedagogy, characterized by simulating real situations adapted in 

order to develop learning. This pedagogy highlights the 

importance of questioning allowing students to select and filter 

the essential information for decision making. This competence is 

underdeveloped in accounting education but it is crucial in order 

to be successful. The students work as a team during the semester 

just like entrepreneurs who constantly meet to solve real-world 

accounting problems. 

 

The following features were added to the simulation learning 

experience:  

 

 Executive briefings 

 Formal business plan and communication of same to 

prospective investors 

 Report to the board (final presentation)  

  Rotation of team leadership. 
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The simulation process in accounting is present on the figure 2.  

Accountants have a competitive advantage over other business 

professionals because they are able to embrace and leverage their 

affinity for numbers and their willingness to examine problems in 

a disciplined manner. The complex and comprehensive business 

simulation seemed to offer an exceptional environment to 

enhance the accountant’s skillset by exploiting their competitive 

advantage which includes their acceptance of numbers, 

methodological analysis and relentless problem solving. During 

the business simulation, the tools of management, including 

accounting and financial data are in continual use.  

Professional accountancy service has not been secured 

adequately for economic developmental needs of the country, 

while the professional training programmes and research are 

neither linked effectively to these needs nor do they portray 

future requirements of accounting. The responsibilities of the 

accountancy profession include ensuring that members are 

professionally competent to meet the needs of the members of the 

public, and not only their clients who rely on their services. 

Secondly, it should ensure that, its members maintain, throughout 

their professional life, the quality of the services and expertise 

that society expects from them. For optimum result to be 

achieved there should be mutual agreement and coherence 

between accountants in academia and those in active practice in 

policy regarding goals, training process and strategies and in 

curriculum content, (Arnold, 2000; Annisette,2012). In the 

classroom we need to provide more opportunities for students to 

think seriously about the legitimate reciprocities that exist 

between business entities and the various constituents that are 

affected by them. 

 

Fig.2 Accounting simulation project 

  

5. Conclusion 

One of the main disadvantage of introducing any new method of 

teaching is the uptake and success, which is often monitored via 

student satisfaction. Studies have identified that effort can be put 

into trying to promote better use of skills as well as 

development of new skills, however, if the student does not 

engage fully in the activity then it is deemed useless. 

Nowadays efficiency is a key factor in the business world. 

Information needs to be relevant and timely used to support 

decision-making capacity. Schools had to adapt and create new 

models of learning and teaching. The presented model of 

business simulation is supported by two kinds of information 

technologies: educational and entrepreneurial. This model 

prepares students for the real world since it uses complex and 

modern technologies, automated procedures, integrates different 

tasks and permanent information with remote control. 

Students recognize reliability in the business simulation model 

proposed. Standard certificate and complexity of tasks are 

extremely positive aspects, which give them confidence to face 

business reality. The support technologies are a strength factor 

approaching the model to real professional life. The relevance of 

the model grants graduates’ students to succeed in the labour 

market as the cases and technologies learnt are similar to those in 

use by professional accountants. 
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1. Introduction 

Information technologies are changing education and 

communication. More institutions, which offer educational services, 

try to digitize their processes. Sometimes the strategy for 

digitization does not work efficiently because display learning leads 

to eyes and mind pressure, and body deformation. Trainees get tired 

very quickly and are unable to learn. The worst method in 

construction or medical education is teaching theory without 

practice. Nevertheless, still, there are universities and schools, 

which rely only on this method and do not make even a tiny step for 

any change.  

The purpose of this article is to suggest a brand-new digital tool 

for education, which combines areas of reality, digital economy, 

virtual economy, multi-dimensional technologies and virtual 

simulation of the real world. We believe that this mobile platform 

can build entrepreneurial skills for entering and surviving in the 

construction sector. To prove our statement, we complete three 

tasks:  

1. To find the problems and barriers in front of digital 

education in the construction; 

2. To explore the psychology of successful entrepreneurs;  

3. To investigate and suggest a new and effective way of 

making construction entrepreneurs via a digital platform. 

2. Problems and barriers in front of digital 

education 

The construction industry in Bulgaria adopts slowly new 

technologies. Reasons include the lack of large investments on 

digital modernization, full ignorance of the technological progress, 

highly traditional education and economy, etc.  

The youth graduate, but they feel uncertain in their knowledge 

and skills. Consequently, they start working something very 

different from their education. The relation between technical 

school/university and business becomes weaker. This alienation is a 

premise for psychological, social, technological and economic 

problems. To hold the youth in the area they have studied, and to 

motivate their advancement is an important topic.  

Digital learning makes students’ dream of distance learning 

come true. The remote study, however, has some disadvantages. 

The form of education causes various problems with the nervous, 

muscular, reproductive, endocrine, exocrine, skeletal systems. 

Authors argue television, computer, Internet, video games, 

smartphones, digital toys harm to children's and teenagers' lifestyle 

and their development (Mustafaoğlu, et al., 2018, p. 15). Pagani, 

Fitzpatrick, Barnett, & Dubow (2010, p. 429) acknowledge that 

early television use drives to undisciplined and passive-aggressive 

behaviour and attitude to learning. Based on their research, we 

believe modern, SMART and efficient appliances and technologies 

can transform the negative impact into a positive one. That way, 

learners could improve their mathematical, reading, analytical and 

digital skills.  

Bingimlas (2009), based on different researchers, proves that 

the traditional environment seems inefficient in today’s education 

(Bingimlas, 2009, pp. 235-245). Some of the statements he uses 

have originated before 18-19 years, but they are still valid. The 

migration increases because of this stagnation. Young people are 

looking for prospects abroad, where they can benefit from modern 

facilities and digital technologies. Both of them ease daily life and 

learning.  

Digitization, however, replaces globalization because the first 

one makes the world limitless. Therefore, here, we see the need for 

a modern learning tool. The method should build strategic thinking 

and professional entrepreneurial skills. Although there are some 

obstacles to its introduction, the new way of study is more agile and 

efficient.  

According to the research of OECD (OECD, 2014, p. 76), 

younger adults are better at using computers than older ones. 51% 

of people aged 16-24 are having a high level of computer skills 

(OECD, 2014, p. 74). As we can trace by the report of the National 

Statistical Institute of Bulgaria (NSI, 2018, p. 17), the number of 

teachers who are older than 55 years is the biggest one (see fig. 1). 

Therefore, here, we can see the first premise for introducing digital 

learning in Bulgarian schools/universities. 

 

Fig. 1  Teaching Staff in General Schools by Age in 2017/2018 School Year  
Source (NSI, 2018, p. 17)Грешка! Източникът на препратката не е намерен. 

 

Media Literacy Days is an event, whose mission is to highlight the 

power of media literacy education and its essential role in education 

all across countries. Bulgaria has participated in the initiative for 

2017 with 55 schools in 36 towns, cities and villages (The 

Bulgarian Safer Internet Centre, 2018).  The high interest shows 

Bulgarian educational institutions work for digitization but, now, 

the necessary funds for full digitization are insufficient in the 

country. On the contrary, in the U.S. the numbers of digital students 

have increased from 2.2mn in 2009 to 10.46mn in 2015 (Kitaboo, 

2015). Despite these statistics, digital schools have not been 

mainstream yet because there are many obstacles for overcoming 

like the infrastructure, resistance to change, content curation, 

technological change, etc. ((Kitaboo, 2015), (Sharma, 2015), 

(Howard & Mozejko, 2015)).  

The developing world still struggles with the lack of IT 

infrastructure that can support large-scale e-books and digital 
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curriculum distribution. Countries with a mature market like the 

United States, China, etc. have access to fast internet. It supports 

large data downloads required for digital books (Kitaboo, 2015). 

We think that scanning hardcopy books and storing them on servers 

are an old fashion comprehension for digital learning. As we saw, 

some researches show that display reading harms pupils’ eyes and 

attention. People have criticized Bulgarian education for years 

because of theoretical learning. Reading too much unlocks 

imagination but locks skills, therefore, we have to seek new modern 

tools that unlock personal and professional competences and 

potential. 

3. The benefits of digital learning in building 

successful entrepreneurs 

Introducing a new way of learning bears a total shift of norms, 

law, regulation, administration, work style, lifestyle, etc. Schools, 

which are good at providing traditional services, could no longer be 

competitive if they do not meet the digital requirements. The last 

one enforces big investments. Besides, teachers, administrators, 

librarians, parents, students, etc. stick in old ways of learning, and 

any attempt for adapting them to digital learning appears a 

challenge. The barrier is not the resistance to change but the lack of 

qualified IT specialists. Hypothetically, if there is a great supply on 

the labour market, the prices fall as well as the size of the 

investment for digitization. Due to the fact, we notice risks, which 

correlate to each other.  

The increasing demand (D) for qualified labour (qL) + its 

decreasing supply (SqL) multiplies inefficient performance (InEP) 

+ total costs (TC). 

↗DqL+ ↘Sql ⟹ ↗InEP+ ↗TC 

The deficiency of good IT cadres and large investment on small 

teams could lead to bad performance and unnecessary and non-

recoverable costs. There are some exceptions, but Bulgarian reality 

shows that the recruited IT specialists are not so experienced and 

qualified to make the anticipated digitization. There were successful 

cyberattacks against some national information systems and 

registries, which is evidence they are not fault-tolerant and secure. 

Consequently, there are many losses and they could cause even 

bankruptcy if those risks are not calculated in advanced to take 

preventive measures. An interactive digital platform for education 

could prevent the tendency for a high number of incompetent 

employers and employees. 

Digitization of the learning processes requires more than an 

ordinary scanning for pure converting existing content of 

documents and books to digital formats. The content of modern 

digital textbooks has to be both dynamic and interactive. The last 

one can be achieved with technologies from the newest generation – 

like 3D – 12D reality, simulation laboratories, etc. These 

technologies are very expensive but much more effective. Each 

country has to use its own technology or to buy from another 

nation. The first option consumes many resources like time, labour, 

energy, etc. All enlisted increase the implementation costs. Rapid 

technological change also magnifies them. Every old technology 

should be updated or replaced by a new one because as Raychev 

(2014, p. 16) mentions, innovations have a life cycle. When new 

products enter the market and they establish there, their quality, 

called “new” or “innovative” ceases to exist (Raychev, 2014, p. 16). 

Therefore, only scalable digital platforms can update their life 

cycle. Scalability allows succession with old technologies/versions 

as well as integration with new ones.  

Education demands for electronic tools for collecting and 

analyzing students’ achievements. Intelligent analytics can help 

detect implicit relations, as well as to organize data in a new way 

that is both comprehensible and useful (Atanasova, et al., 2019, p. 

7). Sulova (2018, p. 241) considers that social networks are one of 

the richest sources of information. A properly selected analytical 

toolkit helps formulate many precise strategies (Sulova, 2018, p. 

248). Therefore, her survey describes some available tools for data 

mining and knowledge extraction. Sulova & Bankov (2019) check 

and approve social media content-based analysis is applicable in 

tourism, and more precisely to say in vacation resorts (Sulova & 

Bankov, 2019). In our opinion, the methods they explore and 

propose would play a key role in an integrated digital platform for 

education.   

Digital learning requires not only new knowledge, skills and 

methods but also a new philosophy of teaching. In order to review 

the new principles, we investigate the key characteristics of a 

successful entrepreneur. 

Josh Downing has a very successful construction business. He 

is the founder and CEO of Direct Movement Group, a multimillion-

dollar custom home building and remodelling business. In an 

interview, he shares; his success is because of combining speed and 

quality in providing different services. Therefore, he hires 

professionals who can do all facets of the construction business. 

They call them working superintendents that manage and do 

working duties throughout each job of the construction process. 

Downing’s experience shows that the money follows the good 

entrepreneur who does not focus on money but focuses on the 

customers and meeting their needs (Bronner, 2016). The quicker the 

team completes a job, the more profit they preserve.  

According to Burns (2013), there are five key factors, which 

characterize successful entrepreneurs. They are open-mindedness, 

strong team, perfection, adaptability, willingness to learn. 

The potential business idea, product or technique should be 

assessed with openness. That requires independence of mind and 

the courage to try something new even if everybody is sceptical. 

Only a strong team can fulfil the realization of new ideas. A team of 

smart, hardworking and responsible people should be formed in 

advance. Successful entrepreneurs are hardworking perfectionists. 

Although they always try to bring new and unique products and/or 

services, it is impossible to devote close attention to every aspect of 

the business. Burns (2013) mentions the good entrepreneurs 

delegate, cut corners and do whatever is required. Delegating, 

however, necessitates well-read and well-bred team. Therefore, 

here, we see another advantage of a good digital platform for 

education. In the construction industry, the functionalities of the 

platform have to be more complicated to prepare skilful people in 

heterogeneous areas. Constructive processes are various and only 

well-prepared architects, engineers, workers, etc. guarantee a nicely 

crafted product or service. If a business has specialists from one 

area, for example, construction bricklayers, the company depends 

on bigger ones, but if it simultaneously possesses good architects, 

engineers, bricklayers, plasterers, painters, cranes, excavators, 

shutters, etc., it has more chances to survive the market. A digital 

platform for education and collaboration is a modern tool for 

achieving that. 

The market and trends are not invariable, so entrepreneurs have 

to adapt themselves. They realize the ground can shift at any time, 

and they have both willingness and ability to make the required 

adjustments when it does (Burns, 2013).  

There are some rigid entrepreneurs, who after putting a 

tremendous amount of time and energy into crafting a business 

plan, it is difficult for them to revise it later to accommodate 

significant new data. On the contrary, successful entrepreneurs are 

always prepared and ready for strategy changes. The last ones learn 

from both successes and failures. They honestly assess the success 

of a business venture and analyze what happened. They strictly 

follow innovations, new tendencies and changes, and endeavour to 

absorb whatever lessons are available. According to Burns (2013) 

constantly successful entrepreneurs are few because very few 

people can master all indispensable qualities. Personalities, who do 

develop and hone these traits, have the potential to excel in 

whatever business they choose to develop (Burns, 2013). 
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The comparative analysis of the successful versus unsuccessful 

entrepreneur is presented in table 1 (see table 1). 

Source: Adapted to Burns (2013) 

 4. Injection of quantum philosophy and multi-

dimension visualization in a digital platform for 

education
Грешка! Източникът на препратката не е намерен.

 

Digital learning is a combination of the complex development 

of all parts from the brain to the body. There are risks new digital 

infrastructures to grow old quickly and not to bring the return on 

investment. To prevent these risks, the new platform should bring 

the technology of the future. It should be simple but prolific. 

We consider that the new infrastructure should operate in 5G 

network in a way even disabled people to build and to contribute to 

life. Some quantum principles are based on the convenience that 

everything is energy and the power of thoughts can create wonders 

(Hobson, 2012, p. 1-2).  

Leibniz (1646 – 1716) describes the world as monads 

(McDonnell, 2016, p. 281). It resembles some comprehensions of 

quantum theory. In his system of metaphysics, monads are basic 

substances that make up the universe but lack spatial extension and 

hence are immaterial. Each monad is a unique, indestructible, 

dynamic, soullike entity whose properties are a function of its 

perceptions and appetites. Monads have no true causal relation with 

other monads, but all are perfectly synchronized with each other by 

God in pre-established harmony. The objects of the material world 

are simply appearances of collections of monads (The Editors of 

Encyclopedia Britannica, 2019). As Bell (2015) says, we rarely pay 

attention to new opportunities because we are too busy to 

contemplate the missed benefits. It is high time to change this 

thinking and people with real physical disabilities to find 

alternatives to look upon new activities even in the construction. 

(Bell, 2015).  

Virtual reality can create a material world. We believe that all 

people with a healthy brain can build their unique world. New 

digital tools, virtual technologies and robots are able to help their 

progress. It is assumed that the realization of these innovative 

technologies is an excessive cost. Therefore, we consider that 

money and time can be alternatives. On the one hand, money can be 

spent for the humankind to receive a revolutionary construction 

change, on the other hand, only time for study and self-study can be 

spent. Labour is adaptable to the situation. For the developed 

countries, the first option is better, but for the developing and the 

non-developed countries, the second option is much better because 

it allows population retention and development.  

Nowadays, software companies make many attempts to digitize 

the world. They offer many software solutions and online training 

platforms, which enjoy much interest that encourages their 

development. Many interactive tools for education are currently 

supplied on the Internet (Edmodo, Socrative, Thinglink, etc. 

(Chauhan, 2018)). Some of them support touch screen, 360◦ videos, 

virtual reality. YouTube influencers and YouTube videos for 

education also enjoy great interest. When we write on YouTube 

“How to make”, the results undoubtedly show viewers’ interest 

(Different Users, 2019). The bigger part of videos have millions of 

views. What we make is to centralize the functionalities that each of 

these platforms offers individually into a single platform that serves 

the needs of the construction industry. 

Our platform has an administrative panel, which is only for 

administrators but it is beyond the scope of this report. The 

customer roles are in four categories – educators, learners, software 

providers and advertisers.  

Target areas are education and business. The main target 

groups are four teachers, students, employers, employees but we 

also endeavour to attract more groups like IT administration, 

freelancers, marketing specialists and anyone with the desire to 

contribute to the platform. Platform users are teachers and students 

from educational institutions, lecturers (successful entrepreneurs/ 

employers) and students (workers/ employees) from the business. 

There are three categories courses: tract builders, speculative 

builders and custom builders. Currently, five modules support their 

needs: 

Module 1: Digital Inclusion – it allows registration and course 

enrollment. 

Module 2: Innovative Teaching – the module consists of 

different innovative tools for interaction with teachers. 

Module 3: Distance Learning – the learning process can be both 

real-time inclusions as well as watching later. 

Module 4: Videos and 3D Simulations for Laboratory – trainees 

can use 3D glasses and visual simulation techniques. 

Module 5: Collaborative Learning in Virtual Environment – 

teachers, organizations and students all around the world can share 

their experience and build a new reality, starting from virtual 

reality, based on Leibniz’s and quantum philosophy. 

Our system supports studying by examples and practice – the 

lecturers or learners share their experience and other participants 

can repeat their steps by using new software and interactive 

technologies. The main tool for practising is via 3D modelling and 

virtual reality.  

The menu, entitled “Quantum field”, helps find new markets. 

The functionality is based on Google maps. It provides the 

opportunity to explore new territories in advanced. That reduces the 

risk of failure for young entrepreneurs, who have the desire to enter 

the construction industry but they are not familiar with the business 

markets.  

The modules allow people, who cannot walk to contribute 

construction industry like projecting, creating and learning their 

own robots to do things instead of them.  

The platform is scalable and it allows integration with any other 

platform, organization, etc. Our creation is both web-based and 

mobile, so that people learn anytime, everywhere (see fig. 2). 

  

Fig. 2  Beam Home Edu – Digital Platform for EducationГрешка! Източникът на 

препратката не е намерен. 

Table 1:  A Comparative Analysis of Тhe Successful Versus an 

Unsuccessful Entrepreneur 

№ Situation Successful Unsuccessful 

1 Potential 

business idea 

Open-minded Bigoted 

2 Teamwork Teamworking Self-working 

3 Changes Adaptive Inadaptive 

4 Problems Every problem is 

an opportunity 

Every problem is a 

barrier 

5 Learning and 

development 

Endless Until the purpose 

has been reached 

6 Failure Motivated to 

progress  

Demotivated for the 

second attempt 
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Source: An author’s project with Bootstrap 

5. Conclusion 

Traditional education methods become less effective because 

information flow is growing and outdated resources are insufficient 

to process it. That reflects on people’s preparation. Individuals 

without digital education are not competitive and even robots can 

replace them. New ways of acquiring knowledge and skills are 

needed but currently used media like television, computer, the 

Internet, video games, software products, etc. influence negatively 

on personal health. On this basis, we propose a complex solution for 

obtaining new knowledge and skills, which benefits from new ICT. 

Modern information and communication technologies connect 

people and knowledge in a network, so a new innovative digital 

platform for education can reinforce connectivity and turn thoughts 

into reality. This is especially applicable in construction, where 

business success requires a variety of competencies in ethics, 

entrepreneurship, teamwork, conquering new territories, quality 

assurance and more. 
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     Abstract: Communication system for measurement systems. Smart measuring devices and communication systems are a modernization 
and upgrading method. The system monitors and controls all activities. It provides an efficient and reliable two-way flow of data and 
information between the company and the users. The basic principle in the construction of smart energy measurement systems is to merge 
the measuring devices into a single remote transmission system to a common database. From a consumer point of view, this means accurate 
and correct periodic reporting and timely information on energy consumption, allowing for adjustments in current consumption and high 
energy efficiency of homes and buildings. Analyzing and comparing different protocols should be systematized for intelligent measurement. 
Defining parameters of the delivery information, message format and service information, control data, contacts with the correctness of 
information and security, such as warranty development and interoperability between services. 

Keywords: NATURALGAS, EQUIPMENT MAINTENANCE, AUTOMATED CONTROL, ENEGY EFFICIENCY. 
 

1.Увод. 

Взаимодействието между устройства, вързани в обща 
мрежа, се ръководи от правила, които се определят в 
техническите спецификации като комуникационни протоколи и 
стандарти. Анализиране и сравняване различни протоколи, 
използвани в системите за интелигентно измерване. 
Протоколите дефинират параметрите на предаваната 
информация, формата на съобщението и служебни структури, 
контролни данни, свързани с коректността на информацията и 
сигурност, като гарантират разбирателство и оперативна 
съвместимост между устройствата. Протоколите, определят 
специфични параметри на физическата среда за пренос като 
честоти и времеви слотове, взаимосвързаност и топология, 
скорост, брой устройства и др. 

За избор на подходящо решение сa детайлно разгедани най-
разпространените протоколи с техните основни функции като: 
предназначение; териториален обхват и използвана честота; 
режими на комуникация; трансфер на данни и структура на 
пакетите и приложението на съответния протокол.  

Основните параметри на протоколите (дължина на 
пакетите/фрейовете,  среда за предаване и работни честоти 
(signaling), режими на работа, мрежова топология, 
двупосочност на комуникацията, честота на предаване на 
данните) ще бъдат представени и сравнени в таблица, за да се 
стигне до заключение за това, кой протокол е най-приложим 
при битовото измерване на потреблението на газ. [1] [3] [7] [10]  

2.Протоколът M-Bus  

("Meter-Bus") е европейски стандарт, разработен за 
дистанционно отчитане на различни видове разходомери (ток, 
вода, газ, топлоенергия), който е широко приложим в 
интелигентните системи за измерване (било то кабелни или 
безжични) в газоразпределението, както и за различни сензори 
и изпълнителни механизми. Важна крачка в неговото развитие 
и утвърждаване като европейски стандарт за “smart мetering”е 
мандата даден на Cenelec, technical committee (TC) 294 за 
изготвяне на общ европейският стандарт за интелигентни 
измервателни системи, резултатът от които е EN 13757 - 
"Communication system for meters and remote reading of meters" 
(M-Bus / Meter-Bus), като постоянните му допълнения се 
опитват да покрият всички аспекти на системите. 

Отделни части на стандарта покриват, както кабелен 
вариант (EN 13757-2 physical and link layer) с двупроводна 
линия с адресиране и отдалечено захранване на разходомерите 
(до 250 броя), така и безжичния wM-Bus (EN 13757-4), на 
базата на които са изградени осналите стандарти в Европа като 
италианския UNI TS 11291, холандския  NTA 8130/DSMR  и 
немския OMS, които от своя страна единствено надграждат 
(без да влизат в противоречие), като специфицират липсващите 
слоеве от OSI-модела при EN 13757. Това прави всички крайни 
устройства съвместими и осигурява така необходимата 
оперативна съвместимост на мрежите. 

EN 13757-1 описва основната комуникация между 
измервателното устройство и централния колектор на данни 
(концентратор) и осигурява общ преглед на комуникационната 
система, а EN 13757-3, описва спецификата на протокола за 
приложния слой. Целта е да се даде възможност да се 
комбинират в една система устройства от различни 
производители. EN 13757-4 включва физическия и каналния 
(data link) слоеве (слоеве 1 и 2 според дефинициата, дадена от 
OSI -Open Systems Interconnection Reference Model). 

Част пета от стандарта EN 13757-5, включва различни 
предложения за препредаване на пакети от данни, за да се 
преодолее проблема с обхвата между отдалечени измервателни 
устройства и колектори на данни. 

Повечето от другите протоколи използват физическия и 
каналния слой на M-Bus и се прилагат като заместител на 
приложния слой и/или добавят допълнителни слоеве. 

EN 13757 се използва главно в Европа с честоти 169 MHz, 
433 MHz и 868 MHz. Той притежава вирок набор от много 
комуникационни режими за гъвкавост и най-пълно 
удовлетворяване на нуждите на избраната схема на отчитане, а 
именно: N, S, T, R, F и С. Всеки режим носи оперативна 
честота, скорост на връзката и обем на предаваните данни. 
Честотата, която се използва най-вече в Европа е 868 MHz. 
Режим N (или тясна честотна лента VHF) работи на 169 MHz, и 
се прилага за комуникация на дълги разстояния. Има версии на 
този режим, които определят еднопосочна или двупосочна 
комуникация.  

Режим S (или стационарен режим) работи на 868 MHz и се 
използва за комуникация между измервателното устройство и 
стационарен/мобилен концентратор на данни. Отново има 
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версия за еднопосочна и двупосочна комуникация. Режим T 
(или режим „честота на предаване”) работи на 868 MHz. 
Използва се за мобилно събиране на данни т.е. четене на 
данните от устройства чрез обхождане с преносим 
дистанционен безжичен четец. При този режим се предава 
много кратко съобщение (frame) на всеки няколко секунди. 
Комуникацията може да се осъществява и в двете посоки. 
Следващият режим R (или режим „честота на приемник”) 
работи на 868 MHz, използва се за мобилно отчитане или 
отчитане с обхождане чрез "слушане" на всеки няколко 
секунди за възбуждащо съобщение от приемо-предавател и 
може да се използва само двупосочно. Режим F (или „приемо-
предавателна честота”) работи на 433 MHz. Активира се чрез 
получаване на „събуждащо“ съобщение от стационарно или 
мобилно устройство и може да се използва само двупосочно. И 
накрая, режим C (или „компактен режим”) работи с честота 868 
MHz и е подобен на режим Т, но изпраща повече информация 
със същата енергия. 

 
Фиг. 1. Сравнение на използваните слоеве при EN 13757 и 

референтния OSI модел. 

Пакетът на безжичния M-Bus протокол се състои от 
няколко блока (Фигура 2). Първият блок съдържа 12 байта, 
следващите блокове могат да съдържат до 16 байта. За всеки 
блок се предава 16-битова (2 байта) контролна сума на текущия 
блок.  

 
Фиг. 2. Формат на стандартен  EN 13757-4 пакет. 

M-Bus протоколът е разработен и оптимизиран, за да 
удовлетвори необходимостта от изграждането на система за 
свързване в мрежи и дистанционно отчитане на измервателни 
уреди, като е най-широко застъпения комуникационен 
протокол в европейски план при изграждането на AMI. Този 
протокол отговаря на специфичните изисквания към системи, 
захранвани от разстояние или с батерии, включващи 
измервателни устройства за битово потребление с изисквания 
за дълъг живот на батерията. [2] [3] [6] 

3.Протоколът ZigBee  

 Безжични комуникационна технология с ниска консумация 
на енергия, предназначена за мониторинг и управление на 
устройства и се поддържа и предлага от ZigBee Alliance. ZigBee 
е спецификация на пакет от комуникационни протоколи от 
високо ниво, използващи малки цифрови радиоустройства, 
базирани на стандарта IEEE 802.15.4., и пригодена за 
реализирането на безжична персонална локална мрежа 
(WPAN). Протоколът ZigBee е стандарт, определен за LR-
WPAN която е проста, евтина комуникационна мрежа и 
позволява безжична свързаност при приложения с ограничена 
мощност и облекчени изисквания за производителност. 

Основните цели на LR-WPAN са лесна инсталация, надежден 
пренос на данни, работа на малък обхват, изключително ниска 
цена, както и разумен живот на батерията, като същевременно 
се поддържа прост и гъвкав протокол. Някои от 
характеристиките на LR-WPAN са: скорост на безжично 
предаване на данни от 250 kb/s, 100 kb/s, 40 kb/s и 20 kb/s; 
работа при свързване тип „звезда“ или „peer-to-peer“ (Р2Р); 
разпределени 16-битови кратки или 64-битови разширени 
адреси; избираемо разпределение на гарантирани времеви 
слотове (GTS); канал за достъп с носеща честота, с множествен 
достъп и избягване на колизии (CSMA-CA); напълно признат 
протокол за надежден пренос; ниска консумация на енергия; 
индикатор за качеството на връзката (LQI); 16 канала в 2,4 GHz 
честотна лента (използвани в световен мащаб); 30 канала в 
диапазон от 915 MHz (използва се в САЩ и Австралия), и 3 
канала в диапазона 868 MHz (използва се в Европа). В 
помещенията радиуса на действие е няколко десетки метри, а 
навън – до няколкостотин метра. 

Важна особеност на ZigBee е възможността да се управлява 
напълно- или частично-свързанa мрежа (mesh), като по този 
начин се разширява обхвата и прави възможно 
самовъзстановяването при ZigBee мрежите. Безжичната мрежа 
ZigBee има уникални свойства да се самоорганизира и 
самовъзстановява, тъй като мрежовите устройства в момента 
на включване самостоятелно формират мрежата, като се 
идентифицират едно с друго. При излизане от строя на някое от 
устройствата мрежата самостоятелно се преконфигурира и 
възстановява и започва предаване по нов маршрут. 

Пакетът на протокола ZigBee е по-малък от тези, които 
използват Wi-Fi и Bluetooth технологиите. Първите два слоя - 
физическа (PHY) и MAC (Media Access) се определят от 
стандарта IEEE 802.15.4, както е показано на (Фигура 3). 
Слоевете над тях се определят от ZigBee Alliance. [5] [8] 

MAC LAYER    (MAC СЛОЙ)

DATA LINK LAYER (DLL)    (КАНАЛЕН СЛОЙ)

APPLICATION   (ПРИЛОЖЕНИЕ)

APPLICATION  INTERFACE   (ПРИЛОЖЕНИЕ- ИНТЕРФЕЙС)

NETWORK LAYER   (МРЕЖОВ СЛОЙ)

PHYSICAL LAYER   (ФИЗИЧЕСКИ СЛОЙ)

ZigBee или OEM 

MAC LAYER    (MAC СЛОЙ) IEEE

ZigBee
Alliance

 
Фиг.3. Сравнение на използваните слоеве при ZigBee и 

референтния OSI модел. 

ZigBee може да използва различни видове фреймове за 
прехвърляне на необходимата информация, като общият 
формат на съобщението е представен на (Фигура 4). 

 
Фиг.4. Формат на стандартен ZigBee пакет. 

 

INDUSTRY 4.0 2019, WINTER SESSION

250



Протоколът позволява както директно адресиране до 
конкретно устройство, така и multicast-съобщения. 

ZigBee мрежата има три основни функционални възела: 
координатор, рутер и крайно устройството. Координаторът е 
сърцето на мрежата, отговаря за нейната инициализация, 
съхраняване на информация за възлите (топологията), 
управление и маршрутизацията на данни до различни точки от 
домейна. В една мрежа от тип звезда, хиперкуб или дърво, 
може да има само един координатор, който обменя данни с 
всяко устройство в мрежата. 

Рутерът поддържа маршрутизиращите функции като 
междинно устройство за свързване на различните компоненти 
на мрежата, които могат да бъдат други рутери, крайни 
устройства или да препраща съобщения между отдалечени 
устройства през множество възли. Маршрутизаторите 
(рутерите) се използват главно при топологии дърво или 
хиперкуб, докато в топология звезда функциите на рутера са 
поети от координатора. При топология дърво, рутер се поставя 
на места, които позволяват на съобщенията да преминават 
нагоре и надолу по дървото, а при хиперкуба (mesh), се 
поставят при възли, през които преминават съобщения.  

Стандартът ZigBee е насочен към домашната и сградна 
автоматизация, системите за сигурност, потребителската 
електроника, компютърните периферни устройства, 
медицинското наблюдение, както и автоматизираните играчки. 
Тези приложения изискват технология, която предлага дълъг 
живот на батерията, надеждност, автоматична или 
полуавтоматична инсталация, възможност за лесно добавяне 
или премахване на мрежови възли, сигнали, които могат да 
преминават през стени и тавани, и ниска цена на системата. 
Освен това, благодарение на съвместното сътрудничество 
между ZigBee Alliance и DLMS UA се съобщава, че е създаден 
метод за предаване на стандартни съобщения DLMS/COSEM с 
предефинирана структура определена за предаване на данни в 
интелигентните енергийни мрежи ZigBee Smart Energy. Като се 
има предвид ниската консумация на енергия, стабилност на 
работата, наличието на евтини ZigBee "комплекти" и 
специфичния стандарт на приложенията за измерване, ZigBee 
има голям потенциал при домашните локални мрежи. 

Независимо от това, ZigBee има ниско ниво на оперативна 
съвместимост, тъй като не всички ZigBee продукти могат да 
комуникират един с друг. Въпреки че е удобен за интелигентно 
домашно измерване, той не е приложим при по-големи 
интелигентни мрежи, поради малкия обхват на действие. [4] [9] 
[3] 

4.Протокол OMS  

Open Metering System е единственият стандарт в цяла 
Европа, който обединява всички комунални услуги 
(електричество, газ, вода, топлоенергия) в единна система. Той 
е разработен от индустриалните производители с цел да се 
създаде в бъдеще унифициран комуникационен стандарт, който 
да позволява оперативна съвместимост между всички 
измервателни устройства. За спецификацията OMS е избрана 
част от съществуващия Meter-Bus стандарт и са добавени 
доъплнителни функционалности. Освен това, криптирането с 
помощта на стандарта AES 128 е въведено като изискване за 
всички безжични и PLC базирани комуникационни канали. 
OMS може да се използва като приложен слой на wM-Bus. 
Използват се следните режими на wM-Bus: S, C, и Т. 

За предаване на данни между действителните измервателни 
устройства и концентратора на данни (например MUC), OMS 
се базира на физическия и каналния слой на жичен и безжичен 
M-bus, дефинирани съгласно EN 13757 (Фигура 5). 

Разширените функционалности включват слой за 
автентификация и слой за фрагментация, които са въведени от 
специални Cl-полета. Приложният слой има фиксирана 
структура на пакета, описана в EN 13757-3 и той може или да 

използва транспортния протокол на приложния слой или 
алтернативно да използва други приложни протоколи като M-
Bus (с някои ограничения), DLMS или SML. Слоевете за 
автентикация и фрагментация осигуряват три основни 
функции: фрагментация на дълги съобщения в множество 
части от съобщението; код за автентичност на съобщенията; 
брояч на съобщения, който се изисква за Key Derivation 
Function. Този слой се прилага, ако се изисква поне една от 
тези функции. [10] [3]  

 
Фиг.5. Сравнение на използваните слоеве при ZigBee и 

референтния OSI модел. 

Стандартът ISO/IEC 14543-3 = EN 50090 (KNX) се 
поддържа за предаване на данни между измервателните уреди 
и сградната автоматизация или домашни дисплей . 
Дистанционната комуникация се осъществява с доказани 
интернет стандарти, при което трансферът се извършва, 
директно чрез DSL връзка в дома, чрез мобилни безжични 
мрежи (GPRS) или чрез силови линии с така наречените PLC 
технология. 

5.Протоколът DLMS/COSEM  

DLMS/COSEM (Device Language Message Specification / 
COmpanion Specification for Energy Metering) е друг широко 
използван комуникационен протокол за интелигентни 
измервателни устройства, поддържан от IEC TC13 и WG14. 
Серията от стандарти IEC 62056 специфицира DLMS като 
световен стандарт, фокусиран основно върху електроенергиини 
системи, приет от международни, регионални и национални 
организации по стандартизация. (TC) 294 адаптира DLMS и го 
използва като основа за развитие на EN 13757 за 
имплементация извън електроенергийни мрежи. 

Стандартът DLMS/COSEM се основава на принципа на 
единен общ информационен модел и приложен слой, който се 
използва в рамките на комуникационната среда. Този принцип 
е отражение на факта, че стандартите за модела на данни са 
съобразени с практиката, докато стандартите за предаване на 
данни са съобразени с технологичната еволюция. 

Режимът Q на wM-Bus поддържа точна синхронизация по 
време и позволява поддържане на DLMS/COSEM. Протоколът 
DLMS/COSEM може да работи с M-Bus по два начина: 

Основен акцент за протокола при пренос на данни е нивото 
на сигурност. DLMS е с приложен слой, силно адаптиран за 
измервателната индустрия. Затова сигурността на DLMS е от 
решаващо значение за общата сигурност на AMI (съвременните 
интелигентни измервателни системи) и бъдещите интелигентни 
мрежи (Smart Grid). DLMS/COSEM предоставя две основни 
функции по сигурността на информацията: за достъп и за 
пренасяне на данни. Едната от тях, Role bases authentication, 
управлява данните, съхранявани от DLMS/COSEM сървъра. 
Другата, Message Confidentiality & Integrity, позволява да се 
прилага криптографска защита на Application Protocol Data 
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Units (APDUs). Съвременните функции за защита на достъп до 
данни и преноса на информация, са базирани на доказани 
криптографски стандарти, гарантиращи изцяло сигурността 
между интелигентните измервателни устройства и head-end 
системата. [3] [9] 

6.Протокол DSMR.  

Водещият модел за изграждане на инфраструктурата за 
интелигентно измерване за битови потребители в Холандия е 
NTA 8130 (Netherlands Technical Agreement), и представя 
виждането на работна група от местния институт по 
стандартизация за минималните изисквания за интелигентно 
измерване на битови потребители. Стандарта е един от 
основоположните в областта, като неговата първа версия 
излиза през април 2007 г. по искане на министерството на 
икономиката в Холандия. 

DSMR е изграден като разширение на приложния слой на 
протокола M-Bus. Изискванията, които са добавени, са главно 
по отношение на инсталиране и поддръжка, качество и 
експлоатация. Асоциацията на операторите на енергийни 
мрежи в Холандия е отговорна за координиране на процесите 
на стандартизация, тръжните процедури, разработването на 
продукти и планирането на фазите на внедряване на 
„интелигентното” измерване. 

Като част от NTA-модела (Фигура 6) са дефинирани пет 
комуникационни порта: 

Порт P0 - за комуникация с външни устройства (например 
ръчен терминал) по време на инсталацията и 
преконфигурацията на измервателното устройство на място; 

Порт Р1 - за комуникация между измервателното 
устройстро и един или повече други сервизни модула, но не и 
за изпращане на данни към системата за измерване; 

Порт P2 - за комуникация между системата за измерване и 
1-4  измервателни инструмента и/или системата на оператора 
на мрежата. През P2 разходомерът на газ комуникира със 
системата за измерване; 

Порт P3 - за комуникация между измервателната система и 
централната система за достъп (Central Access System (CAS)); 

Порт P4 е порт на CAS, който независимите доставчици на 
услуги и мрежовите оператори могат да използват, за да 
получат достъп до системата (CAS). [1] [2] [8] [7]  

Доставчик

Фирма, оператор
на мрежата

Система за
измерване 

Други модули
(подсистеми)
за измерване

Е

Газ W/T

P1 P4

P0

P3

P2

Независим 
сервизен оператор

Система
за достъп

    Фиг.6. Комуникационни портове на DSMR-модела. 

За комуникация на газ-разходомера със системата чрез порт 
P2 е дефиниран радиочестотен комуникационен протокол като 
безжичен M-Bus (EN 13757-4 с определени разширения) в 
честотен диапазон 868 MHz. Режимите, които могат да се 
използват от този протокол, са T, S и R. За жични връзки се 
използва жичният протокол M-Bus (EN 13757-3 с определени 
разширения).  

7. Протоколът KNX  

Световен стандарт за интелигентно управление на сграда и 
за сградна автоматизация. KNX е резултат от съвместните 
усилия на три европейски консорциума, работещи върху 
системи за домашно и сградно управление, а именно Batibus, 

EIB и EHS. KNX е стандартизиран в ISO/IEC 14543-3-х през 
ноември 2006 г. KNX осигурява приложни модели за 
разпределена автоматизация, конфигуриране, схеми за 
управление, описание на устройства и комуникационна 
система (среда и набор от протоколи). Възможна физическа 
среда за комуникация са усукана двойка кабели, RF, 
IP/Ethernet, PLC. Всяко устройство има сертифициран модул за 
присъединяване (Bus coupler unit), който е монтиран на 
гейтуей, дисплеи и сензори. 

За управление на мрежовите ресурси, KNX използва двете 
комуникации „point-to-point“ (точка с точка) и „multicast“ 
(предаване към всички точки). Когато устройство/точка 
генерира данни (вход, изход или параметър), то на него му се 
дава мултикаст-адрес (разрешение за предаване). След това 
други точки, отговарящи на адресите в домейна ще получат 
актуализации. Така всички локални приложения в група 
образуват така нареченото "разпределено приложение". За 
конфигуриране, KNX определя три режима: системен, лесен и 
автоматичен. Системният режим позволява сложни структурни 
настройки, но се нуждае от отделен „конфигурационен мастер“ 
(като собствен софтуер) и добре обучени инсталатори, докато 
автоматичният режим е подходящ за инсталиране от крайния 
потребител. Някои устройства поддържат повече от един 
конфигурационен режим. Стандартът KNX има също така 
предварително дефинирани групи от функции за много общи 
приложения, наречени профили.  

 8.Заключение. 

Всички анализирани протоколи имат своето приложение в един 
проект за „интелигентно” измерване и избирането на единен 
протокол трябва да бъде внимателно обмислено, поради дългия 
очакван живот на системната архитектура и крайните 
устройства. Внедряването на крайни устройства, използващи 
EN 13757 за физическия и канален слой значително би 
намалило риска и би осигурило бъдещата оперативна 
съвместимост с нови спецификации като OMS и DSMR, които 
се предвижда да навлизат все по-масово на пазара. 
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Abstract: Tools, which are used while carrying out of the individual managerial functions are constantly evolving and responding 

to the changes of outer environment. In current conditions the most significant factor, which effects business environment, is Industry 4.0. It 

is a phenomenon associated mainly with automatization, digitalization and the Internet of Things. The main aim is to identify changes in the 

application of methods and techniques in carrying out of the individual managerial functions in the context of the impact of the Fourth 

industrial revolution on the theoretical level, based on a research of available scientific literature. The results of the theoretical research 

point to the fact that the topic of industry 4.0 is new in the context of management, and the research does not have any influence on the 

individual managerial functions, which are planning, organizing, controlling, human resources management and leadership. Most of the 

scientific work focuses on the field planning, organizing and controlling.  On the other hand, not mentioned are the functions like human 

resources management and leadership, within the effects of the Fourth Industrial Revolution on the tools and methods, which are used for 

the implementation.  
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1. Introduction 

 Technological progress at the end of the 18th century 

caused the introduction of steam or water-powered production 

machines. It was the period we call the first industrial revolution. 

The Second Industrial Revolution at the beginning of the 20th 

century introduced electricity and mass production, which was used 

to power the machines. The beginnings of the 1970s were 

groundbreaking in electronics and information technology, which 

formed the basis for production automation. However, we are now 

in the midst of the Fourth Industrial Revolution, which is 

characterized by its exponential pace compared to the linear pace of 

previous revolutions. The depth and range of the changes indicate 

the transformation of management and production systems. This is 

enforced by emerging technological developments, particularly in 

areas such as autonomous vehicles, the Internet of Things, artificial 

intelligence, nano-technology, robotics, biotechnology, energy 

storage, material science, and quantum computing.  

Nowadays, technological development and innovation 

play an important role in every business. This is mainly reflected in 

increasing of the competitiveness of any kind of a business. It is the 

fourth industrial revolution, that will lead to possible changes in a 

number of areas, which will even go beyond the industrial sector. 

This can be summarized by professor Klaus Schwab, who is the 

founder of the World Economic Forum. He stated, that there is a 

need to form a comprehensive and global view of how technology 

affects human lifes, how it transforms economic, social, cultural and 

human environments. There has never been time for greater hope or 

greater danger in the past. 

2. Industry 4.0 

Each one of industrial revolutions has brought advantages and 

challenges for social-economic status of countries, which got 

involved in such a transformation. For example, Great Britain led 

the first industrial revolution, when the first steam engine was 

invented. The second industrial revolution was mainly caused by 

the United States with revolution in communication. In the third 

industrial revolution, the main key factor was the internet. The 

internet has changed the world economics and we expect, that this 

transformation will continue with Internet of Things. Industrial 

revolutions led into economic growth, increased productivity and 

better life standard. However, the distribution of wealth in the 

developed countries was not done fairly. Inequality became on of 

the main challenges as well as climate changes and with other 

questions of sustainability. The fourth industrial revolution is not a 

exception compare with other industrial revolutions, but it is 

expected, that it will bring huge advantages and many challenges.  

Industry 4.0 points to a new phase of industrial revolution, that 

is mainly focused on connection, automatization, machine learning 

and Big data in real time. Industry 4.0, sometimes referred to as 

intelligent production, deals with production and operations with 

intelligent digital technology, machine learning, so that complex 

and better interconnected ecosystem for societies could be formed. 

Even though every company or organization is different, they all 

face a similar challenge – a need to connect processes, partners, 

products and people in real time thanks to physical and digital 

technology.  

Growth of new digital industrial technology represents 

transformation, that enables to collect and analyze information 

among machines, which causes faster, more flexible and more 

effective processes for the production of more quality products with 

low costs. This production revolution increases productivity, 

strengthens economics, supports industrial growth and changes the 

profile of manpower. The end result is that it changes 

competitiveness of companies and regions. It leads to higher 

effectivity and it changes the traditional production relationships 

among suppliers, producers and customers, as well as relationships 

among people and machines.  

The following table 1 shows nine technological trends, which 

are “building blocks” of Industry 4.0 according to the Boston 

Consulting Group.  

 
Table 1:  Nine technological trends 

Technological trend Description 

Big Data and analytics The collection and 

comprehensive evaluation of 

data from many different 

sources - production facilities 

and systems, as well as 

enterprise and customer 

management systems - will 

become the standard for real-

time decision support. 

Autonomous robots Autonomous robots integrate 

among people and learn from 

them. These robots are a 

cheaper version and have more 

options than those, who are 

used in production today.  

Simulation Computer simulations are used 

to determine the best possible 
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design of production and 

distribution systems. 

Horizontal and vertical system 

integration 

Thanks to Industry 4.0 will be 

companies, departments, 

functions more cohesive, 

because universal data 

integration networks are being 

developed. 

The industrial Internet of 

Things 

The way of connecting 

machines and people at work. It 

is a network of a large number 

of communication technology 

interconnected devices that 

leads to systems that enable 

monitoring, collection, 

exchange, analysis and valuable 

new knowledge. 

Cybersecurity With increased connectivity 

and the use of industry-standard 

communication protocols, 

which are connected with 

Industry 4.0, the need to protect 

systems and production lines 

from threats increases 

dramatically. The result is to 

ensure safe and reliable 

communication. 

The cloud Method of storing and 

accessing data and programs 

via the internet. 

Additive manufacturing Also known as 3D printing, 

which is used to produce 

prototypes and individual 

components. 

Augmented reality These systems are currently 

being developed, but their 

importance is expected to 

increase in the future. 

Augmented reality aims to 

provide real-time information 

to improve decision-making 

and workflows. 

 

3. The managerial functions  

Under the term management according to Drucker we 

understand the process of coordinating the activities of workers to 

achieve results, that cannot be achieved by individual work. 

Management is therefore a process through which we strive to 

achieve our goals in an effective and efficient way with the help of 

basic management functions, which are planning, organizing, 

controlling, human resources and leadership.  

Planning is an essential management function. It deals with the 

development of the future procedure and decides in advance on the 

most appropriate steps to achieve the set objectives. It decides in 

advance what to do, when and how. It overcomes the gap where we 

are and where we want to be. Organizing is a process based on 

combining physical, financial and human resources and developing 

a relationship among resources to achieve organizational goals. The 

right organizing requires a needed amount of raw materials, tools, 

capital and people. The main function of controlling is measuring of 

results according to standards and correction of deviations, in order 

to ensure achievement of the goals of the organization. The purpose 

of controlling is to ensure, that all of the activities have been 

conducted in accordance with standards. Controlling represents 

preliminary verification, if the steps are being carried out correctly 

in a such a way to reach a final goal. The human resources are one 

of the managerial functions, within which the organizational 

structure is filled. In the last years employment is gaining higher 

meaning, due to technological progress, increased the size of 

companies and complexity of human behavior. The main purpose is 

to assign a workplace to each of the employees. Leaderships is 

understood as the art. Managers must possess leadership skills, 

provide people with an attractive vision, be enthusiastic about it, 

and then acquire them as followers. The purpose is to influence 

individual attitudes with the aim of achieving the desired behavior 

to meet the set objectives.  

For theoretical purposes, it is advantageous to separate the 

individual managerial functions, with a purpose of better defining 

each of them. However, from a practical point of view the 

managerial functions overlap and interact with each other.  

4. Results and discussion 

 Success of Industry 4.0 is encouraged by innovative ability of 

the company. In order to be able to call a company “smart”, it is 

needed to obtain sufficient quantity of intelligent human capital, to 

ensure environment for education and innovation, which requires 

appropriate managerial approaches. Not enough attention is being 

dedicated to management. It is needed to realize, that is inevitable 

to develop abilities for successful managing business models and 

product portfolio for easier acquirement of potential trades and 

acquiring of new customers, as well as improving of processes and 

systems of value string, managing risk and culture. It is clear that 

the companies will be facing numerous economic, social, 

technological challenges in the next period, which requires dynamic 

abilities and innovation of manpower. This is the reason that it is so 

important to discuss about the ability of the companies to improve 

their own knowledge, which leads towards innovations, in order to 

still agree with demands of Industry 4.0. Because of that in the next 

part of theoretical research we will offer an answer to scientific 

question, where we will deal the impact of the fourth industrial 

revolution within each of the managerial functions: 

How does the fourth industrial revolution affect each of the 

managerial functions?    

Planning 

Industry 4.0 uses “Cyber Physical Systems” (CPS) and “Internet 

of Things” (IoT) for introducing of technological and human 

improvements, which in the end result leads to higher productivity, 

product quality with shorter production time and product price. That 

is the reason why the demand for the improving of planning 

becomes primary. Industry 4.0 requires a new way of planning the 

processes and production, where automatization gets more attention 

in workplace and data are usually stored on cloud servers. It is 

expected that, communication among machines will rise more then 

ever before. The changes raise questions and concerns especially 

regarding the planning processes: Can planning be fully automated? 

Is it possible to transform human knowledge into future products?  

The role of the software in planning in Industry 4.0 is to 

effectively deal with concerns and to ensure, that through 

automatization processes the demands of production with demands 

of individual suppliers would be overlapped. Software, that 

automatize different roles within product life cycle, is very much 

needed in order to increase of effectivity of Industry 4.0. We can 

say, that the correct demands for the software will represent one of 

the building pillars of Industry 4.0.  

Organizing   

In environment of many changes, the organizational structures 

represent a major role in development of education and innovation. 

In broad spectrum, companies could have either mechanical or 

organic design. Mechanical design of company characterized by 

centralized structure, specific tasks, formality, vertical 

communication and strict hierarchy. This design is mainly suitable 

in a stable environment, which is not the case of Industry 4.0. 

Industry 4.0 is characterized by unstable environment known for 

decentralization, horizontal communication and team work. 

Therefore, we consider it an organic design. This design is more 

suitable for innovative strategies and changing environment. It is 

suggested, that managers prefer organic design when creating 
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organizational structure. But there is never clear rule for choosing 

the design, as each company is different.  

In industry 4.0 it is suggested that matrix structure, project 

teams, flat structure and decentralization are usually used.  

Controlling 

Within the controlling we could talk about CPS systems. CPS 

systems represent integration of computing, networking and 

physical processes, whose main purpose is to control the physical 

process and via feedback accommodate to changing conditions in 

real time. In the future CPS systems will become present in all 

industrial fields and integral part of Industry 4.0. CPS systems will 

open new production methods, which will become standard of 

tomorrow´s industry. Environment of products will be configured 

by its own, adjusting and optimizing, which will lead to higher 

movement, flexibility and cost – effectiveness.  

Leadership 

Leadership means the ability to impact others and to inspire, 

motivate and to steer the activities to achieve organizational goals. 

Leaders could achieve desired goals by choosing the correct way of 

leadership style. Specialized leadership style should be applied in 

Industry 4.0, in order to speed up the process of innovation and 

learning. Most disgusted leadership style in field of innovation and 

education is transformational leadership style. We could also 

mention other leadership styles, like authentic style and 

transactional style. However, the most used is the transformational 

leadership style. Industry 4.0 needs something more than 

transformational leadership style, which should be more specific for 

education and learning. The problem is that, transformational 

leadership style is based on idealization of impact, inspirational 

motivation, intellectual stimulation, and vision. Industry 4.0 should 

mainly focus on knowledge, education and innovation. Therefore, a 

knowledge-oriented leadership style is required, which we obtain 

thanks to combination of transformational and transactional 

leadership style. Because this leadership style is based on 

knowledge it could make it easier for companies to accelerate the 

pace of innovation and learning, as well as achieving the 

compatibility with Industry 4.0.  

Human resources   

Thanks to human resources could organization formed skills, 

abilities, behavior and attitude of employees to achieve the goals of 

companies. The human resources are considered a significant factor 

to win a competitive advantage in the knowledge economy. In 

Industry 4.0 managers should mainly focused on supporting 

innovation and learning in companies, within human resources. In 

the next part of theoretical research, we will deal with selected field 

of functions of human resources, in which the impact of Industry 

4.0 would be seen the most. We will mention: job design, staffing, 

training, performance appraisal. In job design. 

The job design should be characterized by a variety of work 

activities, flexible tasks in several areas, extensive delegation of 

tasks and responsibilities for staff. 

 If we want to hire innovative personal, recruiters should focus 

on identifying the characteristics needed for innovative behavior, 

for example: openness to new experiences, which is evaluated 

through psychometric examination in recruiting process. During 

staffing should be also target orientation of the candidate evaluated. 

The target orientation divides into two types: either knowledge 

oriented or performance oriented. In the case of Industry 4.0 should 

recruiters should prefer the candidates who are knowledge oriented. 

Knowledge oriented employees tend to join more difficult tasks, 

they like to get better, they want to develop the filed of their skills 

and have the tendency to achieve great results.  

Companies should offer all types of trainings to their 

employees. It is suggested that, the trainings also reach beyond the 

field of skills of employees in order for them to broaden their 

spectrum.  

The performance appraisal system, which suits Industry 4.0, 

should focus on developing of the employees. It is mainly about the 

approach, which is based on a result and the approach, which is 

based on a behavior, as these approaches support education and 

innovation. It is recommended, that the employees get feedback 

about their performance. Ever more popular now is the approach – 

managing by objectives (MBO). MBO is characterized by specific 

goals, which represent brief statements of expected results. 

Managers and employees set their goals and ways on how to reach 

them, through mutual discussion and consensus. Undeniable part of 

MBO is also feedback, which enables managers and employees to 

monitor the tasks and based on it agree on corrective measures. 

MBO is suitable approach to evaluate performance in such a way, 

so that compatibility of the company with Industry 4.0 could be 

reached.  

5. Conclusion 

 Through the literature and scientific articles, we have clarified 

the position of individual managerial functions within the company. 

We have also mentioned, how Industry 4.0 manifests itself in the 

field of management, which we have fulfilled the main goal of 

theoretical research. We also provided an answer to research 

question, in which we introduced changes in application of methods 

and techniques in the implementation of managerial functions in the 

context of the impact of the Fourth Industrial Revolution. 

The theory has pointed out, that if companies want to remain 

competitive in the future, they will have to invest in industry 4.0. 

Today, companies are able to operate without elements of industry 

4.0, but only for a limited time. They have to look for a way of 

further development, which is digitalization in all areas of business. 
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1.  Увод 
Всеки бизнес, независимо от неговите мащаби и етап на 

развитие, се нуждае от информация. Вземането на управленски 
решения не винаги е осигурено с необходимата информация. 
Това налага практиката да обръща внимание на дейностите по 
събиране, обработване, съхраняване и използване на адекватна 
за нуждите на управлението информация [4]. 

За да може мениджърите да използват максималните си 
възможности за вземане на качествени решения, необходимата 
им информация трябва да бъде осигурена в точния час, на 
необходимото място и в подходящата форма. 

Бързото развитие на софтуера за управление на бизнеса 
през последните години помогна на много предприятия да 
повишат своята ефективност. Използването на специализиран 
софтуер от клас “ERP&MES”, “BMP&ERP” , “MES”  
предназначен за управление на процесите в производствени 
компании с различни организационни и териториални 
структури спомага за гъвкаво управление на техническата 
подготовка на производството, самото производство и 
процесите на снабдяване с материали и продажби на 
продуктите. 

Предимствата на тези комплексни интегрирани системи са 
много. На първо място дават на мениджмънта цялостен поглед 
върху корпоративните ресурси и процесите, протичащи във 
фирмата, във всеки един момент, през един единствен 
интерфейс. На второ – спомагат за оптимизирането на 
ресурсите и позволяват ограничаване до минимум на 
складовите наличности, както и за по-ефективното управление 
на служителите.  

Функциите на системите от клас “ERP&MES” са разделени 
на два “слоя” [12]:  

• ERP функции на управление на предприятието 
като цяло, разглеждайки цеха / 
производствения участък като неделимо цяло: 
взаимоотношения с обкръжаващата бизнес 
среда (клиенти, доставчици и подизпълнители, 
конкуренти); подготовка на производството; 
управление на производствените ордери, 
адресирани до отделните цехове, участъци и 
работни места; управление на финансите, 
счетоводство и т.н.;   

• MES&MOM функции на непосредственото 
управление на производството в цеховете / 
участъците, касаещи всяка отделна машина, 
операция и работник.  

  

 

Данните, параметрите и правилата за/от всички процеси се 
съхраняват в единна база данни. Всички процеси са 
„обхванати” от системите за управление на събитията, 
контролинг, финанси и счетоводство. Те са обект и потребител 
на системите за управление на качеството и за управление на 
документите.  

MES (manufacturing execution system) системите са 
комплексни софтуерни приложения, които проследяват всеки 
аспект от производствените дейности в предприятието.  

MES системите са изцяло фокусирани върху детайлното 
планиране и отчитане на производството, и са разработени 
специално за да получават текуща информация от машините, 
служителите, лабораториите и т.н. МЕS  системите работят 
самостоятелно, но също така и широко се интегрират с 
останалите софтуерни системи използвани в предприятията: 
ERP, CRM, SCADA и т.н. [1]  

MES системата може да “каже”, в реално време какво и 
защо се случва в производствения процес. Това е ключово за 
управлението на производството и превръщането на 
предприятието в гъвкава организация, която по всяко време 
може да реагира на пазарните изменения, и клиентските 
изисквания. 

Внедряването на MES система за управление на 
предприятието води до редица ползи и възможности за 
развитие: [2,3] 

     - Информация в реално време за това какво се случва в 
предприятието, което е първото необходимо условие за 
гъвкавост на управлението, включваща бързо пренастройване и 
препланиране на поръчките, мигновена реакция при аварии, 
при образуване на тесни места и т.н.  

     -  Реално намаляване на разходите за производство чрез 
възможностите за  въвеждане на „lean“ техники за 
преодоляване на загубите от: неефективни бизнес процеси, 
индиректни дейности не носещи добавена стойност на клиента, 
изчаквания, презапасявания, свръхпроизводство и т.н. 

    -  Въвеждане на модерни практики за управление на 
ресурсите: назначаване на задачи и проследяване за тяхното 
изпълнение на ниво: бригада, работник, машина и т.н. 
 заплащане на парче, заплащане на работа свързана с 
конкретната поръчка и т.н. 

     -  Значително повишаване качеството на произведената 
продукция, чрез управление на информация за проведените 
тестове, проби, преработки и чрез статистически методи за 
идентифициране и премахване на причините за получените 
дефекти и брак. 

MES системите са „централната нервна система“ на 
производственото управление, събирайки цялата необходима 
информация от идването на входящите материали през 
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вкарването им в производството, тестването им, използването 
им в различни операции и т.н. 

Целта на настоящият материал е да бъдат представени и 
анализирани функционалните възможности на модулите на 
MES-системите като инструмент за успешно управление на 
производството в цеха.  

2. Основни модули на МЕS софтуерна система 
MES системата трябва да е пълноценен софтуерен продукт 

предназначен да покрива всички сфери на детайлното 
управление на производството: от планиране до управление на 
качеството, от управление на материалите до поддръжка на 
машини, оборудване и т.н. С помощта на MES система, има 
възможност да се анализира и подобрява цялостното 
представяне на производственото предприятие, да се 
наблюдава  в реално време развитието на всички процеси и 
представянето на отделните производствени ресурси. [6] 

Важно предимство на MES системите, са нейните 
възможности за конфигурация спрямо конкретните изисквания 
на всяко предприятие и максимално точно определяне на 
необходимата функционалност от модули, с цел избягване 
купуването на функционалности, които няма да бъдат 
използвани. Системата може да се използва във всички сфери 
на производството и от компании с различен размер, както 
малки производства, така и големи корпорации. Основните 
модули, които изграждат функционалността на МЕS системата 
са следните: [5,8,9] 

Модул Производство 

Модул Производство е ядрото на системата. Той е мощен 
инструмент, който позволява в реално време да се наблюдава 
статуса на всички ресурси и материали заети в отделните 
дейности, и да се проследят всички събития, които се случват в 
цеховете. Това дава възможност за гъвкаво управление на 
производствения процес и мигновена реакция при възникване 
на непредвидени събития, които застрашават навременното 
изпълнение на поръчките: аварии, възникване на тесни места и 
т.н.  

Модулът може да бъде използван самостоятелно или да 
бъде разширен с усвояването на множество други 
функционалности за създаване на пълно решение покриващо 
всички специфики на производствените операции. Гъвкавата 
модулна структура на MES позволява да се конфигурират 
решения за всички нужди и бюджет.  

Основни функционалности:  

 Работа с поръчки за продажба; 

 Управление структурата на продукт на много нива, 
технически спецификации, документи; 

 Поддържане на богата номенклатурна информация и 
множество аналитични признаци за: продукти, 
материали, служители, складове, разходни центрове и 
т.н.; 

 Управление на технологични маршрути и операции за 
производството на изделията Автоматично 
генериране на производствени поръчки, наряди, 
задания към цеховете и т.н.; 

 Управление на графици със задачи на служител, 
машина; графици на натоварването; 

 Проследяване на всички директни и индиректни 
дейности, които протичат в цеховете; 

 Разпечатване на етикети и баркодове; 

 Управление на информацията за машини, оборудване, 
инструменти, създаване на йерархия от свързани 
машини и инструменти; 

 Проследяване на брака и причините за него; 

 Проследяване на времето на престоите и причината за 
тях. 

Модул събиране на данни и мониторинг 

Този модул изгражда директна връзка с цеховете  за 
преглед в реално време на всички дейности, които се случват в 
производството. Данните се събират като операторите 
въвеждат информацията за производството или чрез директна 
връзка от машините за автоматично прехвърляне на 
информация за произведени бройки, времена и т.н. 

Събраните данни се наблюдават в реално време 
посредством различните възможности на интерфейса: екран с 
карта на предприятието в който са посочени отделните точки за 
събиране на информация, различни графични справки или 
просто от списъка със събития. 

При внедряване на системата се прави анализ на процесите 
в предприятието и се избират точките в които ще се постави 
модула за събиране на данни.  

Събирането на данните касае производствените дейности, 
качествения контрол, движението на материали, действията 
свързани с поддръжка, както и присъствието и работата на 
персонала.  

Графичен интерфейс за събиране на данни(teNET) 

teNET е интерактивен, базиран на Windows графичен 
интерфейс за събиране на данни в реално време. С този модул 
работят операторите в цеховете и въвеждат информация за 
започната/приключена операция, произведени количества, 
вложени материали, резултати от проверки за качеството и т.н.  

Модула предоставя улеснен графичен интерфейс, който 
позволява на работещите в цеховете да въвеждат информация 
за случващото се максимално бързо и коректно.  

Отделните места за събиране на данните могат да бъдат 
екипирани с компютри или „touch-screen“ монитори с 
инсталирани баркод/бадж четци за бързо и лесно въвеждане на 
данни.  

Директна връзка с машините 

Посредством специфичен хардуерен интерфейс и OPC 
сървър, модулът за директна връзка с машините проследява 
автоматично машинното производство и всички събития 
свързани със спиране на машината и производствения процес.  

Както машините, които са с  електромеханичен контрол и 
PLC базираните машини бързо и лесно могат да се свържат с 
MES системата.  

Основните функционалности са:  

 Автоматично преброяване на обработените единици; 

 Автоматично проследяване на престоите и причините 
за това; 

 Връзка с Ethernet мрежа;  

 Връзка с multi-pallet машини; 

 Автоматично изпращане и получаване на програми 
към машините; 

 Проследяемост на програмите чрез 
Продукт/Операция/Машина; 

 Управление на аларми и устройства за сигнализиране 
на необичайни събития или статуси; 

 Интерфейс със компютърно базирани машини и 
индустриални компютри PLC. 

Модул управление на качеството 
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Този модул се използва за проследяване и анализ на 
информацията свързана с качеството на произвежданите 
продукти, като поддържа неограничен брой качествени 
показатели, които се измерват и анализират. Възможностите за 
управление на операции (тестове) свързани с контрол върху 
качеството са изключително гъвкави и включват: въвеждане на 
тестови маршрути, които да бъдат самостоятелни или свързани 
в оперативния маршрут за произвеждане на продукта. 
Поддържа се управление на поръчки за тестове на всяко едно 
ниво от структурата на продукта, на всяка партида и във всяка 
локация. 

Модулът може да работи както като самостоятелно 
приложение, така и в комбинация с останалите модули на 
системата. [7] 

Основни функционалности: 

• Дефиниране на всички инструменти и машини за 
тестване. Управление на оборудване със сложна 
съставна йерархия: сензори, различни инструменти за 
измерване и т.н.; 

• Управление на информация свързана с калибриране 
на инструментите, толеранси, прагове и т.н. ; 

• Управление на поръчки за тестове, отчитане по 
поръчки, анализ на статуса от тестовете и резултати. 
Поръчките за тестове могат да се генерират за всяко 
ниво от структурата на изделието и за всяка партида; 

• Въвеждане на качествени спецификации (тестове, 
грешки, несъответствия, стойности за измерване, 
толеранс и т.н.); 

• Поддръжка на специфични тестови маршрути за 
бракувани продукти и продукти за преработка; 

• Разпечатване на документи свързани с качеството: 
сертификат за качество, сертификат за лабораторен 
анализ и т.н. ; 

• Списък с всички партиди и локации. Статус на всяка 
партида във връзка с качеството: 'за тест', 'преминала 
успешно', 'на ръба' и др.; 

• Разпечатване на баркодове за автоматично събиране 
на данни; 

• Интерфейс със съществуващия софтуер в 
предприятието: ERP система, складова система, QA 
система и т.н. 

Управление и контрол на процесите 

Техниките за управление и контрол помагат да се 
проследяват отделните параметри за дадения процес/операция, 
в момента на нейното протичане. Това позволява да се 
направят корекции преди необходимия толеранс да е преминал, 
и да се направи превенция на несъвместимостта на всички 
нива.  

Ключови функционалности са:  

 Управление на категории, тестове, грешки, 
инструменти, инструкции; 

 Интерфейс със системи за измерване; 

 Екран за проследяване в реално време, на данните за 
анализ на температура, гъстота, нива и т.н.; 

 Времеви анализ и печат да данните събрани от 
производствените поръчки/партиди. 

Модул Проследяемост и Управление на материали 

Проследяемостта на произведените партиди и единици е 
една от ключовите функционалности, необходими на всяко 

предприятие за осигуряване на по-високи стандарти за 
качество. Системата позволява бързо и гъвкаво да се проследи 
произхода на всички произведени количества, използваните 
материали, всички машини през които е минала дадената 
партида, направените специфични настройки, всички 
работници които са работили по дадената партида и т.н. 

Поддържа се дървовидно графично представяне на 
партидата, което предоставя възможност веднага да се направи 
справка дадената партида в кои крайни продукти е участвала 
или дадената партида от готова продукция от кои материали и 
полуфабрикати е съставена.  

• Проследяване на използваните партиди; 

• Генериране на серийни номера/продуктови 
ID/печат на етикети; 

• Проследяване на партиди или ID номера 
използвани за производството; 

• Проследяване на продуктите, които използват 
специфични партиди/ID номер. 

Управлението на материали позволява да се наблюдава 
потока на входящите и изходящи материали в реално време, и 
да има достъп до надеждна информация за наличните ресурси, 
обезпечеността на поръчките с материали, анализ на забавяния 
и т.н. Операторите в цеховете могат да използват безжични 
баркодови терминали за управление на наличностите и да 
проследяват операциите свързани с използване, преместване, 
натоварване и т.н. 

Основни функционалности:  

 Управление на складове и локации; 

 Автоматично ID (баркодове, RFID и т.н.); 

 Управление на входящи и изходящи материални 
потоци в реално време с портативни терминали; 

 Инвентаризации; 

 Разпечатване на баркодове за събиране на данни; 

 Управление на складови локации за наблюдение на 
нивата от запаси и инвентаризации на рафтове; 

 Интерфейс със системи за автоматизиране на склада. 

Модул за анализ и KPI 

Определянето и постигането на конкретни цели е едно от 
основните предизвикателства за бизнеса. Дали става въпрос за 
повишаване на качеството, или за намаляване на разходите, 
постигането на определените цели е невъзможно без наличие 
на индикатори, които да сигнализират при възникване на 
първите отклонения и да дадат възможност за анализиране 
цялостното представяне на предприятието.  

Освен чисто визуалното представяне на това, което се 
случва в производството, МES системата предоставя различни 
възможности за анализ на събраните данни, което позволява 
аналитичен поглед върху оперативните процеси и максимум 
сигурност при вземането на управленски решения.  

Системата предоставя възможност за изготвяне на 
специфични отчети, а също и някои стандартни инструменти за 
изготвяне на производствени анализи по различни критерии: 

Парето анализ – посредством стандартен бутон, който е 
приложим за всяка таблица в системата са налични: списък 
поръчки, списък партиди, списък с качествени тестове 
филтрирани по определен критерии и т.н.  

Парето анализът е статистическа техника за вземане на 
решения, която се използва за селектиране на ограничено 
количество единици/задачи, които произвеждат голяма част от 
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цялостния ефект. Използва се принципът на Парето – идеята, 
че правейки 20% от работата, може да се постигне 80% от 
поставените цели. В производствена среда техниката може да 
се използва за анализ на различни данни, но най-широко 
приложение в практиката намира при анализ на качеството и на 
поддръжката на ресурсите. Пример: с помощта на анализ на 
Парето бързо и лесно можем да разберем, кои са най-честите 
причини за спиране на производството в дадения работен 
център и да се фокусираме върху редуцирането им. 

KPI (key performance indicators) – ключови индикатори за 
представянето. Терминът KPI е широко използван в бизнес 
управлението и служи за обозначаване на различните начини за 
оценка на успеха на дадена дейност, начинание или процес. 
Най-често това е свързано с предварително зададени цели, 
които са определени за достигане. 

OEE (Overall equipment effectivenеss) – основен индикатор 
за ефективност на машини и оборудване. Разглежда 
наличността на машината, планираната работа, спрямо 
представянето и качеството на произведената продукция. 

OLE (overall labor effectiveness) – основен индикатор за 
измерване ефективността на човешкия труд. Разглежда 
присъствието на служителя, спрямо произведеното количество 
и качеството му. Този индикатор често се използва за 
определяне на възнаграждението. 

OPE Overall Process Efficiency – основен индикатор за 
ефективността на бизнес процесите 

Модул Поддръжка 

Opera MES позволява управляване и проследяване 
използването на всички машини и инструменти, които се 
използват в производството. Модулът за поддръжка помага за 
планиране дейностите по поддръжка, да се проследява 
използването на машините и разходите за поддръжка.  

Основни функционалности:  

• Управление на инструменти и екипировка; 

• Операции свързани с поддръжка на машините; 

• Проследяване и мониторинг на използваната 
екипировка; 

• График за поддръжка и преглед; 

• KPI анализ на поддръжката (MTBF, MTTF, MTTR, 
etc…). 

Модул Човешки ресурси 

Операциите, машините и труда са ключови елементи в 
предприятието. В частност човешките ресурси са критичен 
аспект от гледна точка на разходите и цялостното представяне. 
За това има нужда те да бъдат управлявани коректно, точно 
както и останалите ресурси в предприятието: машини, финанси 
и т.н.  

Основни функционалности:  

o Време на влизане и излизане от предприятието; 

o Проследяване на статуса на служителите; 

o Настройване на смени; 

o Специфични настройки за закръгляне на времето за 
влизане и излизане. 

o Контрол на храната:  

o Запазване на храна;  

o Намаляване на възнаграждението при предоставяне на 
храна; 

o Проследяване на информация за храната – дати, 
време, локация, брой ястия; 

o Разпечатване на ежедневни менюта с баркодове. 

3. Заключение 
През последните години, международния пазар за 

професионални MES решения за детайлно управление на 
производството се засилва. Производствените компании от цял 
свят срещат редица предизвикателства: глобална конкуренция, 
по-високи изисквания за качеството и надпревара в намаляване 
на разходите. Всичко това води до необходимостта от гъвкави 
софтуерни решения, които да позволят на предприятията бързо 
да внедрят съвременни производствени и управленски 
стратегии.  
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Abstract: Resource planning in manufacturing companies is crucial in the context of Industry 4.0. Enterprise Resource Planning (ERP) 

systems that enable vertical and horizontal integration between different operational and management levels are essential for monitoring 

process execution through real-time data access and for making decisions according to these data. 

The implementation of the ERP system is one of the key indicators highlighted by the European Commission (more than 100 indicators) 

in the Digital Agenda for Europe (A Europe 2020 Initiative), which sets the goals for the growth of the European Union by 2020. It is 

important to make an analysis of the state of implementation of the ERP systems in the Republic of Croatia. We researched within the 

metalworking industry in Croatia. Purpose of the research conducted is to determine the state of implementation of ERP systems in 

metalworking companies and on the compliance of ERP systems with Industry 4.0 and to investigate the opinions of ERP system users on the 

extent to which the ERP system they use meets the requirements of Industry 4.0. 

The main objective of our paper is twofold: to present the features of modern ERP systems in the Industry 4.0 framework and to present 

the results of our research. 

Keywords: ERP SYSTEMS, INDUSTRY 4.0, CROATIAN ENTERPRISES 

 

1. Introduction 

New innovative information-communication technologies and 

advanced production technologies such as Cloud Computing, Big 

Data Analytics, Internet of Things, Internet of Services, Internet of 

People, Additive Manufacturing, Cyber-Physical Systems, Wireless 

Sensor Networks, mobile Internet, Artificial Intelligence, 

Simulation and Modeling, Automation and Industrial Robotics, 

Augmented Reality, Cybersecurity, Blockchain, etc. are the basis of 

the fourth industrial revolution called Industry 4.0 [1].  

In the context of Industry 4.0, all manufacturing resources are 

connected and exchanged data and information with each other. The 

innovative technologies that Industry 4.0 is based on enabling the 

connection of smart products, machines, processes, and humans 

within the manufacturing system and through the value chain. This 

connectivity facilitates real-time information sharing and adaptation 

to changes in the manufacturing system. The planning of resources 

in manufacturing is critical for the quality of process performance 

and monitoring, and quality decision making based on real-time 

information. There must be information flow, from the shop floor to 

the level of management of the enterprise and vice versa, with the 

purpose to make better manufacturing performance. Business 

partners through the value chain also need to exchange information 

to achieve common goals with greater effectiveness [2]. ERP 

systems are used to collect, analyze and interpret business process 

data, and it is extremely important in the context of Industry 4.0 that 

this takes place in real-time. ERP systems facilitate the full 

integration of the enterprise and also the value chain, therefore ERP 

systems are the information backbone of Industry 4.0 [3]. 

2. Literature review 

Our literature review covered ERP publications on ERP systems 

in general and in the context of Industry 4.0 and content analysis of 

the literature. 

2.1 Enterprise Resource Planning 

Enterprise resource planning (ERP) is a concept of integrated 

management of enterprise resources and all business processes in 

real-time, with the support of software and technology, so we can 

say that ERP is both a concept and software. The term "enterprise 

resource planning" (ERP) first appeared in 1992 and was coined by 

Gartner. The first paper that mentions ERP indexed in the database 

Web of Science Core Collections (WoSCC) was published in 1994.  

ERP systems were first applied in manufacturing and later in 

other areas. The beginnings of development were in the 1960s with 

the first software control packages, through MRP and MRP II, and 

then ERP systems were developed. The latest trend in development 

is intelligent ERP systems. The steps of the ERP system evolution 

are shown in Figure 1. 

 

Fig. 1 Historical evolution of the ERP systems 

2.2 ERP systems in the context of Industry 4.0 

The new generation of ERP systems are intelligent ERP 

systems. The basic features are: the use of in-memory technology, 

which can be used to simulate the impact of change on production 

in real-time; a service-oriented architecture that enables direct 

communication of ERP systems with smart resources; take 

advantage of cloud computing; integration with MES and PLC 

(vertical integration), enabling cost-effective production of product 

variants; horizontal integration; role-based personalized intuitive 

interfaces; application of innovative mobile applications; in addition 

to a central database, decentralized data storage (e.g. on a smart 

product) is also possible; access data at any time and from 

anywhere using mobile devices (such as tablets and smartphones). 

Integration is significant for Industry 4.0: vertical, horizontal 

and end-to-end integration. Modern ERP systems are key 

integrating factors in the context of Industry 4.0. Modern Enterprise 

Resource Planning (ERP) systems have to facilitate vertical 

integration between different operational and management levels, 

horizontal integration with business partners (suppliers and 

customers) within value chain through real-time information flow, 

and end-to-end integration, for monitoring products through their 

lifecycle.  

The authors of [4] researched the readiness of ERP systems for 

Industry 4.0, and the result of the study showed that modern ERP 

systems are ready. An example of a modern ERP system for 

Industry 4.0 is SAP S/4 HANA, which has high computational 
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power due to the use of in-memory technology, which significantly 

enhances improvements in data analysis and enables vertical, 

horizontal and end-to-end integration [5]. There are also other 

examples of intelligent ERP systems such as Infor M3, Dynamics 

365 for Finance and Operations and Epicor 10. 

Modern intelligent ERP systems provide transparent, real-time 

information [6]. Intelligent ERP facilitates a fast reaction to 

dynamic changes in the manufacturing environment [7]. 

The authors of the article [8] present a comparison of the best-

known manufacturers of ERP and MES systems, concerning their 

readiness for Industry 4.0. The results of their research showed that 

the ERP systems of manufacturers SAP, Oracle, Syspro, Microsoft 

Dynamics are best in compliance with the requirements of Industry 

4.0. 

2.3 Bibliometric literature review 

Our methodology of research is the content analysis of 

literature, based on the search citation databases of Web of Science 

Core Collection (WoSCC). We have used keywords in the topic 

fields: "Enterprise Resource Planning" and "ERP" for timespan 

from 1991 to 2018. This search yields 2.239 results (cover all types 

of publications). We used software Atlas.ti8 to extract keyword 

frequencies and form a word cloud with keywords used by the 

researchers about the topic "Enterprise Resource Planning" as 

shown in Figure 2 (words are visually emphasized by their 

frequency). 

 

Fig. 2 Word Cloud with the most frequent words for topic 

„Enterprise Resource Planning“ and „ERP“ 

As the most frequent words (except keywords enterprise, 

resource, planning, and ERP, which are words contained in the 

search keywords) software yield keywords: systems, management, 

implementation, information, business, process, data, technology, 

identification, production, data. Among the most frequent words are 

also the keywords: manufacturing, analysis, integration, quality, and 

industry, which is significant in terms of Industry 4.0 and Enterprise 

Resource Planning. 

3. ERP systems in Croatian enterprises 

The Digital Agenda for Europe (Europe 2020 Initiative) sets the 

EU's growth targets by 2020 and highlights more than 100 

indicators. One of the key indicators is the implementation of ERP 

systems. It is necessary to analyse the state of implementation of the 

ERP system in Croatia. 

According to statistical data compiled by Eurostat in 2017 (the 

latest available data), only 26% of Croatian enterprises used the 

ERP system, which is below the average of the ERP system used 

within the EU 28 (34%). There is a significant difference between 

SMEs (10-49 employees) and large enterprises (at least 250 

employees). ERP systems used 76% of large enterprises and only 

28% of SMEs in 2017 in the EU-28.  

3.1 Research methodology 

The questionnaire used closed-ended questions with 

dichotomous answers, with offered intensity responses (five-point 

Likert scale), filter questions, and multiple-choice questions. 

The target population includes all sizes of enterprises registered 

in the Register of Business Entities of the Croatian Chamber of 

Economy, according to the following criteria: 

- activity code C25: Manufacture of fabricated metal products, 

except machinery and equipment (according to the National 

Classification of Activities 2007 version), 

- regional affiliation (covered only Eastern Croatia), 

- active business entities only, 

- 2017 Annual Financial Report submitted. 

 

Due to selected criteria, a narrower population of metalworking 

enterprises in Croatia obtained, so the results can not be 

generalized. A representative simple probabilistic sample (134 

enterprises) was determined from the target population using a 

random sampling method. The sample size was determined with a 

statistical significance level of 0.95, an error size of 0.05 and with 

an expected proportion of 50%. 

The link to the on-line survey, requesting the completion of the 

questionnaire, was sent by e-mail to the sample enterprises. 

3.2 Results analysis and discussion 

In this section, we summarize the analyzed results from the 

survey. 

The total number of completed questionnaires is 27, so the 

response to the survey is 20.15 %. That is a low response rate, but 

not unusual for this type of research (on information systems), 

according to an analysis of journals represented in the platform Web 

of Science [9]. 

Figure 3 shows that the survey involved mostly small and 

medium-sized enterprises (60%), which make up a large share of 

the economy of Croatia and the EU. 

 

Fig. 3 Surveyed enterprises concerning enterprise size 

The analysis of the results shows that the ERP system using 37 

% of the surveyed enterprises (Figure 4). The other 63 % of the 

enterprises did not implement the ERP system. The most common 

reasons are the high cost of implementation (47.1%) and the long 

duration of the ERP system implementation process (41.2%). Other 

reasons given are that there is, for example, no need for an ERP 

system or the inability to find adequate software. 

 

Fig. 4 Share of enterprises with implemented ERP system 

 

INDUSTRY 4.0 2019, WINTER SESSION

261



The surveyed enterprises have implemented systems of global 

and local suppliers such as SAP, Oracle, Microsoft Dynamics, 

Infor, Epicor, Insight, ININ, etc.  

Survey results show that 90% of surveyed enterprises use an on-

premise ERP system (Figure 5). Only 10% of enterprises use cloud 

ERP. That is in line with the research [10] that has revealed Cloud 

ERP systems not significantly represented in Croatian enterprises, 

and traditional on-premise solutions are still prevalent.  

 

Fig. 5 Share of enterprises with implemented ERP system by 

deployment 

With ERP, 30% of surveyed enterprises use Business 

Intelligence Systems and 10% of enterprises use Customer / 

Supplier Relationship Management Systems. 

According to survey results software (ERP systems), that 

enterprises use, technologically outdated considered 20 % of 

respondents. 

It is evident from the survey results that enterprises with ERP 

systems often have installed modules that do not use, or a lot of 

modules do not have installed at all (Figure 6).  

 

Fig. 6 Modules of ERP systems in the surveyed enterprises 

 

For example, Purchase and Inventory, Sales, Production Order 

modules are installed in almost all surveyed enterprises, however, 

not all enterprises use them. Only about half of the surveyed 

enterprises possessed and use those modules. The module Planning, 

scheduling, and monitoring of production is installed in 50% of 

surveyed enterprises, but it is used only by 30% of surveyed 

enterprises (some enterprises have that module but do not use it). 

The level of agreement of respondents with the statement that 

their ERP system hinders or even prevents the growth of business 

and market expansion is shown in Figure 7. 

Figure 8 illustrates to which extent the surveyed companies 

agree with the claim that the ERP system they are currently using is 

incomplete and inadequate. 

 

 

Fig. 7 The level of agreement with the statement “Our ERP system 

hinders or even prevents the growth of business and market 

expansion” 

 

Fig. 8 The level of agreement with the statement that the ERP 

system they are currently using is incomplete and inadequate 

To which extent the surveyed companies agree with the claim 

that the ERP system they are currently using is incomplete and 

inadequate illustrates Figure 9. 

 

Fig. 9 The level of agreement with the statement that the ERP 

system they are currently using is technologically outdated software  

A spreadsheet is used by 90% of the enterprises surveyed, in 

parallel with the ERP system. Some of the stated purposes of using 

a spreadsheet with an ERP system are: assistance in daily work, in 

design and sales, for various complex documents: offers, 

calculations, records, for control of ERP systems, for all analyzes, 

for additional work tasks not contained in the modules of the their 

ERP system, ad-hoc data analysis, in addition to most of the 

processes we follow and through ERP (delivery orders, production 

planning, ...), which is in line with the research findings in [11], that 

spreadsheets "is still dominating over the use of ERP" for planning. 

The timeframe in which surveyed enterprises use the ERP 

system shows Figure 10.  

Figure 11 shows the ownership license of ERP systems used by 

surveyed enterprises. Commercial proprietary licensing systems 

predominate over open source ERP systems, with 20% of 

enterprises using a combination of both.  
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Fig. 10 Timeframe in which surveyed enterprises use the ERP 

system 

 

 

Fig. 11 Ownership license of ERP systems used by surveyed 

enterprises 

The number of enterprises that implement ERP systems is 

steadily increasing, but the number of surveyed enterprises that 

have not implemented the ERP system is still too high, even 63%. 

Also, according to the survey, 40 % of surveyed enterprises are not 

familiar with the term Industry 4.0.  

According to our research, 90% of enterprises do not have an 

ERP-compatible Manufacturing Execution System to achieve 

vertical integration. The ERP systems of the surveyed enterprises in 

60% of cases do not allow mobility of the ERP system (access to 

the system from different locations and devices (smartphones, 

tablets)). ERP systems do not allow the sharing of data with 

external partners (suppliers and customers), who thus participate in 

business processes. In 70% of cases, ERP systems do not allow 

personalization of the user interface within the Role-based interface 

(they do not have modern functionalities that support the work 

according to the individual needs of users). 

ERP systems in 40% of enterprises do not allow the transition to 

cloud business. Automatic object identification methods not 

integrated with ERP systems in 30% of enterprises, in 50% of 

enterprises only bar code used, in 10% of enterprises the 

combination of bar code and RFID methods of automatic 

identification and tracking of objects applied, and the biometric 

method (fingerprint) is used in 10% of enterprises. 

4. Conclusions 

Industry 4.0 enables businesses to become flexible and 

competitive, using ERP systems as the backbone of horizontal, 

vertical and end-to-end integration. Modern ERP systems based on 

innovative emerging technologies meet the requirements of Industry 

4.0. 

But there is a noticeable problem in surveyed Croatian 

enterprises. Even 40 % of businesses are not familiar with the 

Industry 4.0 concept. This is a particularly important issue because 

Industry 4.0 is the key to increasing the competitiveness of Croatian 

enterprises, given that Croatia's competitiveness is very low. Croatia 

ranks 68th out of 140 countries according to the World Economic 

Forum 2018 data. Regarding the readiness of ERP systems in 

Croatian surveyed enterprises for Industry 4.0, it can be concluded 

that the ERP systems are to a large extent incompatible with the 

requirements of Industry 4.0. 

Given that surveyed enterprises point out the high costs of 

implementing an ERP system as a reason for not implementing an 

ERP system, it is possible to use alternative open source ERP 

systems. There is also a need to increase awareness of the 

importance and benefits of Industry 4.0. 

The limitation of the research is the low response rate to the 

survey so results cannot be generalized. 

5. Literature 

[1] Ghobakhloo, M. (2018). The future of manufacturing 

industry: a strategic roadmap toward Industry 4.0. Journal of 

Manufacturing Technology Management, 29(6), 910–936.  

[2] Sandengen O Ch, Estensen L A, Rodseth H, Schjolberg P: 

High Performance Manufacturing: An Innovative Contribution 

towards Industry 4.0. Proceedings of the 6th International 

Workshop of Advanced Manufacturing and Automation. November 

10-11, 2016, Manchester, England 

[3] Barth, C., & Koch, S. (2019). Critical success factors in ERP 

upgrade projects. Industrial Management & Data Systems. 

doi:10.1108/imds-01-2018-0016 

[4] Haddara, M., & Elragal, A. (2015). The Readiness of ERP 

Systems for the Factory of the Future. Procedia Computer Science, 

64, 721–728. 

[5] Cocca, P., Marciano, F., Rossi, D., & Alberti, M. (2018). 

Business Software Offer for Industry 4.0: the SAP case. IFAC-

PapersOnLine, 51(11), 1200–1205.  

[6] Ghobakhloo, M. (2018). The future of manufacturing 

industry: a strategic roadmap toward Industry 4.0. Journal of 

Manufacturing Technology Management, 29(6), 910–936.  

[7] Demirova S., Industrial Information Technology - A 

Revolutionary. Factor In Logistics, Acta Technica 

Corviniensis - Bulletin of Engineering, Tome X, 2017, 

Fascicule 4 (Oktober-December), pp.25-28, ISSN 2067-

3809, 2017 

[8] Telukdarie, A., Sishi, M. N. (2018) Enterprise 

Definition for Industry 4.0. Proceedings of the 2018 IEEE 

International Conference on Industrial Engineering and 

Engineering Management (IEEM), Bangkok, Thailand, 16-

19 Dec. 2018, 849-853 

 [9] Sivo, S. A., Saunders, C., Chang, Q. et al, (2006). How low 

should you go? Low response rates and the validity of inference in 

IS questionnaire research, Journal of the Association for 

Information Systems, 7(6), 351-414. 

[10] Picek, R., Mijac, M., & Androcec, D. (2017). Acceptance 

of Cloud ERP Systems in Croatian Companies: Analysis of Key 

Drivers and Barriers. 20th International Scientific Conference 

“Economic and Social Development”, Prague, 27-28 April 2017 

 [11] De Man, J. C., & Strandhagen, J. O. (2018). Spreadsheet 

Application still dominates Enterprise Resource Planning and 

Advanced Planning Systems. IFAC-PapersOnLine, 51(11), 1224–

1229.   

 

 

 

 

INDUSTRY 4.0 2019, WINTER SESSION

263
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Abstract: The lack of specific distinction in the scientific literature regarding the meaning and correctness of the general concept of 

"foreign direct investment" often leads to confusion and confusion between the concepts of "foreign direct investment" and "foreign direct 

investment" - "foreign investment", having in mind exports foreign investment, "affecting their imports. The attention of economic science in 

the second half of the XIX and early XIX centuries was attracted by the accelerated growth of capital exports. The role and place of water 

transport in Bulgarian business is essential. 
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1. Увод 

Липсата на конкретно разграничение в научната литература 

относно значението и коректността на общото понятие „преки 

външни инвестиции“ води нерядко до неясноти и вплитане на 

понятията „преки задгранични инвестиции“ и „преки 

чуждестранни инвестиции“ – „задгранични инвестиции“, 

имайки предвид износа, а „чуждестранни инвестиции“, 

засягайки вносът им. Вниманието на икономическата наука 

през втората половина на XIX и началото на XX век е 

привлечено от ускореното нарастване на износа на капитал. 

Съществена е ролята и мястото на водния транспорт в 

стопанската дейност на България. 

Тема на настоящия труд е привличането на качествени 

чуждестранни инвестиции в България след 2010 г., а като 

предмет на изследване са динамиката на чуждестранните 

инвестиции и ефективността на данъчната политика за 

привличане на качествени чуждестранни инвестиции в 

България след тази година.  

 

2. Предпоставки и начини за разрешаване на 

проблема 

Утвърждават се три основни теории, класифицирани като 

традиционни и изясняващи международното капиталово 

движение, които исторически възникват в различни етапи от 

развитието на икономическата теория – неокласическа, 

неокейнсианска и марксистка. Противоположни по идеи, 

теориите дават свои интерпретации на проблемите, посветени 

на международното движение на капитали, като всяко ново 

доказателство добавя нови елементи и в някаква степен 

критикува старите разбирания. 

2.1. Неокласическа теория 

Неокласическата теория изследва международната 

капиталовия миграция в рамките на „чистата“ теория за 

международната търговия. Като взаимосвързани, но 

алтернативни форми се обясняват движението на капитала и 

международната стокова търговия, които насочват към общ 

резултат – равновесие на търсенето и предлагането, 

изравняване на цените на стоките и производствените фактори 

в страни-партньори. Основоположник на неокласическата 

теория за международната миграция на капитала е Ели Хекшер. 

Научен принос имат и икономисти като Б. Олин, Р. Нурске , Г. 

Хаберлер, К. Иверсен, творили през 20-те и 30-те години на 

миналия век. Съвършената конкуренция и свободната 

международна търговия са фундамент в разбиранията на 

учените и статичният подход при изследването на 

международното движение на капитала е характерен за 

представителите на неокласическата теория. 

Според авторите от неокласическото направление основен 

мотив за международната миграция на капитали са различията 

в равнището на лихвения процент на международно ниво – 

капиталът се изнася от страни, изобилно осигурени с този 

производствен фактор, и се внася в страни, където съществува 

недостиг на капитал, като по този начин води до рационално 

използване на производствения фактор, стимулирайки ръста на 

производството и повишаване на благосъстоянието на 

страните.  Нееднаквата факторна осигуреност на страните-

партньори предопределя международни различия в цените на 

производствените фактори – капиталът е по-евтин в страни, 

изобилно осигурени с него, и по-скъп в страни, където той е 

дефицитен.  

2.2. Неокейнсианска теория 

Неокейнсианската теория се основава на 

макроикономическия анализ. Учените изследват на база 

общата кейнсианска методология взаимодействието между 

макроикономически променливи като икономически растеж, 

национален доход, заетост, спестявания, инвестиции и 

търговски баланс на отделната страна. Като динамичен може да 

се определи подхода на неокейнсианската теория, свързвайки 

международната капиталова миграция с изменението на 

посочените променливи. Изтъкнати представители на 

неокейнсианската теория за международната капиталова 

миграция са Ф.Махлуп, А. Хансен, Р. Харрод, Е. Домар и др., а 

основите на теоретичното направление са положени от Джон 

Кейнс, според когото нарастването на задграничните 

инвестиции се поддържа от положителното салдо на 

търговския баланс на страната износител. 

2.3. Марксистка теория 

Зараждането и укрепването на марксистката теория се 

свързва с имената на автори като К.Маркс, В. И. Ленин, 

Р.Хилфердинг, Н. И. Бухарин, и др. още в края на ХIX век. 

Становището на учените от тази школа към международната 

миграция на капитала е  силно критично. Според тях износът 

на капитал поражда в международен план отношения на 

политическа и икономическа зависимост – експлоатация на 

слаборазвитите държави от напредналите, превръщане на 

изостаналите в аграрно-суровинно допълнение към 

високоразвития център на световното стопанство. Излишъкът 
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на капитал се приема за непосредствена причина, обуславяща 

износа му, като  именно износът на капитал се разглежда като 

средство за разрешаване на противоречията на разширеното 

капиталистическо възпроизводство. Като основен 

икономически закон на капиталистическия начин на 

производство марксистката школа приема Закона за 

принадената стойност, поставен от Карл Маркс. Той придава на 

вещите обществен характер. Марксистката теория за 

международната капиталова миграция запазва своята 

историческа приемственост през последните десетилетия на 

миналия и  началото на XIX век като бележи съществени 

различия спрямо първоначалната позиция. Отбелязват се 

редица фактори, насърчаващи международната миграция на 

капитала в съвременните условия: глобализацията на 

съвременната икономика и интернационализацията като 

ускорено развиващи се процеси; нарастващото търсене на 

капитал на световния пазар и целенасоченото насърчаване на 

притока на чуждестранен капитал с широк кръг икономически 

и административни средства; транснационалните корпорации – 

основен агент на стопанския живот и др.  

Критичността към международната миграция на капитала 

се замества от търсенето на рационални подходи за пълно 

използване на потенциала му за икономическа и социална 

модернизация на приемащите страни. 

 

3. Решение на проучения проблем 

Поощряване на инвестициите чрез данъка върху доходите 

се предоставят в много развиващи се страни и страни в преход, 

като стимулите се отнасят най-често до реални инвестиции в 

производствени дейности /преки инвестиции/, а не до 

инвестиции във финансови активи /портфейлни/ и са насочени 

към чуждестранните инвеститори с мотивите, че няма 

достатъчно вътрешен капитал за желаното ниво на 

икономическо развитие и че международната инвестиция носи 

със себе си модерни технологии и начини на управление 

[6,7,8,9,10,11]. 

Теоретични подходи при анализа на връзката преки 

чуждестранни инвестиции и данъчна политика. 

Икономическата наука все още не е дала адекватно теоретично 

обяснение на явлението преки чуждестранни инвестиции, 

макар че практиката им има сравнително богата история. 

Различни теоретични модели, обобщават опита при износа на 

преки инвестиции от високоразвитите пазарни икономики, 

опитвайки се да изяснят предпоставки за явлението, фактори, 

стратегии, резултати от явлението и др.[3]  Множество автори 

анализират ПЧИ, но не съществува общоприета теория относно 

мотивите на инвеститорите, тъй като различните подходи от 

международната търговия, икономиката, организацията и 

управлението, обясняват различни аспекти на този ключов 

феномен. 

Понятието ПЧИ, което е основополагащо за анализираната 

литература, може да се дефинира като инвестиция, направена 

за придобиване на дълготраен интерес в предприятия, 

извършващи дейност извън икономиката на инвеститора. За 

целите на анализа на статистическата информация, съдържаща 

се в базите данни на статистическата служба на Европейския 

съюз, понятието се определя както следва: <Преките 

чуждестранни инвестиции, съкратено ПЧИ, е международна 

инвестиция в рамките на баланса на платежни сметки. По 

същество, субект в една икономика се стреми да получи 

дълготраен интерес в предприятие-резидент в друга 

икономика. Дълготрайният интерес предполага наличието на 

дългосрочни отношения между прекия инвеститор и 

предприятието и значителното влияние на инвеститора върху 

управлението на предприятието. Предприятие с преки 

инвестиции е предприятие, в което пряк инвеститор притежава 

10% или повече от обикновените акции или правата на глас /за 

акционерно дружество/ или еквивалента им за неакционерно 

дружество>   [13].  

Стимулите, предлагани в много от развиващите се страни и 

страни в преход, често са обвързани с чуждестранни 

инвестиции. Те могат да бъдат под формата на специални 

данъчни ваканции за данъка върху доходите или специално 

освобождаване от мита или данъци върху оборота. Стимулите 

понякога са насочени към фирми, които са сто процента 

собственост на чужденци, а в други случаи се предлагат на 

съвместни предприятия, често с по-малко от 30 на сто 

чуждестранно участие. 

За хората, които определят данъчните политики, е 

привлекателно това, че насочването към конкретни цели 

драстично намалява разходите на приходите от предлагането 

на стимулите. Възниква въпросът защо облагодетелстването на 

чуждестранни фирми, а не на местните фирми би станало 

държавна политика. Дискриминацията води до негодувание, 

което е вероятно да доведе до намаляване на доброволното 

спазване на данъчната система. Местните фирми лобират с 

обосновката, че стимулите трябва да обхванат и тях. На този 

натиск може да бъде трудно да се устои и така стимулите могат 

да се пренесат и върху местните фирми, което води до 

влошаване на националната данъчна система. Освен това 

ограниченията често не работят. Местните фирми са 

предизвикани да влязат в стратегии за избягване на данъци, на 

които данъчните органи трудно противодействат. 

 Съществена е ролята и мястото на водния транспорт в 

стопанската дейност на България. Източната морска граница от 

378 км и северната речна от 470 км са естествена предпоставка 

за международна търговска дейност. Като се има предвид, че 

водният транспорт е един от най-евтините, логично е да се 

предположи неговото предпочитане,  респективно развитие, 

техническо и технологично усъвършенстване. Известно е, че 

водният транспорт съчетава в себе си два елемента: корабите 

като естествен негов атрибут и наличието на подходяща 

пристанищна инфраструктура, реализираща условията за 

товаро-разтоварните дейности и контрол от страна на 

Държавата. Последната функция се свързва с контрол на вида 

на товарите, начина на упражняване на тази дейност както и 

митнически контрол.  

Обикновено не се коментира, но не необходимо е да се 

реализира ефективен воден транспорт, без да се отчита 

наличието на качествена сухопътна транспортна мрежа. 

Използването на складови помещения, обикновено се приема 

като допълнително средство за съхранение на товарите. 

Най-евтините кораби спрямо 1 тон товароподемност са 

универсалните. Практиката показва, че те се обработват най-

бавно в пристанищата. Тяхното предимство се състои в 

сравнително универсалното им приложение, според 

търговската потребност. Контейнеровозите са с по-висока 

стойност, експлоатацията им е свързана с използването на 

конкретна контейнерна система и специфична технология на 

обработка на товарите, наличието на специализирани 

пристанищни терминали [4]. Още по-скъпи са корабите тип ро-

ро, отнесени към 1 тон товароподемност. Имат опростена 

схема на експлоатация и минимално време за престой на 

пристанището. Не съществува при тях потребност от скъпа 

механизация. Като недостатък може да се отбележи 

необходимост от големи складови помещения. Най-скъпи са 

лихтеровозите, с универсална гъвкава експлоатация и бърза 

обработка на товарите.  

На практика е много трудно да се оцени ефективността при 

комбинираните кораби. Те отстъпват  по отношение на 

специализираните, но са ефективни при подходящи 

товаропотоци. 

 Товарите, подлежащи на транспорт, са с различни 

характеристики: течни, газови, насипни  и др. От тук следва и 
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специфичния вид, конструкция  и характеристики на самите 

кораби. Има нещо, което е общо за всички тях: годност и 

безопасност. Наред с регистрацията на корабите съществуват и 

изисквания за безопасност. Прегледите за установяване на 

съответствието им с изискванията на международните 

договори и националното законодателство за безопасна 

експлоатация, за която те са предназначени са: първоначални и 

периодични  прегледи и на подводната част. При пътническите 

кораби се издава и свидетелство за сигурност. 

Транспортният сектор е на вниманието на Европейския 

съюз. Целта е изграждане на инициативи за насърчаване на 

развитието на единно европейско транспортно пространство, 

свързването на Европа със съвременни, мултимодални и 

безопасни инфраструктурни мрежи. Преход към мобилност с 

ниски емисии, висока сигурност, надеждност и достъпни цени. 

Комисията е приела редица инициативи за насърчаване на 

развитието на единно европейско транспортно пространство 

[14] , реализирани в пакет чрез:  

- четвъртия законодателен пакет  в областта на 

железопътния транспорт; 

- инициативата  „Син пояс“ , за  морския транспорт; 

- предложения пакет  „Единно европейско небе  II+”; 

- програмата  NAIADES, (Интегрирана европейска 

програма за действие на транспорта по вътрешните пътища) – 

фиг.1. 

 

Фиг. 1 Коридори на основната мрежа TEN-T. 

 

 Важна  особеност и съществен недостатък при водния 

транспорт е голямото екологично замърсяване, причинявано от 

корабите. Според данни на ЕК [12] през 2015 г. най-малко 24%  

от емисиите на парникови газове в ЕС се дължат на транспорта. 

Чрез Европейската комисия се полагат усилия за 

преодоляване на слабостите при пазарната интеграция на 

автомобилния транспорт за справедлив преход  към 

екосъобразна, конкурентно-съобразна и свързана мобилност, 

представен в стратегията за мобилност с ниски емисии (приета 

юли 2016 г.) и впоследствие в съобщението „Европа в 

движение“, от 31 май 2017 г. Предложенията обхващат редица 

мерки, които целят създаване на условия за преход към  ниски 

цени и нулеви емисии. Преходът към мобилност с ниски 

емисии е определен като цел още в Бялата книга за транспорта 

от 2011 г. 

 

4. Резултати и дискусия 

В областта на морския транспорт се препоръчва да се 

преодолее недостатъчната пропускателност и 

административното опростяване на пристанищата за 

повишаване на капацитета и ефикасността им. За 

предприятията от ЕС пристанищните и терминалните разходи 

достигат 25% от общите логистични разходи „от врата до 

врата“. С Регламента от 2017 г. се въвеждат правила за 

прозрачно публично финансиране. Очаква се да се повиши 

ефикасността на инвестициите на пристанищните операции в 

пристанищата. Налага се констатацията, „че ако не се извършат 

структурни промени за подобряване на качеството на 

оперативните условия,  вътрешният воден транспорт може да 

загуби най-важното си предимство: транспорт с ниски 

разходи“. Важни направления в това отношение са 

инвестициите в подобряване на структура, умения, 

цифровизация и интеграция в логистиката. Очевидно това 

налага въвеждане на общи за ЕС  стандарти и сътрудничество, 

например в рамките на стратегията за река Дунав. Наред с това 

съгласно Регламента относно пристанищната дейност се 

изисква финансовите отношения между публичните органи и 

пристанищните управляващи органи да се отразяват по 

прозрачен начин в счетоводната система. 

В “Определяне на лостове на политиката за преодоляване 

на предизвикателствата“,  отстраняването на пропуските в 

единното европейско пространство се счита като най-важно 

средство на политиката за преодоляване на установените 

предизвикателства. Счита се, че морският транспорт ще 

извлече полза от:  

- решаване на въпросите, свързани с отпускането на 

преки държавни помощи на управителите на терминали и 

дружествата за морски превози; 

- либерализация и прозрачност на пристанищните 

услуги; 

- включване на пристанища извън Европа в т.н. морски 

магистрали; 

- адекватно данъчно облагане на емисиите. 

Създаването на условия за европейско обслужване „на едно 

гише„ в областта на морския транспорт, подкрепено от 

държавите от ЕС в декларация от Валета (2017), би опростило 

формалностите за даване на сведения и намаляване на 

административните и митнически разходи и при използване на 

цифрови средства до оптимизиране на логистичните вериги. 

Важно е да се отбележи, че прилагането на диференцирани 

по екологични критерии такси за ползване на пристанищна 

инфраструктура  ще стимулира инвестициите в по-

екосъобразни кораби. По данни на Световния икономически 

форум (2016-2017г.) индексът на качеството на 

инфраструктурата на морските пристанища, България е в 

червената зона, в групата на петте с най-слаби резултата. 

В последните години нарастват публикациите, даващи 

сведения за разработки и изследвания по намаляване на 

вредните емисии от корабите. Известно е, че те работят 

основно с нискокачествени горива и мазут и изхвърлят (поради 

големите си мощности) голямо количество вредни емисии, 

замърсяващи природата. Тези отрицателни явления могат да се 

допълнят и от нередките разливи при повреда по време на 

експлоатация на същите. Тези въпроси не остават встрани от 

научната общност и анализа при разглеждането им е важен за 

обществото. Изход от съществуващото състояние  по 

отношение на екологичното замърсяване може да се смята, че е 

във въвеждането на добавки към традиционните горива, за 

подобряване на състава на отработилите газове и въвеждане на 

технологии и системи за подобряване на горивните процеси. 

Едно научно обосновано и ефективно решение с висока 

практическа стойност е дадено в [1,2,5]. 

5. Заключение 

1) Водният транспорт, независимо от постоянното 

усъвършенстване чрез големи капиталовложения в 

автомобилния и въздушния транспорт, на практика се оказва 
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най-евтин. Това се дължи на транспортирането на  големи 

обеми от товари, които се реализират с корабните транспортни 

средства. Основен проблем при тези процеси се явяват 

обработката на товарите (товарене, укрепване за безопасен 

транспорт  и разтоварване). 

2) Разглеждането на водния транспорт (корабни 

транспортни средства и пристанища) като обект на изследване 

и управление със специфичните си характеристики изисква нов 

подход, основаващ се на съвременните достижения на 

Кибернетиката (наука за обработка на информацията, 

моделиране и управление) в съчетание с постоянно развитие на 

техниката и технологиите за този тип дейност.  

3) Съществени са проблемите по обработката на 

товарите -обикновено се решават чрез представяне на товарите 

в подходящ вид (контейнери, палети и др.), където това е 

възможнo, както и в създаване на транспортни кораби с 

подходящи характеристики. С това се постига по-голяма 

икономия на време за обработката на товарите и в крайна 

сметка като цяло по-висока ефективност от транспорта. 

4) Развитието и усъвършенстването на водния транспорт 

следва да се разглежда в съответствие с единната политика на 

ЕС чрез изпълнение на общи директиви. 

5) Налице е потребност от изясняване на влиянието на 

ПЧИ върху водния транспорт. В настоящия момент липсват 

специализирани изследвания в тази посока. Оценката на 

състоянието и приетият подход за подходящо стимулиране на 

ефективни ПЧИ неминуемо ще оказва влияние при 

управлението му.  
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[14]. https://www.consilium.europa.eu 
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METHODOLOGY SIGMA 6 FOR HEATED CANNED FOODS 
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Dept. of Informatics and Statistics, Faculty of Economics, University of Food Technologies, Plovdiv, Bulgaria1 
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Abstract: A serious shortage of electricity and a significant rise in electricity prices is a problem for all industries. The electricity market 

is volatile, increasing the risk to the sustainability of the future energy system, along with the accelerated introduction of more stringent 

climate and environmental protection requirements. Therefore, an energy management system can provide the right approach to identify 

opportunities and sustainable improvements in the canning industry. 

Keywords: HEAT PROCESS, INFORMATION SYSTEM, ENERGY EFFICIENCY, 6 SIGMA 

 

1. Въведение 

Шест Сигма е структуриран подход за подобряване 

показателите на производството, както и инструментариум с 

набор статистически и не статистически методи [7]. Използва 

се за: 

- Разработка на нови процеси, продукти и услуги 

(инструментариум DMADV: Define – определяне, Measure – 

измерване, Analysis – анализ, Design – дизай, Verify – 

верификация); 

- Поевтиняване и автоматизация на процеси 

(инструментариум DMADDD: Define - определяне, Measure -  

измерване, Analyze-анализ, Design – дизайн, Digitize - 

цифровизиране, Draw-down - очертаване надолу); 

- Усъвършенстване на съществуващите процеси, 

продукти и услуги (инструментариум DMAIC: Define – 

определяне, Measure – измерване, Analysis – анализ, Improve – 

подобряване, Control – контрол). 

2. Методика за контрол 

Проектираното количество топлинна обработка е най-

важното доказателство за всички топлинно обработени храни. 

За да бъде тази обработка ефективна, е необходимо да 

разполагаме с физичните, химичните и микробиологичните 

характеристики на всеки продукт, тъй като те оказват 

въздействие върху степента на проникване на топлината и 

трябва да се вземат в предвид при определянето на режимите 

на стерилизация. Продуктите трябва да бъдат 

охарактеризирани от гледна точка на тяхната плътност, pH, 

температура, налягане, микробиологично заразяване, aw, 

съдържание на газ, корозионни свойства.  

Предвиждането на топлинните ресурси, необходими за 

обработката на продукта, започват с измерване на 

проникването на топлината в продукта и изчисляване на 

необходимото време/температура, определяне на леталната 

топлина, която продуктът получава за времето на обработка. 

При всеки етап на топлинната обработка на храни е необходим 

контрол (Фигура 1) [6]. 

 

Фигура.1.1 Методика за контрол 6 сигма 

Топлинната обработка трябва да отчита всички критични 

фактори, които могат да възникнат при преминаването на 

топлина в опаковките. Всеки температурен режим трябва да 

отчита използваното оборудване на загряване и отстраняването 

на газовете.  

 

Водата, използвана за охлаждане на опаковките, трябва да 

бъде без вредни микроорганизми.  

Нивото на аеробните микроорганизми трябва да бъде 

100бр/мл. при инкубация 5 дни при 25оС в петриеви блюда. 

 Нивото на хлориране се определя от контролните органи, 

като то трябва да бъде запазено и след охлаждането на 

опаковките. Проверката е четири пъти дневно. Охладените 

опаковки не трябва да бъдат обработвани, докато са влажни. 

При топлинната обработка на консервирани храни може да 

се усъвършенстват съществуващите процеси и продукти 

(инструментариум DMAIC), фигура 1.2 [5]: 

 

Фигура 1.2 Последователни стъпки DMAIC 

D definition (определяне) – ясно определяне целите на 

проекта и очаквания икономически ефект. 

M measurement (измерване) – оценка на  проблема и 

измерване началните значения на параметъра. 

A analysis (анализ) — чрез използване на статистика се 

получава пълна картина на проблема. 

I improvement (подобрения) — разработка на принципиално 

ново решение в организацията. 

C control (управление) — вграждане на решението в 

стандартната система за управление, така че подобрението да 

придобие необратим характер. 

3. Метод и резултати от изследването 

При производство на една и съща храна на различни 

технологични линии може да има различни стъпки, различни 

опасности, различен риск и оттам – различни критични 

контролни точки (ККТ). Това може да се дължи на различията 

във всяко предприятие, които касаят: структурата на 

технологичния процес, вида на използваното технологично 

оборудване и съоръжения, подбора на добавките, или пък 

различие в процеса, който се използва.,  

ККТ трябва да бъдат внимателно идентифицирани с 

помощта на точен алгоритъм, фигура 1.3.  
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Старт

Има ли установени на място 
ДХП/ДПП контролни мерки за 

изследваната опасност на 
процеса стерилизация

Коригиране на технологичната стъпка или на продукта

Необходим ли е контрол на тази 
технологична стъпка за целите 
на безопасността на храната?Дали текущата технологична 

стъпка е предназначена е 
предназначена да намали 

опасността до приемливо ниво? 

Може ли да се получи 
замърсяване до неприемливо 

ниво?

Има ли следваща технологична 
стъпка, която да се отстрани или 

намали опасността до 
приемливо ниво?

ККТ

Няма ККТ

Да се примине към 
срледваща опасност

Да Не

Да

Не

Не

Да

Да

Не

Да Не

 

Фигура 1.3 Алгоритъм за определяне на критични контролни 

точки (ККТ) 

Най-често това е т.нар. "Дърво на решенията", с което се 

определят кои от стъпките при приготвянето на храната трябва 

да бъдат дефинирани като ККТ. 

Всяка ККТ се характеризира с един или няколко контролни 

параметъра, представляващи величини, които бързо могат да 

бъдат измерени и чието управление може да осигури 

безопасността на храните по отношение на идентифицирана 

опасност. Най-често за контролни параметри се ползват 

температурата, времето, pH, сухото вещество, налягането и 

вакуумът. 

За всяка определена ККТ се установяват границите, в които 

трябва да се движат контролните параметри, без това да 

създава проблем за осигуряване на безопасността на храните, а 

понякога се задават и целеви стойности, т.е. такива, при които 

технологичният процес протича най-добре. Критичните 

граници (КГ) на контролния параметър определят интервала, в 

който той е под контрол и съответната опасност е овладяна. 

Всяка ККТ се характеризира с един или няколко контролни 

параметъра, представляващи величини, които бързо могат да 

бъдат измерени и чието управление може да осигури 

безопасността на храните по отношение на идентифицирана 

опасност. Най-често за контролни параметри се ползват 

температурата, времето, pH, сухото вещество, налягането и 

вакуумът. 

За всяка определена ККТ се установяват границите, в които 

трябва да се движат контролните параметри, без това да 

създава проблем за осигуряване на безопасността на храните, а 

понякога се задават и целеви стойности, т.е. такива, при които 

технологичният процес протича най-добре [2]. 

Прилагането на общ еталон за измерване, позволява да се 

поставят достижими краткосрочни и дългосрочни цели по 

качество и да се измерват съответните резултати. 

 

 
Формиране на НАССР екип

Описание на продукта

Начин на употреба и очаквани консуматори

Съставяне на схема на технологичния процес

Проверка на място схемата на технологичния 
процес

Описание  и анализ на потенциалните 
опасности. Набелязване на контролни 

параметри.

Определяне на критични контролни точки - 
КТК

Установяване на критични граници за всяка  
КТК

Въвеждане на система за мониторинг на 
всяка КТК

Въвеждане на коригиращи действия

Валидиране на НАССР плана

Въвеждане процедури за НАССР 
документация

1
2

3
4

5
6

7
8

9
1

0
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Н
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Херметически затворени стерилизирани/
пастьоризирани продукти

Не се изисква термична обработка след 
отваряне. Съхранение в хладилник до 7 дни.

Принцип 1

Принцип 2

Принцип 3

Принцип 4

Принцип 5

Принцип 6

Принцип 7

Преживяване на нежелана микрофлора 
вредна за здравето на човека и влошаваща 
качеството на продукта, която би могла да се 
умножи по време на съхранение на 
продукта. Контролните параметри са време 
и температура, които като водят до 
определен стерилизационен ефект.

Стерилизацията/пастьоризацията са винаги 
критични контролни точки

Задават се минимални стойности на 
температура и време на работното тяло 
извън опаковката, така че да се постигне 
стерилизационен ефект съответстващ на 
определени индикаторни микроорганизми.

По време на редовен производствен се 
наблюдава време/температурната крива за 
работното тяло извън опаковката при 
стерилизатори с периодично действие. 
Процес. Мониторингът се извършва за всеки 
цикъл. Допуска се водене на записи ръчно, 
но за определени пазари и клиенти (САЩ) 
мониторинга трябва да бъде в дигитален 
формат.

При излизане извън границите на при 
контрола на стерилизационния процес се 
удължава времето за стерилизация или се 
повтаря самия процес.

Валидирането на НАССР плана се извършва 
чрез определянето на стерилизационния 
ефект на база направените измервания. 
Освен това се извършват микробиологични 
анализи в акредитирани лаборатории.

За наблюдение на ККТ се изготвят 
процедури за стерилизация/пастьоризация, 
включващи мониторинг, коригиращи 
действия и валидиране/верификация. 
Изготвят се дигитален архив на записи от 
процесите. При определени условия се 
допускат и ръкописни записи.

 

Фигура 1.4 Формиране на  НАССР план 

Алгоритъм на работа при определяне на 

време-температурните режими 

 

Предложеният алгоритъм за работа е лесно приложим при 

всяка промяна на рецептура или големина и тип на опаковката. 

От решаващо значение в случая е правилното и обосновано от 

технологична гледна точка определяне на стойността на 

Fнеобходимо, стойността на z и температурата на задържане. 
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При използване на коригиран режим е важно спазването на 

същите начални условия на проведената стерилизация (начална 

температура на опаковката, начална температура в автоклава и 

стабилност на технологичните параметри), за да се получи 

ефективен процес на стерилизация по отношение на 

безопасността и хранителната стойност на консервата. 

4. Заключение 

Методът Сигма 6 се отнася до принципите на създаване на 

без дефектни продукти и услуги. Той помага на 

производителите да насочат усилията си върху качеството във 

всеки аспект на тяхната дейност. Терминът „сигма― се отнася 

до отклонението от идеалното ниво на работа, като всяко ниво 

на сигма, започвайки от 1, позволява допускането на все по-

малко дефекти. Сигма 6 е близък до идеалния случай, като 

изисква постигането на едва 3,4 дефектни единици на милион 

произведени. Високото качество на производствения процес в 

тази концепция се описва като σ-рейтинг на отклоненията, или 

чрез процента на бездефектната продукция на изхода. 

Всъщност целта е: отстраняване на непроизводителните 

действия; съкращаване на времето на производствения цикъл; 

повишаване на печалбата. 
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Abstract: The concept of a circular economy is a model of production and consumption that minimizes waste in the environment. It 

brings benefits not only to nature but also to the economy and society as a whole. This is a model aimed at extending the product life cycle. 

When a product reaches the end of its life, the materials of which it is composed continue to be reused. This is repeated many times to 

minimize waste disposal. In practice, this means sharing, borrowing, reusing, repairing and recycling existing materials and products as 

long as possible. The bio- economy in the European Union is growing much faster than the rest of the economy, which will lead to the 

creation of more jobs and the continuation of the digital transformation of the European economy. Bio-economy covers all sectors and 

systems that use biological resources. It is one of the largest and most important sectors of the EU and includes agriculture and forestry, 

fisheries, agro-food, biomass and bio-based products. Its annual turnover is about 2 trillion euros, and it employs about 18 million people. 

Bio-economy is also a key area for stimulating growth in rural and coastal areas. The new bio-economy strategy fits in with the 

Commission's efforts to further boost jobs, growth and investment. It aims to improve and expand the sustainable use of renewable sources to 

overcome global challenges such as climate change and sustainable development. The purpose of the study is to analyze the situation in 

Bulgaria for the development of the bio- sector in terms of production capacity, potential for growth of the bio-production sector, to study 

the conditions, difficulties and prospects for the development of exports of bio- products. The analysis will serve to evaluate the opportunities 

for Bulgarian bioeconomy development, the innovation encouraging measures in this sector and the diversification of this sector. The results 

of the Bioeconomy research distinguish strategic areas: sustainable consumption and production through responsible consumers and 

producers;  knowledge society through information development and training; government to help adapting to new business realities; 

climate change and energy; sustainable transport and mobility; conservation and sustainable management of biodiversity and natural 

resources; public health and risk prevention with an emphasis on environmental quality; demography and migration and social inclusion; 

challenges in the field of sustainable development; global poverty reduction.  

Keywords: BIOECONOMICS, CIRCULAR ECONOMY, IINDUSTRIAL SYMBIOSIS, SUSTAINABLE DEVELOPMENT 

 

1. Introduction 

The concept of a "circular economy" emerged in the second half 

of the twentieth century, although the idea for it was very old [1]. 

One can even say that it has emerged since the emergence of 

economic relations, but as a result of rapid economic boom and 

industrialization has been left in the background [2]. 

A more in-depth study of human history shows that so far, 

economic relations have been largely circular [3]. Materials that 

have been used to produce various goods over time, have either 

been incorporated into new ones or have been discarded, but due to 

their organic nature, have decomposed [4]. 

Until the twentieth century, there were virtually no synthetic 

materials, such as plastic products today,that cannot be degraded 

naturally in nature [5]. As a result of technological advances 

beginning in the mid-19th century, a linear economic model has 

gradually emerged whereby raw materials are used to create goods 

and are discarded after their useful lives. It relies on access to large 

quantities of cheap materials and energy sources. The point is that 

in order to increase sales, manufacturers build defects in appliances 

to stop working after a certain warranty period or after a certain 

number of cycles, and thus force consumers to buy new ones [6]. 

All this leads to the creation and maintenance of landfills for 

non-consumable goods, but due to the presence of toxic substances 

in the composition of some of them initiate pollution processes in 

the environment [7]. Environmental pollution - the atmosphere, 

water and soil, in some industries - begins with the extraction of 

raw materials and the production of products. 

In recent years, there have been a number of alarming 

phenomena related to climate change, environmental pollution and 

poor quality of life [8]. These phenomena reveal the weaknesses of 

the linear model in economic development according to which 

goods are produced, then consumed and finally discarded, without 

looking for ways to reuse them [1], [9]. 

Unlike the traditional linear economic model, the circular 

economy model offers a different approach - once they fulfill the 

functions for which they are created, goods (various objects and 

materials) need to be recycled in order to become a resource again. 

In this way, the materials used are transformed into a resource for 

the production of new products and rotated in a closed cycle, 

achieving a state of the economy without waste [10], [11]. 

 

2. Exploration 
The bioeconomy covers all sectors and systems that rely on 

biological resources (biomass from animals, plants, 

microorganisms, including organic waste), their functions and 

principles. It includes and interconnects: terrestrial and marine 

ecosystems and the services they provide; all primary production 

sectors using and producing biological resources (agriculture, 

forestry, fisheries and aquaculture); and all economic and industrial 

sectors that use biological resources and processes for the 

production of food, feed, organic products, energy and services 

[12]. For the European bioeconomy to be successful, it must be 

based on sustainability and circularity. This will stimulate the 

renewal of our industries, the modernization of our primary 

production systems, the protection of the environment, and improve 

biodiversity. 

     Bio-economic research is still in its infancy, but is viewed as a 

renewable segment of the circular economy that makes bio-waste 

and residues a new valuable resource. The aim of the bioeconomy is 

to build an innovative low-emission economy that integrates the 

requirements for sustainable agriculture while protecting 

biodiversity and the environment. The combination of economic 

models and environmental management methods with empirical 

biology contributes to the more efficient management of the eco-

resources offered by a biological system. The application of eco-

resources in the circular economy model presents the bioeconomy 

as a renewable sector in the circular economy, which makes it an 

integral part, structure-determining and strategic factor in the 

circular economy. 

According to data from the European Commission's Research 

Center, bio-economy turnover by 2018 across the EU is over € 2.3 

trillion. The workforce employed in various sectors (mainly the 

agricultural and food sectors) accounts for 8.2% of the EU-wide 

workforce28, representing over 18 million people. According to 

industry estimates, over one million new jobs could be created in 

the bio-industry by 2030. A strong and fast-growing ecosystem of 

start-ups will play a leading role in realizing this potential. These 

indicators place the bioeconomy among the key elements for the 

successful functioning of the EU economy [13]. 

      In practice, the circular economy involves minimizing waste. 

When a product reaches the end of its life cycle, its constituent 

materials are stored within the economy for as long as possible. 
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They can be used over and over again, thus creating added value. 

Measures leading to a circular economy include the reuse, repair, 

refurbishment and recycling of existing materials and products. 

What turns into waste is a valuable resource [14]. 

    To date, most of the world's leading economies have recognized 

the need to move from a linear to a circular economic model and 

make it a priority for their economic development [15]. 

The main objective for EU countries is to reduce their waste, in line 

with the European Commission's strategy for the transition to a 

circular economy, where waste is prevented and materials are 

recycled. According to the latest Eurostat statistics, there has been 

little progress towards reducing waste across the EU by 2018. 

(fig.1) EU28 countries generated 487 kg of waste per person in 

2017. These are only eight kilograms less than the 496 kg generated 

in 1997, when data for the first time were recorded in this direction. 

 

 
Source: Eurostat 

Fig. 1 Waste generation for the period 1997-2017, EU 

      

       Each country treats its waste differently. The data for 2017 are 

presented in Figs. 2 and provide detailed information on the type of 

waste treatment activities that have been used in different countries 

by 2018. The graph shows that virtually no waste is sent to landfills 

in Belgium, Slovenia or Norway. 

 
Source: Eurostat 

           Fig. 2. Waste treatment in EU countries, 2018  

 

   Changes in waste treatment operations between 1995 and 2018 at 

EU level are shown in fig. 3 and 4. A significant decrease in the 

share of landfill can be observed, at the expense of an increased 

share of recycling, composting and incineration. Thus, the share of 

recycled waste increases from 11 to 29% between 1995 and 2018. 

Recycling and composting together represent 45% in 2018 

compared to waste generation compared to 17.5% in 1995. This 

change may is also observed with respect to a significant increase in 

the use of energy recovery burns (R1) compared to non-energy 

recovery burns (D10). 

      
                                                Source: Eurostat 
    Fig. 3 Waste distribution                                  Fig. 4 Waste distribution  

                 in the EU, 1995                                           in the EU, 2017 
A breakdown of the economic sectors for 2018 year and the 

types of waste they generate are presented in Fig. 5 and Fig. 6. 

 

 

 
Source: Eurostat 

         Fig. 5 Waste generated by economic sectors in the EU    
 

 
Source: Eurostat 

             Fig. 6 EU-generated waste types 
 

For the period 2010-2007, the level of circular use of materials 

across the EU has been gradually increasing. (Figure 7) By this 

indicator, Bulgaria also reports progress, but at levels much lower 

than the EU average. If we keep the pace until 2022, our country 

may reach the European average. 

Source: Eurostat (CMU)  
               Fig. 7 Use of materials in the circular economy      
 

By 2010, bio-waste is practically not recycled in Bulgaria 

(Fig.8). After 2015, when the circular economy policy is adopted, 

Bulgaria is beginning to improve its indicators in this direction. 

The recycling of bio-waste shows how the idea of closing the 

circular economy is developing and to what extent it is closed. 

   Source: Eurostat (CMU)  
               Fig. 8 Bio-waste recycling kg / person  
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 2.1. Potential opportunities 

 Moving towards a more circular economy has both an 

environmental and economic rationale. Potential opportunities 

include: 

• Reduced pressures on the environment: a circular economy 

would significantly reduce greenhouse gas (GHG) emissions 

through better waste management3 and reduced use of resources 

(such as energy, water, land and materials) in manufacturing, 

with positive impacts on the climate. Large-scale reuse of raw 

materials could help reduce landscape and habitat disruption as 

well as marine littering, which would in turn help to limit 

biodiversity loss. 

• Enhanced security of supply of raw materials: a circular 

economy would mitigate risks associated with the supply of raw 

materials, such as price volatility, availability and import 

dependency. According to Eurostat data, the EU currently 

imports, in raw material equivalents, about half the resources it 

consumes.4 

• Increased competitiveness: a circular economy could bring 

savings to businesses and consumers through improved 

resource efficiency. A 2015 Ellen MacArthur Foundation report 

estimates that by 2030, a shift towards a circular economy could 

reduce net resource spending in the EU by €600 billion 

annually, bringing total benefits estimated at €1.8 trillion per 

year once multiplier effects are accounted for. Additionally, 

research suggests that stricter environmental legislation can 

provide a competitive advantage to businesses.5 

• Innovation: a circular economy could trigger a large innovation 

drive across sectors of the economy because of the need to 

redesign materials and products for circular use. The McKinsey 

& Company consultancy highlights that this would apply even 

in sectors not normally considered as innovative, such as the 

carpet industry. 

• Growth and jobs: a circular economy could strengthen growth 

and create new jobs. It is estimated that the transition would 

increase GDP by 1 to 7 percentage points by 2030, depending 

on whether a higher pace of technological change is taken into 

account,6 and that it would have an overall positive impact on 

employment,7 although jobs in specific sectors could also be 

threatened. 

2.2. Potential challenges 
A transition towards a more circular economy would face a 

number of barriers and challenges. Potential challenges include: 

• Finance: a transition to a circular economy would involve 

considerable transition costs, such as R&D and asset 

investments, subsidy payments to promote new business 

models, and public investment in waste management and digital 

infrastructure.8 For businesses, in particular small and medium-

sized enterprises (SMEs), the cost of 'green' innovation and 

business models is considered as one of the major barriers to the 

adoption of more sustainable practices. The lack of appropriate 

finance tools for mass market development of radical 

innovations is also seen as an issue. 

• Key economic enablers: a series of key economic enablers are 

lacking, inter alia, pricing systems encouraging efficient 

resource reuse and reflecting full environmental costs; 

incentives for producers and recyclers to work together in order 

to improve performance within and across specific value chains; 

and markets for secondary raw materials. 

• Skills: a circular economy would require technical skills which 

are currently not present in the workforce. Skills would for 

instance enable businesses to design products with circularity in 

mind, and to engage in reuse, refurbishment and recycling. 

Missing technical skills could be particularly problematic for 

SMEs. 

• Consumer behaviour and business models: a circular 

economy would require systemic shifts in consumer behaviour 

and business models, with implications for everyday behaviour, 

in terms of waste sorting and food waste for instance. Many 

industries are currently based on a fast turn-around driven by 

fashion (typified by fast fashion in clothes and electronic 

devices, among others). Businesses and consumers have little 

knowledge about the potential benefits of a circular economy 

and tend to be reluctant to adopt new business models (e.g. 

leasing rather than owning). 

• Multi-level governance: a transition to a circular economy 

would require action at many levels (e.g. international, 

European, national, local, business, and individual) and in many 

policy areas (e.g. waste management, professional training, 

packaging and product design, research and development, and 

finance). External trade aspects and existing EU policies such as 

the internal market would have to be taken into account. 

2.3. A new circular economy package 

The European Commission put forward an initial circular 

economy package in July 2014, but withdrew the legislative 

proposal on waste included in the package in February 2015, in 

order to make way for new proposals. On 2 December 2015, the 

European Commission presented its new circular economy package 

containing a communication (action plan for the circular economy, 

together with a list of measures in annex) and four legislative 

proposals on EU waste policy.9 

Among the main measures put forward in the four legislative 

proposals on waste policy, the following can be underlined: 

• setting new waste management targets to be met by 2030, in 

particular increasing the share of municipal waste prepared for 

reuse and recycling to 65%, increasing the share of packaging 

waste prepared for reuse and recycling to 75% (with specific 

targets for various materials used in packaging), and gradually 

limiting municipal waste landfill to 10%; 

• introducing an early warning system for monitoring 
compliance with targets; 

• setting minimum requirements for extended producer 

responsibility schemes and differentiating the contribution paid 

by producers on the basis of the costs necessary to treat their 

products at the end of their life; 

• promoting prevention (including for food waste) and reuse; 

• streamlining provisions on by-products and end-of-waste 

status (the stage at the end of the waste treatment process when 

materials are no longer considered waste, provided they meet 

certain conditions); 

• aligning definitions, calculation methods for targets, 

reporting obligations and provisions on delegated and 

implementing acts. 

The action plan for the circular economy aims to close the 

loop by complementing the measures contained in the legislative 

proposals and to contribute to meeting the United Nations 

Sustainable Development Goals (SDG) adopted in 2015, in 

particular Goal 12 on sustainable consumption and production. The 

action plan highlights several broad areas for action besides waste 

management: 

• Regarding production, the Commission intends to improve 

product design by promoting the reparability, durability and 

possibilities for upgrading and recycling of products through the 

Ecodesign Directive and extended producer responsibility 

schemes. It also intends to foster resource efficiency in 

production processes and to facilitate industrial symbiosis 

(turning one industry's by-product into another industry's raw 

material) in order to reduce environmental impacts and to create 

business opportunities, in particular for SMEs. 

• Regarding consumption, the Commission intends, among other 

things, to better inform consumers about the sustainability of 

products through labelling, to encourage innovative forms of 

consumption (e.g. sharing products or consuming services 

rather than products), and to integrate requirements promoting a 

circular economy in 'green' public procurement. 
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• The Commission intends to help create markets for secondary 

raw materials by setting quality standards for materials 

recovered from waste, encouraging nutrient recycling in 

fertilisers, and promoting non-toxic recycling cycles. It also 

intends to facilitate the safe reuse of treated wastewater. 

• The Commission proposes to promote innovation for a circular 

economy through a series of existing instruments (e.g. the 

research framework programme Horizon 2020), to foster new 

skills within the workforce, and to engage with stakeholders 

through sectoral platforms. 

• The Commission plans to propose a monitoring framework for 

the circular economy by building on existing indicators. 

The action plan presents measures in five priority sectors: 1) 

plastics, 2) food waste, 3) critical raw materials, 4) construction and 

demolition, 5) biomass and bio-based products. On marine litter, 

the Commission retains the aspirational objective set in 2014 to 

reduce marine litter by 30% by 2030. On food waste, the 

Commission indicates that it is committed to the 2030 target set in 

the Sustainable Development Goals to 'halve per capita global food 

waste at the retail and consumer levels', inter alia, by developing a 

common methodology to measure food waste and clarifying EU 

legislation on waste, food and feed. 

Across these areas and priority sectors, several types of 

measures can be identified, inter alia: 

• legislative measures: e.g. putting forward a revised Regulation 

on fertility and a proposal on water reuse for irrigation, 

integrating circular economy requirements in implementing 

measures under the Eco design Directive; 

• communications and reports: e.g. communication on waste-

to-energy, strategy on plastics, report on critical raw materials; 

• implementation and enforcement: e.g. on waste shipments, 

end-of-life vehicles, or food donation and use of former 

foodstuffs for animal feed; 

• guidance and best practices: e.g. integrating waste 

management and resource efficiency in Best available 

techniques Reference documents (BREFs); 

• indicators: e.g. developing indicators to measure food waste 

and to assess the lifecycle environmental performance of 

buildings; 

• standards: e.g. developing standards for recycling of electronic 

waste and batteries, promoting voluntary standards for the 

recycling of construction and demolition waste; 

• support: e.g. improving the exchange of information between 

manufacturers and recyclers of electronic products, setting up a 

pilot project addressing possible regulatory obstacles for 

innovators; 

• financing instruments: e.g. encouraging uptake of funding 

under the European Fund for Strategic Investments (EFSI) and 

cohesion policy funds for the circular economy. 

     Besides these measures, the Commission intends to consider 

possible options – such as the need to ensure the non-toxicity of 

recycled materials, the contribution of the bioeconomy to the 

transition, the improvement of date labels on food, or financial 

support for the transition to a circular economy. 

 Conclusion 
     The environmental approach, in Bulgaria, as a reflection of the 

broader concept of sustainability, is reflected in Bulgaria's National 

Environmental Strategy; The National Environmental and Health 

Program; in the Innovative Strategy for Intelligent Specialization of 

the Republic of Bulgaria 2014-2020. In Bulgaria, however, there is a 

lack of statistical information on the supply and demand of bio-

products and bio-services. It is necessary to analyze the structure of 

production and consumption of these products. Financial measures 

should be combined with marketing measures to support these 

products. Last but not least, financial incentives are needed to start 

and expand the bio-sector in Bulgaria. The competitive advantages 

of the bioeconomy need to be widely publicized. It is necessary to 

develop a Bulgarian strategy so that these measures can be included 

in the operational programs for the coming years.  

     Economic progress leads to the depletion of natural traditional 

resources. The problem stems from the fact that the deficit covers 

not only non-renewable, but also renewable resources - those of 

ecosystems and biodiversity. The destruction of nature, which is the 

basis of human life, has its negative social consequences - it 

increases poverty and disrupts the structure of production and 

consumption. On the other hand, renewable resources are not valued 

in a decent way, which puts them at a further risk of destruction.  

     All of the above determines the transition to a bioeconomy and 

sustainable development economy. Addressing environmental issues 

necessarily requires macroeconomic political intervention. So far, 

unfortunately, no realistic model of society has been proposed that is 

in line with environmental values and often environmental issues 

become an election tool for manipulating the public. 

This report is funded from the National Science Program 

"Healthy Foods for a Strong Bioeconomy and Quality of Life" of 

the Ministry of Education and Science, approved by decision of 

the Council of Ministers №577 / 17.08.2018 , contract No 68 / NSP 

under Work Package 4.3 “Analysis and profile of the status and 

potential of the regional bioeconomy" 

References: 

[1]. OECD (2016) The Bioeconomy to 2030: Designing a Policy Agenda. 
       OECD Publishing. Paris. 

[2]. LAW on Energy Efficiency Prom., SG, nos. 38 from 8.05.2018, in force 

       as of 8.05.2018 
[3]. ORDINANCE on the methodologies for determining the national  

      indicative targets, Art. 10, para. 1 of the Energy Efficiency Act, Adopted 

      by Decree of the Council of Ministers No 79 of 2011. 
[4]. National Strategy in the Field of Energy (with Focus on Electric Power  

       Engineering) BAS, Sofia, 2017. 

[5]. Öko-Institut, Study on Technical Assistance in the Realization of the 

2017 

        Report on Renewable Energy 

[6]. Tepavicharovа, M., (2016), “Possibilities of benchmarking for measuring 

       the effectiveness of the human resources  management in the 
      organization”, KNOWLEDGE, International Journal Scientific papers, 

       Vol.15.2, p. 549– 554, ISSN 1857-92  

 [7]. Mihova, T., Anguelov, K., (2018), Research on interactions among 
        universities and high-technological enterprises аt  qualification of 

       employees, IX National conference with international participation  

       ELECTRONICA, Sofia  
[8]. Londev A.,(2015) „Fiscal Stability of the Economy“, Yearbook of the 

       Higher School of Security and Economics,  Plovdiv, vol 12, ISSN 1313- 

       8472, pp. 197-206  
 [9]. Topleva, S. (2014), Corporate social responsibility as a business model 

        for the sustainable tourism development Scientific Journal 

        L’Association «SEPIKE», France, № 7, e-ISSN: 2372-7438, pp. 165-
169 

[10]. Ganchev D.,(2016), “Prospects for Economic Growth of the Bulgarian 

          Economy”, International Scientific  Conference "Economic Welfare 
         through Sharing Knowledge", 80th Anniversary of  "D. A. Tsenov”,  

         November 9-10, Svishtov, vol. 1, pp. 217-222  

[11]. Kulova, I.,(2018), Mihaylov, М., Digital marketing – the key to 
        successful electronicbusiness, Conference with International  

        Participation “Food Science, Engineering and Technology – 2018”,   

        Volume 65, Issue 1, E-ISSN 2535-1311 online version, pp. 205-210 
[12]. Льондев Ат. (2016)   Фискална хармонизация, конкуренция,  

         федерализъм и децентрализация в ЕС, Юбилеен  сборник ВУСИ, 

          изд. ВУСИ,ISSN 978-619-7343-00-7, стр.110-116, 
[13]. Димитрова Сн. (2016), Влияние на външната среда върху 

         управлението на организацията. Mеждународна научна 

         конференция „Съвременни заплахи за сигурността на Европа”,  
         Издателство ВУСИ, ISBN 978-954-92776-0-9 стр. 462-472, 

[14]. Ганчев Д.  и Найденов С., (2018) Българската индустрия и  

         технологичните предизвикателства, Единадесета международна  
         научно-приложна конференция „Цифрова икономика и блокчейн  

         технологии”, Варна, ISBN 978-619-7026-28-3; стр. 203-209 

[15].   Михова Т., (2015) Посткризисно развитие на хранително-
вкусовата  

          промишленост в България, Сборник, Том  II, Доклади от  

          Международна научна конференция „Посткризисно управление в  
          бизнеса”, ХТМУ-София 

 

 

INDUSTRY 4.0 2019, WINTER SESSION

274

http://www.europarl.europa.eu/RegData/etudes/BRIE/2015/554208/EPRS_BRI(2015)554208_FR.pdf
http://www.europarl.europa.eu/RegData/etudes/BRIE/2015/554208/EPRS_BRI(2015)554208_FR.pdf
http://www.europarl.europa.eu/RegData/etudes/BRIE/2015/554208/EPRS_BRI(2015)554208_FR.pdf
http://www.europarl.europa.eu/RegData/etudes/BRIE/2015/554208/EPRS_BRI(2015)554208_FR.pdf
http://www.europarl.europa.eu/RegData/etudes/BRIE/2015/554208/EPRS_BRI(2015)554208_FR.pdf
http://www.europarl.europa.eu/RegData/etudes/BRIE/2015/554208/EPRS_BRI(2015)554208_FR.pdf
http://eippcb.jrc.ec.europa.eu/reference/
http://eippcb.jrc.ec.europa.eu/reference/
https://ec.europa.eu/research/bioeconomy/index.cfm


RESEARCH ON THE DEVELOPMENT OF BIO-ENTREPRENEURSHIP IN 

BULGARIA 

 
Associate Prof. Alexieva-Nikolova V. PhD.1, Assistant Prof. Valeva K. PhD.2, 

Business Faculty  –  University of Food Technology -Plovdiv, Bulgaria, valentina_nikolova@abv.bg 1 

Business Faculty  –  University of Food Technology -Plovdiv, Bulgaria, tomika_888@yahoo.com 2 

 

Abstract: In order to thrive, a market economy needs leaders, companies and institutions that implement innovative ideas and business 

decisions. The sustainable development and long-term prosperity of the European economy depends to a large extent on fully unlocking the 

potential of the bio-economy. The bio-economy is seen as an innovative approach to achieving sustainable development in production and 

consumption, sustainable economic development and raising the standard of living of the population by protecting the environment and 

resources to solve the problems of the population by integrating the available natural and labor resources, production capacities. The 

achievements of science in the production of material goods, the conversion of production and energy, for the fuller utilization of organic 

and mineral resources as a raw material resource. Entrepreneurship in the various sectors of the bio-economy is a vital element in this 

process. Entrepreneurial activity is the result of the interaction between the person's perceived opportunity, the ability (motivation and skills) 

to seize this opportunity and the conditions of the environment in which he or she is. The purpose of the report is to examine the conditions 

that influence the development of bio-entrepreneurship in Bulgaria. The analysis has been conducted mainly on the basis of interviews and 

discussions with bio- producers from the 6 main area of Bulgaria between February and July 2019. The sample of 285 respondents was 

drawn up on the basis of the expressed interest of the invited bio-producers to participate in the survey and on the pre-selection of their field 

of activity. The survey was conducted through direct meetings with the companies surveyed. The results show that Bio-entrepreneurship is 

changing the economy. This is due to the speed at which the ideas of bio-entrepreneurs are developing - people are bringing in their work 

and creativity. The development of bio-entrepreneurship contributes to the economic growth of economically backward regions in Bulgaria, 

as well as to the development of society as a whole. 

KEYWORDS: BIO-ENTREPRENEURSHIP, BIO-ECONOMY, BIO-PRODUCTS, BIO-STARTUPS 

1. Introduction 
The different regions of Europe and Bulgaria are diverse in 

economic, environmental and cultural terms [1], [2]. These areas are 

home to a wealth of ecosystems and resources, where the 

bioeconomy opens up various job opportunities in non-urban areas 

and sustainable growth [3]. The bioeconomy is an innovative 

approach to solving the problems of the population by integrating 

the available natural and labor resources, production capacities, the 

achievements of science in the production of material goods, the 

transformation of production and energy for the full use of organic 

and mineral sources as a raw material resource [4]. The aim is to 

achieve sustainable development of production and consumption, 

stable economic development and raise the standard of living of the 

population while preserving the environment and resources. The 

bioeconomy can turn algae into fuel, recycle plastics, produce 

furniture or garbage, or create biological fertilizers from industrial 

waste. The main objective of the bioeconomy is to make maximum 

use of all sources of organic and mineral resources (derived from 

agriculture, forestry, fisheries, aquaculture and industry), which 

through the achievements of innovative biotechnology and 

nanotechnology will turn into a by-product and end result [5], [6]. 

The main task of the bioeconomy is to achieve sustainable 

development in the agrarian sector, forestry, industry, energy, to 

improve the market realization, to increase the employment of the 

population, to increase the competitiveness of the economy [7]. The 

bioeconomy as an innovative direction in the organization of the use 

of natural resources, the expansion of energy production from 

renewable and non-renewable energy sources and products for 

consumption, creates the potential for large-scale bio-

entrepreneurship, employment of the population and raising the 

standard of living and quality of life, regional development and 

economic Europe's prosperity [8]. 

 

2. Exploration 
Organic farming is one of the sectors in Bulgaria that has been 

developing at a rapid pace over the past few years - areas, animals, 

the number of operators registered are increasing, statistics reports. 

However, the upward pace also has problems for people in the 

industry. 

In 2016, the number of registered organic producers, processors 

and traders in the country is 7262. Their number has increased 

nearly seven times compared to 2011, announced Anton Velichkov, 

director of the Organic Agriculture and Plant Production Directorate 

at the Ministry of Agriculture, Food and Forests, during a seminar 

organized by the Bulgarian Bioproducts Association. Velichkov 

specified that the data were taken from the annual reports of the 

companies that control organic production in the country. 

The area under cultivation of biocultures by 2018 reaches 160 

652 ha, compared to 74 350 ha in 2014. This is an increase of over 

46% over four years. Despite these results, Bulgaria occupies one of 

the last places in the EU in the percentage of utilized agricultural 

land for organic farming (Figure 1). 

 

 Source: Eurostat, 2017 

Fig.1 Percentage of utilized agricultural land for organic 

farming, 2017 

 

Our country is in 23rd position with only 3.2% of arable land 

for bio-crops or about 161 thousand hectares. We are followed by 

countries such as the Netherlands, Great Britain, Ireland, Romania, 

and Malta is at the bottom of the list - with only 0.2% of the land 

for organic crops or 24 hectares. 

The largest share of agricultural land for organic farming is 

registered in Austria, where more than one fifth - 21% or 571 

thousand hectares of total agricultural area - is allocated for organic 

production in 2017. The top three are followed by Sweden and 

Estonia. 

Eurostat data shows that, by 2018, organic farming as a whole 

constitutes 6.7% or 12 million hectares of certified agricultural area 

for organic farming out of the total utilized agricultural area in the 

European Union. Among EU countries, the highest number of 

registered organic producers is in Spain, Italy, France and Germany. 

Acording to Report on Organic Farming in the EU and Imports 

of Organic Products (OECED, 2018) for 2010-2017 there is a 

significant increase in the amount of EU agricultural land devoted 

to organic farming and an increase in imports of organic products. 
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 The total amount of agricultural land in the EU for organic 

products is around 7%, an increase of 70% since 2009. Retail sales 

of organic products in the EU amount to almost EUR 34.3 billion in 

2017. This growing domestic consumption is complemented by a 

strong import sector, with demand for organic tropical fruits and 

nuts also particularly strong [10]. 

The driving force behind this growth is the relatively high price 

margin that can be derived from organic trade, with organic 

products being marketed at up to 150% higher prices than 

conventionally produced agricultural commodities [ 11]. 

There are almost 250,000 organic farms in the EU and the total 

number of organic farms is growing most between 2010 and 2018, 

with 14,000 new entrants in the organic sector. Imports into the EU 

of organic foods amount to 3.4 million tonnes in 2018, with China 

as the largest supplier with over 415,000 tonnes of production 

delivered to the European market, representing 12.7% of the total 

market. However, Ecuador, the Dominican Republic, Ukraine and 

Turkey also have significant market share [12]. 

In order to respond to the expected increase in demand, it is 

necessary to develop sustainable entrepreneurial activity in the bio-

sectors of the economy, which will provide growth in the 

production of bio-products, meet the demand on the European 

market and economic and social development at regional, national 

and European level [13], [14]. 

The growing role of organic production and growth in the 

demand for organic products throughout the European Union 

necessitates the need to study the development of bio-

entrepreneurship in Bulgaria in order to open the link and the 

opportunity to improve socio-economic development in the 

backward and rural areas by expanding the potential of the organic 

production sector in them. 

 

 

Source: Irwa Issa1, Sebastian Delbru¨ck2‡, Ulrich Hamm3t, Bioeconomy from experts’ 

perspectives – Results of a global expert survey , Department of Agricultural and Food Marketing, 

Faculty of Organic Agricultural Sciences, University of Kassel, Witzenhausen, Germany, BIOCOM 

AG, Berlin, Germany 

Fig. 2 Main promising success stories of the bio-economy over 

the next 20 years  

A study conducted by international experts on the impact of the 

development of the bioeconomy over the next 20 years on society 

presents the promising areas for entrepreneurial activity in the bio-

sector. The study data are presented in fig.2 and shows the 

following results: the largest share of respondents (40%) believe 

that the bioeconomy will have an impact in the future on bioenergy 

development. According to 30% of respondents, the bioeconomy 

will stimulate the production of products and materials on a 

biological basis. For 21% of experts, the bioeconomy will 

contribute to providing humanity with food and water until zero 

famine is reached in the world. The study reveals promising and 

attractive sectors in the bio-economy for entrepreneurial activity 

that could contribute to the main goal of entrepreneurship - a 

secured product market and generating profit for the entrepreneur. It 

follows the regional development of the regions where new 

businesses are based and economic growth for the economy as a 

whole. 

 

3. Methodology 
The analysis has been prepared mainly on the basis of 

interviews, discussions and interviews with bio- producers from the 

6 main area of Bulgaria. Initial contact and other basic information 

for all organic producers in the 6 area has been collected from the 

official register of the Ministry of Agriculture and Food of the 

Republic of Bulgaria - database for producers, processors and 

traders of bio- products and food produced in organic way, which 

maintains such an up-to-date database. In the target regions of 

Bulgaria were identified 285 bio-producers, distributed as follows: 

from: South-Central Region (SCR) - 63, South-Western Region 

(SWR) - 35, South- East Region (SER) - 42; from the North-East 

Region (NER) - 67, from the North-West Region (NWR) - 52, and 

from the North-Central Region (NCR) - 26. The share distribution 

of the study participants is presented in Figs. 2. The largest number 

of surveyed enterprises are from the northeast region (NER), the 

smallest are the enterprises from the southeast region (NCR). 

    

 Source: Own calculations 

Fig. 2 Share distribution of participants in the studied regions 

 

The sample of 285 respondents was drawn up on the basis of 

the expressed interest of the invited bio-producers to participate in 

the survey and on the basis of preliminary selection of the sphere of 

their activity. The survey was conducted through direct meetings 

with the interviewed companies between February and July 2019. 

Over 86% of the surveyed producers wished to submit full contact 

information about their company and less than 14% of the surveyed 

wished to provide the information for the purposes of the survey 

anonymously. 

     The first part of the questionnaire includes basic contact 

information for the participants. Of the 285 survey participants, 

56% have e-mail. Only 15% of all survey participants have a 

website through which to submit their production. The second part 

of the study provides information on the production capabilities of 

organic producers in the 6 regions, annual production volume, 

certified production, sales markets, requirements for entering 

foreign markets. The surveyed organic producers in the 6 regions of 

Bulgaria produce more than 35 different agricultural, vegetable and 

fruit products.    

The age distribution of the study participants is presented in Fig. 

3. The data show that the most ambitious start-ups for organic 

production are respondents aged 35-44 years. 

   

 Source: Own calculations 

Fig.3 Bio-Entrepreneurial activity by age group in Bulgaria, 

(in%), 2019 

 

This reveals that middle-aged people who, having gained some 

experience, contacts and other resources, are aware of the 

opportunities that bio-production provides for starting a successful 

business. 

The educational level of bio-entrepreneurs is essential to 

implementing innovative business solutions. We believe that it has a 

positive impact on the beliefs of bio-entrepreneurs that they can 

successfully implement their entrepreneurial ideas, giving them 

confidence and providing the right set of skills to turn an individual 

into a successful bio-entrepreneur. The survey results show that 

entrepreneurial activity is highest among respondents with 
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secondary education - 48.1%, followed by those with a bachelor's 

degree - 38.2% and those with a master's degree - 33.5%., (see 

fig.4). 

 

 Source: Own calculations 

Fig. 4 Educational level (in%) of bio-entrepreneurs in Bulgaria 

2019 

 

The differences in the perception of bio-entrepreneurship in 

different regions of the country is shown in Figure 5. The highest 

expectations of profit through entrepreneurship in the bio-sector are 

seen by producers from the South-West region -38%. The 

opportunity for new business in the bio-economy is most commonly 

shared among participants from the North-West region -42% . 56% 

of the participants from the North- Central region see the 

opportunity for diversification of their business, 49% -from North-

East area, followed by South-Central region-41%, North-West 

Region -38%, South-East region- 33% and at the end South –West 

Region with 25%. 

 

 
          Source: Own calculations 

    Fig. 5 Reasons for entrepreneurial activity in the bio-economy 

 

Respondents' perceptions of bio-entrepreneurship from the six 

regions of Bulgaria are shown in Fig. 6. The conclusion can be 

drawn that in all regions the fear of bankruptcy is approximately the 

same - about 26%. In terms of perceived capabilities, it is observed 

that in the South-East Region 62% of respondents perceive bio-

entrepreneurship as a personal ability to do new business, followed 

by South-Central Region - 48,2%, with the lowest percentage are 

respondents from North-West Region – 37%. 

 Source: Own calculations 

Fig. 6.  Perception of Bio-Entrepreneurship (as%), 2019 

 

The entrepreneurial intentions of the study participants are 

summarized by sectors in fig. 7. It is evident that the greatest desire 

is to start a business in organic food production - 57% of the 

respondents answered in this way.  10% said they wanted to start a 

business in the field of bioenergy, 9% - in the fine chemical sector, 

7% in biofuel sector, 5.5% in the bio-polymers sector. Only 1% said 

they wanted to start a business in the agricultural sector and bio-

plastics.   

 
Source: Own calculations 

Fig.7 Intentions for Bio-Entrepreneurship by Sector, Bulgaria, 2019 

 

The results of the analysis also show that the main reason for 

leaving the business is that there is no opportunity for profit - 42% 

of the respondents answered in this way (see Fig.8). 

 Source: Own calculations 

Fig. 8 Reasons for leaving the bio-business (in%) in Bulgaria 

 

   The most common point among them is that the business is 

not profitable. Secondly (by 11% each) respondents ranked the 

following three reasons: lack of access to funding, personal reasons 

and another job or business opportunity. Third with 10% of the 

respondents ranked the reason like withdrawal planed in advance. In 

fourth place, 5% of respondents ranked heavy bureaucracy. The 

conditions of the entrepreneurial framework in Bulgaria presented 

in fig.9. The biggest factor in the development of bio-

entrepreneurship is the factor of physical access to infrastructure, 

followed by the factor of internal market dynamics and the factor of 

access to commercial networks. Of less importance are the factors - 

access to finance, entrepreneurship training - secondary and higher 

education, followed by the factors like research and development 

transfer, cultural and social norms, internal market burdens and 

Government Entrepreneurship programs.  

 Source: Own calculations 

Fig. 9. Conditions for bio-entrepreneurship 

 

Studies show that there are three groups of factors that can 

stimulate bio-entrepreneurship. These include: 

 Economically: growth in the market for eco-innovative 

products and services; access to subsidies and financial 

incentives; having good business partners. 

 Politically: existing or expected environmental regulations 

and standards; voluntary codes or agreements on good 
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environmental practices; creating clusters and supporting 

clusters. 

 Factors related to companies: availability of information and 

knowledge about technologies in the specific field; good 

organizational and management skills;  

Factors that impede the development of bio-entrepreneurship: 

 Economic and financial: lack of financial resources for the 

enterprise; uncertain market demand; uncertain return on 

investment; difficult access to public subsidies. 

 Corporate: lack of qualified staff; lack of expertise;  limited 

opportunities to improve production efficiency. 

 Other: limited environmental awareness among consumers, 

leading to low demand for eco-products;  lack of regulatory 

incentives; dominance of established companies in the 

market; poor interaction between  

        Regarding the state policy related to bio-entrepreneurship in 

Bulgaria, it can be concluded that the indicator related to the fees 

for starting a business is rated highest on a 1-7 Likert scale. This 

means that in Bulgaria the fees for business stratification are 

tolerable and the amount of taxes is tolerable (see fig. 10). 

 

  Source: Eurostat, NSI, Own calculations 

Fig. 10 Average Expert Assessments for Governmental 

              Entrepreneurship Policies in Bulgaria, 2019 

 

The “state's policy on taxes and fees” is highly appreciated – 6,9, 

followed by “taxes and other government regulations are 

predictably and consistently applied to new business” – 5,1, and the 

lowest is the indicator „Government policies generally encourage  

bio-start-ups – 2,2.  

       The dynamics of the number of procedures and the number of 

days required to start a bio-business in Bulgaria for the period 2004 

to 2018 are shown in Figure 11. According to Eurostat and own 

calculations, it can be concluded that the most were the procedures 

for starting a business in the period 2004 to 2007 - about 11 in 

number, then they are reduced to 4 in the period 2009-2017 year, 

after which their number rises to 5. 

 
Source: Eurostat, OECED, Own calculations 

Fig.11 Days and number of procedures for bio-start-ups in Bulgaria 

 

In terms of the number of days for launching bio-startups, it can 

be concluded that the peak was in 2009, when it took about 50 days 

to start a business. By 2018, it takes an average of 23 days to start a 

business in the bio-sector. 

 

4. Conclusion 
    The private sector plays a key role in the development of 

bio-entrepreneurship. Bio-entrepreneurship is affecting the growth 

of the economy. The motivation for success and the individual's 

freedom to start a new business, as well as his or her independence 

in choosing what to produce or sell, are the most important factors 

for developing a bio-economy. Bio-entrepreneurship is changing the 

economy. This is due to the speed at which the ideas of bio-

entrepreneurs are developing - people are bringing in their work and 

creativity. The development of bio-entrepreneurship contributes to 

the economic growth of economically backward regions in 

Bulgaria, as well as to the development of society as a whole. 

Growth is achieved through the creation of new businesses, new 

goods and services, new production methods, sales, distribution and 

more. Bio-entrepreneurship contributes to building professional 

advancement. People cite many reasons why they want to be part of 

a business or start a business. These include: the desire to work, the 

advancement of the profession, personal independence, unlimited 

opportunities to make a profit, the ability to do what they want, and 

more. Bio-entrepreneurship enables people to create a job through 

which they can build their own professional careers, investing labor, 

creativity, knowledge and skills because they earn income. Bio-

entrepreneurship drives consumption, and consumption drives bio-

entrepreneurship. 

This report is funded from the National Science Program "Healthy 

Foods for a Strong Bioeconomy and Quality of Life" of the Ministry of 

Education and Science, approved by decision of the Council of 

Ministers №577 / 17.08.2018 , contract No 68 / NSP under Work Package 

4.3 “Analysis and profile of the status and potential of the regional bio-

economy" 
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