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Abstract: The article presents an analysis of the technical characteristics of promising technologies of power  transistors based on silicon 

(Si) and silicon carbide (SiC). A comparative analysis of the energy characteristics of power diodes, MOSFETs and IGBT transistors of 

various classes based on these technologies is presented. An analysis of current-voltage characteristics and values of static and dynamic 

power losses in power switches is also given. 

KEYWORDS: POWER ELECTRONICS, SILICON CARBIDE, GALLIUM NITRIDE, TECHNOLOGIES, TRANSISTOR 

 

 
1. Introduction 

 

In recent decades, the most common power transistors that are 

used in power conversion technology are MOSFETs, IGBT 

transistors, as well as IGCT and GTO tyritors [1, 2]. Each of these 

types of semiconductor switches is optimally used for its niche of 

switching frequency, voltage class and load current [3, 4]. 

Recently, high-voltage power electronics has shown increased 

interest in power silicon-carbide MOSFETs (metal-oxide-

semiconductor field effect transistor) and IGBT (insulated-gate 

bipolar transistor) transistors [5, 6]. 

Silicon is still the main semiconductor material for modern 

electronics, however, in a number of areas it is starting to lose 

ground. If we talk about the segment of power electronics, the most 

promising materials here are gallium nitride (GaN) and silicon 

carbide (SiC) [7, 8]. 

The main markets driving the development of new materials 

for power electronics are electric vehicles, power generation, 

household electrical appliances and electronics. In addition, 

chargers for mobile phones and laptops are produced, in which the 

use of new transistors (albeit from gallium nitride, not silicon 

carbide) made it possible to make them 1.5...2 times more compact 

than conventional ones at the same power. It is expected that the 

total capacity of the markets for complex semiconductors in the 

coming years will amount to several billion dollars a year. 

 

2. Features of technology based on silicon carbide 

 

Silicon carbide is a semiconductor material consisting of 

silicon and carbon in equal proportions and having the formula SiC. 

The strengths of SiC, which are important in terms of 

semiconductor technology, are due to the wide band gap. This is a 

high electric field, in which the material breaks through, and has a 

high thermal conductivity [9]. This means that, as a rule, wide-gap 

semiconductors are capable of operating at higher voltages and 

temperatures than narrow-gap semiconductors. 

Gallium arsenide, which has a wider band gap than silicon, has 

a smaller temperature range: its crystal lattice begins to collapse 

from overheating before it turns into a conductor. There are even 

wider-gap semiconductors than SiC, for example, gallium oxide 

Ga2O3, boron nitride BN or aluminum nitride AlN, but they have 

not yet reached the stage of applicability in mass electronics. But 

diamond has almost reached it, which has a forbidden zone of 

5.4 eV and a huge thermal conductivity up to 26 W / (cm·K) versus 

4.9 W / (cm·K) for silicon carbide and 3.9 W / (cm·K) for copper. 

So far, diamond substrates are massively used only for heat 

dissipation, but soon synthetic diamond will become sufficiently 

cheap and of high quality to make the devices themselves on it. Of 

course, "soon" in this case is a loose concept. Cree, one of the 

pioneers of SiC semiconductor products, was founded in 1987. The 

first commercially available silicon carbide diodes appeared in 

2006, the first transistors – in 2011, and widespread use began just a 

couple of years ago, when not only the technologies were 

developed, but also the prices dropped sufficiently. 

The same story is with the gallium nitride developing in 

parallel – from the first commercial samples to mobile phone 

chargers it has been a long way for 20 years. But the first 

breakthroughs in materials for power electronics were inevitably 

followed by a wave of various scientific studies, and their results 

are already leaving the walls of laboratories to factories. 

The use of SiC instead of silicon in a power diode gives: first, 

it copes better with overheating due to its higher thermal 

conductivity; secondly, with the same breakdown voltage, it can 

make a significantly lower forward resistance (and hence, increase 

the efficiency) or, with comparable resistance, a much smaller area 

[10, 11]. 

A smaller area will give less parasitic capacitance, which 

means faster switching, less losses in its process and the ability to 

work at high frequency with good efficiency. 

Thus, SiC has many advantages besides price, but with the 

growth of production volumes, the cost of diodes and transistors 

based on silicon carbide is already approaching silicon counterparts. 

This makes it possible to fully reveal the advantages of the new 

material in mass products due to the fact that the better 

characteristics of more expensive devices based on SiC allow 

saving on other parts of the project [12, 13]. 

In Fig. 1 shows a comparison of different types of power 

switches in terms of power and frequency, it shows what power and 

at what frequency can be switched by different semiconductor 

devices. The Y-axis is marked up to GW, which means that not only 

electric locomotives, but also power plants can switch with 

semiconductor devices. 

In addition, new materials can significantly increase the 

switching frequency, which is very important for increasing the 

efficiency and reducing the size of devices [14]. 

For power MOSFETs, silicon carbide is useful in the same 

way as for diodes – better material parameters allow to make the 

low-doped layer much thinner and, accordingly, radically reduce the 

on-state resistance of the transistor. 

Moreover, it works even on the simplest structures. And their 

presence on silicon allows us to assume that although the gain in 

specific resistance can already be hundreds of times, there is room 

for carbide to grow even further. 

Gallium nitride, due to its high electron mobility, excellent 

drift velocity and high thermal conductivity, is actively used to 

create low-voltage power transistors (usually up to 200 V). 

Silicon carbide also outperforms conventional silicon in a 

number of ways. 
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Fig. 1. Comparison of power switches by power and frequency: 

а – power switches of different types; b – scope of application 

 

We are talking about high breakdown voltage, high drift 

velocity, excellent thermal conductivity, and a significant band gap. 

All this makes silicon carbide an ideal material for the production of 

high voltage power transistors. 

Currently, various types of transistors are common in power 

electronics. The low voltage niche has long been occupied by 

silicon MOSFET switches. Now they are gradually being replaced 

by gallium nitride transistors. Silicon MOSFETs are also mainly 

used in the high-speed system segment. 

Unfortunately, the effective operating voltage of silicon 

switches does not exceed 650 V, so IGBTs are preferred for high 

voltage applications with low switching frequencies. However, 

IGBTs also have drawbacks, in particular, low performance – their 

operating frequency is only 100...150 kHz. For this reason, silicon 

carbide transistors have proven to be very popular in the high-speed 

high-voltage applications segment. 

Table 1 shows a comparative analysis of the characteristics of 

power transistors based on SiC and Si. 

 

Table 1 
Comparative analysis of the characteristics of power transistors 

based on SiC and Si 

Parameter Comparison of SiC 

and Si 

Advantages 

Breakdown voltage SiC is ≈ 10 times 

higher than Si 

The ability to make 

a higher 

breakdown voltage 

in the transistor 

Electron saturation 

drift velocity 

SiC is ≈ 2 times 

higher than Si 

Higher 

performance 

Band gap SiC is ≈ 3 times 

higher than Si 

Higher switching 

stability 

Thermal 

conductivity 

SiC has a higher 

thermal 

conductivity 

Higher operating 

temperature 

Recovery energy of 

the reverse diode 

SiC has less energy Less power loss 

 

Graphically, a comparative analysis of two transistors is shown 

in Fig. 2. 

 

 
 

Fig. 2. Basic physical properties of some popular semiconductors 

 

In Fig. 2 introduced the following notation: 

– bandgap is a forbidden zone; 

– breakdown field – breakdown electric field. The higher it is, 

the easier it is to make a high-voltage device based on the material; 

– saturation velocity – the limiting velocity of charge carriers 

in the material (three orders of magnitude less than the speed of 

light); 

– thermal conductivity – thermal conductivity. It is very 

important for power applications, since the excess heat in them is 

very large, even at very high efficiency, and this excess must be 

removed from the active region of the device; 

– melting point – the melting point that limits the working 

range of the material. 

Due to the unique characteristics of silicon carbide, it is 

possible to create power SiC MOSFETs that combine the 

advantages of IGBT and silicon MOSFETs. From silicon 

MOSFETs, silicon carbide transistors have inherited high speed, 

low losses, and ease of control. In addition, they, like IGBTs, are 

capable of operating at high voltages up to 1200 V and higher. 

As seen from Fig. 2, there are areas in which different types of 

power transistors can be applied. Moreover, the choice between 

them is based on comparing their effectiveness. Studies show that 

SiC MOSFETs significantly outperform IGBTs in terms of 

efficiency. 

They are distinguished by both low conductivity losses, which 

are determined by the ultra-low resistance of the conducting 

channel, and by minimal dynamic losses, which are a consequence 

of low switching losses. 

There are two main types of silicon carbide transistors: 

– hybrid SiC transistors – these are MOSFETs and IGBT 

transistors, in which only the reverse diode is built using silicon 

carbide technology; 

– full SiC transistors are only MOSFET transistors in which 

both the transistor and the reverse diode are built using silicon 

carbide technology. 

The expected relative values of static and dynamic losses of 

power switches of various types (IGBT and Si diode, IGBT and SiC 

diode; SiC MOSFET and SiC diode) are shown in Fig. 3. 

Cree’s SiC MOSFETs have a resistance of 10 mΩ and offer 

better light load efficiency at low frequencies than silicon IGBTs. 

As a result, according to the calculations, the power loss in the 

inverter will be 67 % lower than that of analogs on silicon switches. 

Reducing the level of losses will reduce the size of the cooling 

system, which will significantly reduce the size and weight of the 

inverter, as well as reduce cooling costs. 
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Fig. 3. Expected loss reduction from hybrid and full SiC transistors 

versus silicon transistors 

 

Comparison of the parameters of silicon and silicon carbide 

MOSFET transistors is shown in Fig. 4. 

 

 
 

Fig. 4. Comparison of parameters of silicon and silicon carbide 

MOSFET transistors 

 

Silicon carbide MOSFET transistors should be opened with a 

sufficiently high voltage, about 18...20 V, while silicon analogs can 

be easily operated at voltages of 10...12 V. This is due to the fact 

that the resistance of the lightly doped layer in carbide transistors is 

very small, and against its background, other resistances begin to 

play a more noticeable role, including the resistance of the transistor 

channel, which strongly depends on the gate voltage. And then the 

channel resistance has a negative temperature coefficient, and the 

resistance of the lightly doped layer is positive [15]. 

If open the transistor with a low voltage, then the contribution 

of the channel resistance is large, and those cells that, due to the 

spread of parameters, pass a little more current, will heat up more 

and their resistance will decrease, because of which they will begin 

to conduct even more current, which means they will warm up even 

stronger and so on until the transistor burns out. 

If the total resistance is dominated by a component with a 

positive temperature coefficient, then the current through different 

cells of the transistor will self-balance. This characteristic of carbide 

does not show up in silicon MOSFETs because the resistance of the 

lightly doped layer is much higher than the channel resistance at 

any gate voltage. 

 

3. Comparative analysis of transistors with 

different manufacturer technologies 

 

Mitsubishi Electric transistors were selected for comparative 

analysis: 

– silicon IGBT type CM600DX-24T1; 

– hybrid SiC IGBT type CMH600DU-24NFH; 

– full SiC MOSFET type FMF600DX2-24A. 

In Fig. 5 shows the dependence of the switching energy of the 

transistor on the load current. 

Table 2 shows the parameters of power transistors based on 

SiC and Si. 

 

 
a 

 
b 

 
c 

 

Fig. 5. Dependences of the switching energy of the transistor on the 

load current: 

а – silicon Si IGBT type CM600DX-24T1; b – hybrid SiC IGBT type 

CMH600DU-24NFH; c – full SiC MOSFET type FMF600DX2-24A 

 

Table 2 
Parameters of power transistors based on SiC and Si 

Parameter 

Transistor type 

Silicic 

Si 

CM600DX-

24T1 

Hybrid 

SiC 

CMH600DU-

24NFH 

Full 

SiC 

FMF600DX2-

24A 

Voltage drop at 

400 A 

1.5 V 4 V 0,8 V 

Voltage drop at 

600 А, 125 ℃ 

2.15 V 5 V 2,02 V 

Eon at 400 А 30 mJ 11 mJ 7 mJ 

Eoff at 400 А 40 mJ 6 mJ 14 mJ 

Erec at 300 А 30 mJ 1,5 mJ 0,8 mJ 

Eon at 600 А, 

600 V, 125 ℃ 

53 mJ 10 mJ 9,7 mJ 

Eoff at 600 А 56 mJ 26 mJ 26,2 mJ 

Erec at 600 А 40 mJ 1,9 mJ 0,8 mJ 

Turn-on time, 

μs 

600 400 60 

Turn-off time, 

μs 

800 700 60 
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4. Industrial applications of silicon carbide 

transistors 

 

The practical application of power transistors based on silicon 

carbide is already used in electric vehicles [16, 17]. It is worth 

noting that the Tesla Model S inverter was assembled from discrete 

silicon IGBTs, and SiC transistors have already appeared in 

Model 3, and not discrete, as in Model S, but in the form of ready-

made modules. 

Another example of an EV with SiC transistors is the Venturi 

in Formula E. The first generation, rated for 200 kW at 600 V 

operating voltage, was all-silicon: IGBTs and discrete diodes. 

The second generation used silicon carbide diodes, which 

saved 13 % mass and 19 % volume, and also reduced energy losses 

during conversion by 30 %. The third generation, already 

completely silicon carbide, turned out to be 40 % lighter than the 

original, 43 % more compact and four times less power loss. 

 

5. Results and discussion 

 

The following conclusions can be drawn from the analysis: 

– switching energy of transistors based on silicon carbide in 

comparison with traditional silicon transistors is 3...4 times less; 

– turn-off energy is 3...6 times less; 

– the recovery energy of the reverse diode is 20...40 times less; 

– static power losses (voltage drop across the transistor in the 

on state) is 2 times less; 

– a decrease in the switching time of transistors leads to a 

decrease in dynamic losses, which in turn leads to a significant 

increase in the maximum possible switching frequency of power 

switches, a decrease in losses and an increase in efficiency; 

– significantly smaller mass-dimensional indicators of SiC 

transistors, which is quite a significant plus for electric vehicles, 

aviation, etc. 

Further trends in the development of silicon carbide-based 

transistors is to increase the voltage classes of this switch 

technology. 

The ability to operate in extreme temperatures is useful in the 

oil industry, jet engine control circuits, and space. 

 

6. Conclusion 

 

The article presents an analysis of the technical characteristics 

of existing and promising technologies for the production of power 

semiconductor switches. 

The characteristics of power diodes, MOSFETs and IGBT 

transistors of various classes based on silicon and silicon carbide are 

given. Comparative analysis of current-voltage characteristics and 

values of static and dynamic losses in power switches is presented. 
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Abstract: The article deals with the use of CAD software and additive technology to produce a simple, low-cost mechanical finger 

prosthesis. The goal was to use SOLIDWORKS and Cura software to design and manufacture an index finger prosthesis from PLA 

(polylactic acid) material, using an FFF (Fused Filament Fabrication) desktop 3D printer Bq WitBox. The mechanical finger prosthesis is 

used for flexion and extension performance of the missing joints to enable lost gripping function. The designed prosthetic finger has a simple 

construction consisting of components made on a 3D printer and its movement functions are initiated by specifically attached cable system. 

The practical part of the paper contains procedures for prototype and final version design, manufacturing and testing. The prototype was 

designed to imitate healthy finger digits movement initiated by the specific cable system. Final version of the finger prosthesis has been 

designed after the successful flexion/extension system testing. The design of the components was modified to resemble a healthy finger and a 

socket has been added to the prosthesis. Flexion and extension performance of the prosthesis was tested using cables of different diameters. 

After summarizing the results, it has been confirmed that the prosthesis can be easily applied to the arm and its dimensions, construction and 

movement correspond to an anatomically healthy finger and that 3D printing is a technology suitable for efficient and fast production of 

individual prosthesis components, which is an indisputable advantage compared to the traditional method of prosthesis production. 

Keywords: FINGER PROSTHESIS, ADDITIVE MANUFACTURING, FUSED FILAMENT FABRICATION 

 

1. Introduction 
The human hand is one of the most important organs for man, 

since it distinguishes us from other animals. The reason for this 

uniqueness is that it can oppose the thumb, which allows it to 

manipulate objects and perform precise grips. Arms and grasps are 

very important for everyday activities such as eating, hygiene, 

dressing and the like. The powerful elements during the individual 

phases of gripping are the fingers and thumb. In case of their injury, 

illness or amputation, the performance of normal motor activities is 

considerably complicated or completely impossible. Prosthetic 

finger replacements made by additive manufacturing can solve 

these problems. The article describes the design and methodology 

of prosthetic finger production using modern technologies. 

2. Methodology 
The aim of the work was to create a functional mechanical 

finger prosthesis that will allow flexion and extension in the PIP 

(proximal interphalangeal) and DIP (distal interphalangeal) joint. 

The reason is the amputation in the proximal phalange and thus the 

absence of the possibility of performing grips. Before designing the 

prosthesis, itself, it is necessary to clarify what movement functions 

of the arm need to be replaced and in what most suitable way it can 

be realized. 

One of the most important tasks is to ensure that the prosthesis 

matches in the size parameters of the finger joints, as well as in their 

movement paths [1]. 

Prosthesis design phases: 

• Design, 3D modelling and printing of a prototype. 

• Assembly and functional testing of a prototype. 

• Design, 3D modelling and printing of the final version 

• Folding, application of the final prosthesis and testing 

3. Solution 

3.1 Design, 3D modelling and printing of a prototype 

The construction of the prosthetic finger movement chain model 

consists of four artificial phalanges connected by joints, which 

represent the individual phalanges and joints of the index finger, 

including the MCP (metacarpophalangeal) joint, which is the most 

proximal in this chain. The functionality of this model is ensured by 

the application of a cable system passing through the individual 

finger joints and phalanges and is anchored proximally to the MCP 

joint, which is the driving element bending the prosthesis 

components [2, 3]. 

Through a specially designed system of channels and holes in 

the prosthesis, the cables serve to initiate flexion and extension in 

the PIP and DIP joints (Fig. 1). Bending the MCP joint lengthens 

the distances A, B and shortens C, D, which causes flexion in the 

PIP and DIP joints [4, 5]. 

 

Fig. 1 Design of a prosthesis cable system. 

 

All components have been designed in SOLIDWORKS 

(Dassault Systemes, Waltham, USA) software. Parts of the 

prototype were printed in a larger scale, for easier handling and the 

design is simplified. 

The design of the prototype consists of eight components (Fig. 

2), which are: 

• 1x fingertip (distal joint), 

• 3x phalange, 

• 1x anchorage (for fixing the cable system), 

• 3x peg (articulated connection) 

 
Fig. 2 Prosthesis prototype components. 
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The individual components of the prosthesis were manufactured 

on a Bq WitBox (bq Engineering, Madrid, Spain) 3D printer. This 

printer allows printing of large objects or multiple components at 

once. It is a fully enclosed printer with a front door locking system 

that prevents accidental access during printing. Its fully enclosed 

design helps minimize noise, while preventing heat leakage and 

maintaining a constant temperature inside the printer. 

Bq Witbox is an FFF printing system, which means that a fibre 

of material leads through a Fibonacci guide tube into the nozzle. 

Due to this design, the feeder system remains inside the printer unit, 

thus reducing the amount of contact between the fibre and the tube. 

The material used to make the prosthesis is PLA (polylactic 

acid) and the software used to set the printing parameters was the 

Cura (Cura Global GRC Solutions Pte Ltd., Singapore, Singapore) 

software. 

Cura is a software that prepares and converts 3D computer-

generated models into commands that follow the printer. 

After positioning the model on the working platform, the 

software allows setting individual printing parameters, such as layer 

thickness, object fill density, print speed, nozzle temperature, 

support and thickness, or fibre flow (Fig. 3). 

 

Fig. 3 Positioning models on a work platform. 

Selected print parameters: 

• Layer height = 0.1mm. 

• Shell thickness = 1mm. 

• Bottom / top wall thickness = 0.5mm 

• Infill density = 10%. 

• Print speed = 50mm / s. 

• Without support. 

After setting the individual parameters, the software 

automatically determined the length of the printing time (3h 

38min.), The weight of the material used (18g) and the length of the 

fibre used (2.32m). 

3.2 Assembly and Functional Testing of the Prototype 

After 3D printing, the parts are carefully separated from the 

printer's work platform and are thoroughly cleaned. Another 

important step for the successful assembly of the prosthesis is 

postprocessing, i.e. grinding of all parts of the prosthesis, especially 

in places where the individual components meet residual support 

material. Thorough treatment of the components is followed by the 

assembly phase of the prototype prosthesis. 

In the proposed model, the finger phalanges are connected by 

pegs in the DIP, PIP and MCP joints. The anchorage on which the 

rigid cables will be attached is attached to the proximal phalange, 

just behind the MCP joint (Fig. 4). In forming the extensor system, 

a knot is tied at one end of the elastic cord and the free end is 

threaded through an opening at the end of the distal member that 

extends through the entire component. In this way, it is passed 

through the individual links of the prototype and secured at the end 

of the proximal link. To create a flexor DIP joint system, it is 

necessary to knot one end of the rigid cable and pass the free end 

through the hole at the end of the distal phalange. The free end is 

removed from the hole on the palm side and then passed through the 

hole on the palm side on the next link, after which the end of the 

cable is attached to the anchorage. To form the flexor system of the 

PIP joint, one end of the rigid cable is knotted and passed through 

the dorsal opening of the cavity on a phalange proximal to the tip of 

the prosthetic finger. Subsequently, the cable is passed through the 

palmar opening of the cavity on the more proximal phalange and 

the end is fixed to the anchorage [6]. 

 

Fig. 4 Finger prosthesis prototype. 

With the applied cable systems, the prototype of the prosthesis 

is fully functional, i.e. flexion in the MCP joint induces flexion in 

both the PIP and the DIP joint (Fig. 5). After performing a 

functional test of the prototype, the production of the index finger 

prosthesis with a socket and an anatomically more accurate design 

continued. 

 

Fig. 5 Functional testing of the prototype. 

3.3 Design, 3D Modelling and Printing of The Final Version 

In the final phase of the design of a prosthetic finger, it is also 

necessary to consider the aesthetic function. For this reason, it is 

necessary to emphasize the appearance, dimensions and shape of 

the socket. The prosthesis must resemble an anatomically correct 

index finger as much as possible, i.e. its dimensions and the location 

of the joints must correspond to the parameters of the original index 

finger. To obtain the most realistic finger, it is advisable to use the 

mirroring of the preserved healthy arm, as it is a paired organ. 

The prosthesis socket is one of the most important parts of the 

prosthetic system and must not restrict or prevent the movements of 

the thumb and middle finger of a healthy arm. Its circumference 

must not differ significantly from the circumference of the stump in 

order to ensure its best possible attachment. Since the prosthesis 

will be hung on a wooden hand, a socket with the same inner 

circumference as the circumference of the artificial stump has been 

designed to make the suspension of the prosthesis as strong as 

possible. A sleeve has not been used. 

The individual components of the prosthesis have a cylindrical 

shape, on the dorsal side they are equipped with stops that prevent 

the prosthesis from performing hyperextension, and a special 

system of cavities and ducts inside the prosthesis parts through 

which the cables will pass has been designed [7]. 

The construction of the final finger prosthesis (Fig. 6) consists 

of: 

• 1x fingertip (distal link), 

• 1x phalange (medial link), 

• 1x phalange with socket (proximal link), 

• 1x anchorage (for fixing the cable system), 

• 2x peg (articulated connection) 

 

Fig. 6 Components of the final version of the finger prosthesis. 

The material, production technology and process settings of the 

INDUSTRY 4.0 2020, WINTER SESSION

78

 



final prosthetic finger are identical to the prototype (Fig. 7). Only 

the colour of the material has changed. 

 

Fig. 7 Positioning models on a work platform. 

Result of saving models in the Cura software: 

• Print time length: 2h 36min. 

• Weight of material used: 12g. 

• Length of fibre used 1.54m. 

3.4 Folding, Application of the Final Prosthesis and Testing  

The procedure for assembling a prosthetic index finger is 

identical to the procedure for assembling a prototype prosthesis. It 

is important to thoroughly clean all components of unwanted 

residual material and, if necessary, to grind the areas where the 

individual components come into contact. Subsequently, the 

prosthesis can be built. 

By connecting the distal and medial phalange with a shorter 

peg, a DIP joint is created. The same connection of the medial and 

proximal phalange with the longer peg creates a PIP joint. The 

constructed prosthesis is placed on the stump and the cable systems 

is inserted (Fig. 8). 

While forming the extensor system, an elastic cable is used 

which has a knot at one end and the free end is threaded through an 

opening at the distal end of the socket. Next, the cable is guided 

through a cavity on the dorsal side of the medial phalange and 

subsequently through a cavity on the dorsal side of the distal 

phalange, at the end of which is the second knot. 

Since the functionality of the double flexor system was 

confirmed during the prototype´s testing and this system proved to 

be suitable, it is also applied in the final version of the prosthesis. 

To create a flexion in the DIP joint, a rigid cable is used, at the end 

of which there is a knot and the cable is guided through a distal 

opening on the distal phalange and subsequently the cable is 

threaded through it. The cable is further passed through the medial 

phalange through an opening in the distal part. A rigid cable was 

also used to form the flexor system of the PIP joint, at the end of 

which there is again a knot and the free end is guided through an 

opening on the dorsal side of the medial phalange. The cable 

emerges from the palmar opening and is threaded through the 

opening on the distal side of the socket, passing crosswise through 

the bottom and through the opening on the dorsal side. 

 

Fig. 8 The final version of the finger prosthesis. 

In places where the cables meet the edges, grooves have been 

formed on the prosthesis´ components to minimize friction and to 

prevent rigid cables from protruding from the prosthesis. This 

modification reduces the risk of damage to the cable systems and 

improves the contact of the prosthesis during the gripping of 

objects. 

The cable system anchoring component is attached to the dorsal 

part of the palm of the wooden hand by means of two small cross 

screws proximal to the MCP joint to secure the cable systems as 

firmly as possible. When attaching rigid cables for anchoring, it is 

necessary to position the prosthesis in its end position, i.e. in the 

position in which the tip of the prosthetic finger touches the palm of 

the hand model. When the finger is in the given position, the cables 

are the most tensioned and are firmly knotted on the pins of the 

anchoring component. The cables are attached to two different pins 

(PIP joint bender on the left and DIP joint bender on the right), in 

order to make the tension adjustment as simple as possible and to 

prevent accidental tangling of the individual cables. 

3.5 Finger Prosthesis Testing 

After the assembly of the final prosthetic finger, the phase of its 

functional testing follows. To verify the effectiveness of the flexion 

of the finger prosthesis in order to design its modifications or 

correction, it is necessary to monitor the course of individual phases 

of this movement. 

Prosthetic finger flexion phases (Fig. 9): 

• Phase 1 (zero position / extension), 

• Phase 2 (flexion of MCP, PIP and DIP joint), 

• Phase 3 (flexion of MCP and PIP joint, DIP joint is in the 

maximum possible flexion), 

• Phase 4 (final position - MCP, PIP and DIP joints are in the 

maximum possible flexion) 

 

Fig. 9 Stages of finger prosthesis flexion. 

4. Results and Discussion 

Performing complete flexion in the MCP joint revealed, that 

during the transition from the 3rd to the 4th phase, the cable system 

of the DIP joint is deployed and the cable rubs against the lateral 

side of the MCP joint, and that the fingertip does not touch the palm 

of the hand model. 

The first problem was eliminated by creating 2 cavities directly 

through the protrusion on the dorsal part of the socket, through 

which the rigid cables are passed, and the cable system of the DIP 

joint is attached to the more medial pin of the anchoring component. 

This removed the unwanted dislocation of the cable from its 

original bearing. 

To solve the 2nd problem, different diameter of cables were 

applied (see Table 1) and the course of flexion in individual phases 

was documented. 

 

Table 1. Cable types 

Cable Diameter (mm) Load capacity (kg) 

Cable 1 0,22 5 

Cable 2 0,36 14 

Cable 3 0,50 18 

 

When using cable 1, there was no flexion in the PIP joint of the 

prosthesis and flexion in the DIP joint is incomplete. This diameter 

is not satisfactory. The application of cable 2 has improved the 
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flexion in both joints of the prosthesis, but the flexion in the PIP 

joint is incomplete and in phase 4 of the prosthesis flexion the 

fingertip does not touch the palm of the hand model. Using cable 3, 

the flexion in the joints of the prosthesis is complete and the 

fingertip touches the palm of the hand model (Fig. 10). 

 

Fig. 10 Testing of the prosthesis cable system. 

 

A shown on the procedure above, for selecting a suitable type of 

cable that the diameter of the cable has a significant effect on 

achieving the desired finger flexion. This is caused by different 

plastic deformations of different types of cables. 

5. Conclusion 

The aim of this article was to design, build and test a functional 

mechanical index finger prosthesis with components made by 

additive manufacturing. The design of the proposed prosthesis 

resembles an anatomical finger and its movement mechanism is 

simple and effective. The prosthesis can be easily applied to the arm 

and its dimensions and construction correspond to an anatomically 

healthy finger. 3D printing is a technology suitable for efficient and 

fast production of individual prosthesis components, which is an 

indisputable advantage compared to the traditional method of 

prosthesis production. 

In the future, the application of sleeves is being considered, for 

which it is appropriate to upgrade the prosthetic finger. The reason 

is to improve the aesthetic function and obtain a more natural look, 

as well as to improve the functionality that can be achieved by 

applying anti-slip sleeves to increase the certainty of performing the 

grip. It is necessary to design a glove in which the cable systems of 

the prosthesis will be anchored, without limiting their functionality. 
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a production program. The advantages and disadvantages of using software and automated information systems when planning 

production processes and schedules for the release of finished products are revealed. The author identifies processes that can be 

optimized by using software at an enterprise and proposes ways to solve the problem of limiting the possibility of introducing modern 
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Введение  

С каждым годом использование элементов цифровой 

экономики набирает все большие темпы во сферах 

производства. Оптимизация бизнес-процессов посредством 

внедрения современного высокотехнологичного оборудования, 

программного обеспечения является одной из ведущих 

тенденций по всему миру. Данное явление в первую очередь 

обусловлено ориентиров ведущих стран на IT сферу и 

стремительное развитие информационных технологий. С 

каждым годом увеличивается спрос на ПО для сбора и анализа 

данных, стратегического планирования и прогнозирования, 

моделирования бизнес-процессов и спрос на хранение 

огромного количества данных.  

На современных предприятиях каждый бизнес-процесс 

подвергается оптимизации посредством внедрения 

инструментов цифровой экономики для повышения 

конкурентоспособности и качества продукции, оптимизации 

сроков выполнения производственного плана, и поддержании 

высокой степени производственной эффективности. Любое 

производство представляют собой сложную многоуровневую 

систему с большим количеством информационных связей. 

Однако одной из самых сложных задач остается оптимизация 

процесса производственного планирования и формирование 

производственного программы, в частности. Упрощение и 

оптимизация процесса планирования – задача, которой в 

первую очередь коснулось внедрение специального 

программного обеспечения и средств цифровой экономики. 

Неэффективное производственное планирование ведет к 

моральному и физическому износу работников, что приводит к 

утери трудовых ресурсов и снижению качества производимой 

продукции. Проектирование плана выполнения портфеля 

заказов с равномерной загруженностью всех существующих 

производственных линий снизило бы недовольство среди 

сотрудников. Частая экономическая практика, когда 

администрации несвоевременно предоставляются отчеты о 

производственных сменах и выработках продукции, что может 

привести к неверно принятым решениям по стратегии ведения 

бизнеса. Использование средств цифровой экономики, 

программного обеспечения в частности, а также 

высокотехнологичное оборудования и другие технические 

средства способствую минимизации большинства проблем 

учета и планирования на предприятии.  

На всех этапах развития технического оснащения предприятий 

ставились конкретные задачи по упрощению и развитию 

систем учета и реализации технических средств. До недавнего 

времени использовались традиционные методы учета и 

распределения технических устройств и ПО на рабочие места. 

Таким образом изучение степени влияния внедрения элементов 

цифровой экономики в процесс планирования и формирования 

производственной программы предприятия стало ключевой 

проблемой современной экономики. 

Предпосылки и средства решения проблемы 

Разработка производственной программы предприятия 

напрямую связана с обработкой больших объемов информации. 

Необходимо проследить производственные процессы на всем 

жизненном цикле предприятия. Из описанных выше 

ориентиров можно предположить, что интенсификация 

применения ряда технических инструментов при управлении 

бизнес-процессами приводит к идее комплексного управления 

всем жизненным циклом изделия. Такой подход приводит к 

автоматизации производства на всех этапах изготовления 

продукта. Это значительно облегчает формирование ПП, т.к. 

расчеты и частичный анализ берет на себя именно технологии. 

Это снижает риск возникновения ошибок и ускоряет процесс 

сбора информации в несколько раз.  

Таким образом, проблемы, возникающие из-за использования 

устаревших методов разработки производственной программы, 

могут эффективно решиться путем внедрения современных 

инструментов цифровой экономики и новых методов и 

алгоритмов обработки информации. Статистика показывает, 

что компании, быстро адаптирующие инновационные методы 

управления, быстрее подчиняют себе рынок сбыта готовой 

продукции. Это позволяет расширять предприятие, создавать 

новые рабочие места для квалифицированных кадров, 

привлекать иностранных инвесторов и изготавливать 

конкурентоспособную продукцию. Возможно внедрение 

цифровой экономики даст новый толчок к развитию 

отечественной промышленности. 

Однако стандартные программные решения для формирования 

производственной программы предприятия не всегда 

эффективны в использовании. Оптимальным решением 

проблемы является внедрение современных ERP-систем для 

комплексного учета всех бизнес-процессов предприятия и 

доработка дополнительных модулей на 1С для конкретного 

производства. Таким модулем может послужить 

автоматизированный алгоритм формирования 

производственного плана на краткий срок на основании 

материальных и временных затрат, а также других важных 

параметров (для каждого предприятия коэффициенты, 

влияющие на степень важности выполнения партии могут быть 

индивидуальны). Внедрение подобных программных 

продуктов также можно считать использованием средств 

цифровой экономики при формировании производственной 

программы.  

Однако в связи с высокой стоимостью и сложностями в 

управлении и сопровождении малый и средний бизнес не 

имеют возможности внедрить на своих предприятиях 

многоуровневые ERP системы. Данный фактор существенно 

снижает производительность подобных предприятий. Другим 

фактором, негативно влияющим на производственное 

планирование, является ограниченность доступа к 

информационной базе сотрудников, участвующих в системе 
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планирования. Доступ к системе как правило может получить 

только специалист со своего рабочего места, что невозможно 

сделать без ПК с установленным программным обеспечением с 

существующие информационной базой. Данных фактор также 

замедляет процесс планирования (либо полностью блокирует 

его), в случае отсутствия сотрудника на его рабочем месте. В 

связи с этим предприятиям малого и среднего бизнеса 

рекомендуется разрабатывать и внедрять самописные модули в 

существующие программные продукты, которые будут 

подходить для их производственных процессов. 

Разработка таких специальных автоматизированных модулей 

по формированию плана выполнения работ способствует более 

точному формированию производственной программы 

предприятия, с возможностью контроля выполнения 

поставленных задач. Использование средств цифровой 

экономики при формировании производственной программы 

предприятия может устранить ряд проблем и оптимизировать 

некоторые процессы: 

1. Упрощение контроля за производственным процессом  

Посредством автоматического планирования, управления 

срочными заказами, обеспечение бесперебойной обратной 

связи с цехом, а также управление остатками сырья на 

предприятии. 

2. Ускорение обращения информации  

Средства цифровой экономики позволят ускорить процесс 

получения необходимой информации о времени выполнения 

задач, также оптимизирует взаимодействие планового и 

производственных отделов 

3. Автоматизация формирования графика выполнения 

работ на предприятии с последующим анализом 

Все заинтересованные пользователи с любого устройства с 

доступом в интернет имеют доступ к оперативной информации 

о выполнении планов и состоянии партий, накопленные в базе 

данные позволят осуществить анализ статистики, анализ 

производительности работников. 

4. Отказ от излишних коммуникаций  

Подобные автоматизированные информационные системы 

позволяют пользователям получать нужную им информацию 

самостоятельно, не отвлекая от работы других участников 

процесса. 

Решение рассматриваемой проблемы 

Элементы цифровой экономики помогают сократить издержки 

на предприятии и позволяет получить большую эффективность 

производства. Самым популярным программным продуктом 

для ведения учета финансово-хозяйственной деятельности в 

РФ является 1С: Предприятие. Однако функционал данного ПО 

не позволяет автоматически производить расчеты для 

формирования производственной программы предприятия и 

производственных планов в целом. Однако данный продукт 

можно дорабатывать в виде встроенных модулей, подходящих 

под решение задач планирования на предприятиях, которым по 

тем или иным причинам недоступны дорогостоящие ERP-

системы. Реализация данного подхода предполагается в виде 

встроенных модулей для существующей экономической 

информационной системы, который позволит формировать 

портфель заказов и рассчитывать рациональное количество 

времени и ресурсов на их выполнение. Оптимизация процесса 

формирования производственной программы позволит 

уменьшить производственные затраты на любом предприятии с 

неравномерной загрузкой линий, в производственных цепочках 

которых используется ручная обработка. 

В связи с этим появляется необходимость в создании 

автоматической системы управления без применения 

дорогостоящего программного обеспечения с доступом через 

Интернет. Выявленная проблема решается по средству 

внедрения специализированных модулей в существующие 

информационные базы, которые берут на себя большую часть 

функций контроля, автоматизируют процесс формирования 

производственной программы, повышают продуктивность 

работы предприятия и позволяют управлять процессом с 

любого устройства, имеющего доступ в Интернет.  Средства 

цифровой экономики для оптимального планирования и 

формировании ПП должны оперативно отражать состояние 

экономических объектов с целью принятия своевременных 

решений о внесении изменений в бизнес-процессы, 

прогнозировать сроки выполнения заказов и анализировать 

эффективность работы сотрудников. Классические методы 

автоматизации производственного планирования базируются 

исключительно на сроках выполнения заказов и наличия сырья 

и трудовых ресурсов. Например, внедрение элемента цифровой 

экономики на предприятие сельского хозяйства позволит 

вручную указать приоритетность конкретной партии при 

формировании производственного плана, основываясь на 

любом показателе, в том числе отгрузку партии готовой 

продукции приоритетному контрагенту. Применение 

цифрового программного обеспечения позволит обеспечить 

доступ через Интернет и упростит работу системы в условиях 

ограниченности условия труда сотрудников (в том числе 

чрезвычайных санитарных ситуаций в стране и условиях 

пандемии). 

Несмотря на то, что за счет сложности, длительность 

автоматизации процессов предприятия с помощью 1С:ERP или 

встроенных модулей для 1С:Предприятия может составлять в 

среднем 2-3 года, ее выгоды становятся все более очевидными 

для руководителей крупного бизнеса. Однако, чтобы внедрение 

прошло успешно и принесло реальные плоды в виде 

повышения эффективности деятельности и прозрачности 

управления компании, автоматизацию следует доверять только 

проверенным партнерам компании 1С, входящим в "1С:Центры 

компетенции по ERP-решениям". 

Доля рынка ERP-систем в РФ проиллюстрирована на рис. 1.  

 
Рис. 1 – Доля рынка ERP-систем в России 

Проблемы, связанные с разработкой индивидуальных средств 

цифровой экономики для формирования производственной 

программы предприятия представлен на рис. 2.  

 
Рис. 2 – Проблемы внедрения средств цифровой экономики 

ERP-систем в России 
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Для повышения эффективности и результативности принятия 

стратегических решений рекомендуется внедрить на 

предприятии ПО для моделирования бизнес-процессов. Для 

решения подобных задач моделирования сложных систем 

существуют хорошо обкатанные методологии и стандарты. К 

таким стандартам относятся методологии семейства IDEF. С их 

помощью можно эффективно отображать и анализировать 

модели деятельности широкого спектра сложных систем в 

различных разрезах. При этом широта и глубина обследования 

процессов в системе определяется самим разработчиком, что 

позволяет не перегружать создаваемую модель излишними 

данными. 

Результаты и дискуссия 

Значение и преимущества использования элементов цифровой 

экономики в процессах планирования трудно переоценить, 

поскольку в этом случае наблюдается рост эффективности 

компании за счет появления новых возможностей. Например, 

анализ информации о посетителях аттракционов одного из 

французских курортов вызвал срочную переориентацию 

рекламы аттракционов на обслуживание семейных заездов из 

числа местных жителей вместо привлечения туристов из 

других регионов. После этого доходы владельцев аттракционов 

резко возросли.  

Использование элементов цифровой экономики и 

автоматизированных информационных систем (АИС) 

позволяет также повысить внутриорганизационную 

производительность и улучшить управление бизнесом. 

Например, используя информацию из кассовых аппаратов, 

АИС учитывает темпы продажи отдельных видов продукции. 

Проведенный учет и последующий анализ позволяют запускать 

в производство очередную партию изделий, определенного 

наиболее продаваемого типа.  

И, наконец, применение автоматизированных 

информационных систем способствует улучшению 

обслуживания клиентов. Например, информация для клиентов 

может поощрять дальнейшие сделки или покупки, а может 

отпугивать потенциальных партнеров или покупателей, а 

анализ и обработка результатов производятся с помощью АИС. 

Однако наравне с преимуществами внедрения средств 

цифровой экономики может возникнуть ряд проблем. Данные 

системы требуют более нагрузоустойчивого оборудования и 

предусматривают дополнительные финансовые вложения. 

Насколько актуальны расходы на оптимизацию процесса 

формирования производственной программы предприятий для 

малого и среднего бизнеса? 

Заключение 

Разработка систем для автоматизации процесса формирования 

плана выполнения работ и производственной программы 

предприятия безусловно является актуальной задачей. Решение 

этой задачи позволит не только оптимизировать процесс 

стратегического и производственного планирования, но и 

более точно прогнозировать выработку готовой продукции 

исходя из сроков изготовления партий.   

Рабочая гипотеза заключается в том, что внедрение 

современных инструментов цифровой экономики способствует 

повышению эффективности разработки производственной 

программы предприятия, а также точность производственного 

планирования. 

Развитие цифровой экономики происходит очень быстрыми 

темпами. По оценкам финансистов, в ближайшем будущем 

всех участников этого сектора ждут снижение уровня 

безработицы, понижение издержек при производстве товаров. 

Инструменты, которые предлагает цифровая экономика, 

позволяют полностью удовлетворить потребности клиента и 

повысить производительность труда. Электронная коммерция способна 

ослабить кризисы с помощью ускоренной реализации услуг и продукции, 

виртуальные платежные системы ускоряют товарообмен, интернет-

реклама по своей эффективности превосходит все известные ранее 

способы оповещения о новом виде товара (услуги).  
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Abstract: The structural scheme of the distributed power supply system with the use of solar photovoltaic stations is presented. An algorithm 

for the conversion of a solar photovoltaic power plant conversion system in the Matlab software environment has been developed and 

implemented, which allows using a standard power topology to simultaneously implement two operating modes – renewable energy 

generation to the mains and mains current shape correction. 

KEYWORDS: PHOTOELECTRIC STATION, POWER SUPPLY SYSTEM, POWER FILTRATION, POWER THEORY, POWER FACTOR. 

 
1. Introduction 

 

Significant interest in local power supply systems, whose 

consumers use renewable energy in parallel with the power grid, 

determines the list of issues related to the creation of 

electromagnetically compatible converter systems adapted to 

changes in operating modes and load parameters [1, 2]. 

Simultaneous use of several converters to implement these 

functionalities, such as an inverter and a power active filter, is not 

always economically justified. Therefore, the solution of such 

complex problems should be considered through the creation of 

new energy-efficient control algorithms for semiconductor 

converters with standard topological structures [3, 4]. 

The operation of photovoltaic solar stations in parallel with the 

mains is regulated by standards for the quality of electricity at the 

point of connection. In local power supply facilities, this problem is 

most acute due to the impact not only of the solar power plant, but 

also the modes of operation of the consumer on the quality of 

electricity [5, 6]. Most mains power inverters on the market of 

converter equipment for photovoltaic plants are not designed to 

solve this complex problem [7, 8]. This is a significant disadvantage 

of underutilization of the converter equipment, because the 

topologies of the power part of the transistor voltage inverter and 

the power active filter coincide. 

Solar photovoltaic plants are becoming widespread in both the 

industrial and domestic sectors. Increasingly, photovoltaic stations 

with a nominal capacity of tens or hundreds of kilowatts appear 

nearby or on the territory of industrial enterprises [9, 10]. Among 

the objects of power supply can be distinguished a group of 

industrial power consumers of significant capacity, characterized by 

stationary modes of operation. The load schedule of such consumers 

changes slowly over time. These power supplies usually cause 

distortion of the power supply settings. To eliminate their impact on 

the network and the work of other consumers use passive and active 

filter-compensating devices. On the other hand, the converter 

equipment of photovoltaic solar power plants is usually selected 

with a certain margin for current and voltage and is designed to 

operate in maximum generation mode, which corresponds to the 

maximum solar insolation for the climate zone where the power 

plant will operate. For a temperate climate zone during the year, the 

maximum solar insolation is achieved in isolated cases, which 

indicates the potential for additional use of conversion equipment as 

a filter-compensating device [11, 12]. 

 

2. Block diagram of the power supply system 

 

The block diagram of the distributed power supply system 

using solar photovoltaic stations is shown in Fig. 1. 

The circuit is composed on a modular principle, consisting of a 

certain number of cells (Module 1 – Module N). Each module is 

formed by connecting a power load, such as a technological 

industrial installation with a frequency-controlled electric drive and 

a solar photovoltaic station. The rated load capacity of each unit is 

greater than the rated capacity of the power plant (PLn > Psbn). 

Consider the structure of the first module. The converter of the 

frequency-regulated electric drive is connected to the busbars of the 

secondary winding of the mains transformer T (10 / 0.4 kV) through 

the inductive choke Ls1 and the uncontrolled rectifier DR1. The 

first harmonic of the mains load current of each phase is shifted 

relative to the corresponding phase voltage by an angle φ. In the 

spectrum of the mains current there are higher harmonics, multiple 

pulses of the rectifier n = 6k ± 1, where k = 1, 2, 3… is the number 

of the harmonic current. The combined electromagnetic effect of the 

load units of all modules distorts the sinusoidal shape of the voltage 

at the input of the transformer T. 

 

 
 

Fig. 1. Block diagram of the power supply system 

 

The solar photovoltaic station is based on an array of 

photovoltaic modules PSP1, energy-intensive storage ES1, 

capacitor C1, hybrid inverter VI1 and L-C-L output filter, which is 

formed by connecting capacitor batteries Cf1 in the gap inductive 

chokes Lf1-L. A responsible load (RL) is additionally connected to 

the common power bus. The converter system of the power plant 

consists of a step-up pulse converter, which performs the function 

of tracking the maximum power point (MPPT1), battery charge 

converter (DC / DC1) and voltage inverter (PI / PAF1). Part of the 

power circuit of the converter system from the capacitor bank in the 

DC circuit to the power supply network structurally corresponds to 

the parallel circuit automatic control system (ACS). 

Distributed power supply system with a solar photovoltaic 

plant according to the structural scheme under consideration, is able 

to implement the following modes of operation: 

– energy generation by the photovoltaic station to the power 

supply network under stable operation of power and responsible 

load; 

– power filtration of mains current with stable operation of 

power and responsible load; 

– energy generation by the photovoltaic station to the power 

supply network with simultaneous filtration of the mains current 

with stable operation of the power and responsible load; 

– autonomous power supply of the responsible load from the 

photovoltaic station; 

– autonomous power supply of the responsible load with 

partial power supply of the power load from the photovoltaic 

station. 
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Additional modes of operation of the distributed power supply 

system under consideration are the modes associated with the use of 

energy-intensive storage of photovoltaic power plants to equalize 

the daily load schedule of the transformer station with stable 

operation of power and responsible load. 

The multifunctionality of the transformer system of a 

distributed solar power plant is realized on the basis of an algorithm 

based on the transformations of the modified p-q-r power theory 

[13, 14]. The block diagram of the control system, which explains 

the operation of the algorithm, is shown in Fig. 2. 

 

 
 

Fig. 2. Block diagram of the control system 

of the conversion system 

 

The block diagram follows the principle of forming problems 

by phase currents after standard transformations of p-q-r theory 

coordinate systems and provisions of cross-vector theory, except for 

adding a separate node with feedback on the constant component of 

the discharge current of the drive Ies. The input of the control 

system receives signals from the voltage sensors installed on the 

low voltage buses of the transformer ua, ub, uc, and load current 

sensors iLa, iLb, iLc. Above the signals received from the voltage 

sensors, standard Clarke transformations from Cartesian abc to αβ0 

coordinates are performed. 

Using the provisions of cross-vector power theory, the 

modules of the spatial vectors of the mains voltage and load current, 

as well as the cosine of the shear angle between these vectors by 

ratios are calculated. 

Multiplying the modulus of the load current vector by the 

value of the cosine of the shear angle allows to calculate the value 

of the modulus of the load current vector along the axis p of the 

spatial rotating Cartesian system p-q-r [15]: 

 

cos .Lp Li i                                      (1) 

 

At sinusoidal symmetrical voltages of the power supply 

network, the direction of the vector iLp coincides with the direction 

of the vector us. 

After averaging the current trajectory iLp on the period of 

recurrence T we obtain the average value of the load current along 

the axis p: 
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,                                    (2) 

which corresponds to a constant flow of energy from the power 

supply to the load. 

The input of the switch S, which is switched by the comparator 

C, receives an average signal of the load stump along the axis p. 

In the combined mode of operation of the photovoltaic plant 

and ACS, the reference signal on the current vector along the axis p 

is formed by three virtually independent components: the DC 

current component ILp along the axis p, the mismatch of the voltage 

signal on the capacitor in the DC circuit relative to the task (Uc*) 

and signal mismatch drive relative to the task current (Ies*). The 

first two signals are typical for the operation of the ACS, and the 

third signal – for the operation of the inverter. 

If the power plant operates in the mode close to the maximum 

generation, the input of the task unit receives a signal on the 

generation current only from the last controller, ie the converter 

works as a standard mains inverter, giving energy to the industrial 

network [16, 17]. 

 

max
22

esces III  ,                                 (3) 

 

where Ies – the current generation current corresponding to the 

discharge current of the drive; Isbmax – maximum generation current. 

As soon as inequality (3) is executed, the compensator current, 

the comparator C is switched and the task signal for the 

compensator currents is added to the task signal by the generation 

current: 
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The value of the maximum generation current is limited by the 

characteristics of the transistor modules of the output inverter [18, 

19]. 

The calculated components are current problems along the axis 

p in the spatial coordinate system p-q-r. To receive them at the 

input of the PWM-generator, need to perform two inverse 

coordinate transformations: p → αβ0: 
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and inverse transformation Clarke αβ0→abc: 
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After phase-by-phase subtraction of the task currents from the 

load currents, taking into account the feedback on the power plant 

currents, we obtain the task signals on the power plant currents: 
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3. Simulation of the Microgrid system in the 

Matlab software environment 
 

To test the control algorithm of the converter system of a solar 

photovoltaic station, which is able to implement multifunctional 

modes of operation of the power supply system, a Matlab model of 

a distributed power supply system was synthesized (Fig. 3). 
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Fig. 3. Matlab-model of a distributed power supply system with a solar power plant 

 

The scheme of the power supply system corresponds to the 

block diagram in Fig. 1 and is a three-phase three-wire network of 

sinusoidal voltages (effective value of linear voltage – Ul = 380 V, 

frequency – f = 50 Hz, inductance – Ls = 28 µH, active resistance – 

Rs = 0.36 Ω), from which through a constant circuit the current 

generated by the three-phase uncontrolled rectifier is fed by a 

frequency-regulated drive with a nominal power of PLH = 300 kW 

with the inductance of the inlet reactor Ld = 75 µH. At the points of 

joint connection of loads through the power three-phase voltage 

inverter, the solar photovoltaic station Solar Station is connected to 

the network with nominal power PsbH = 100 kW (voltage in the DC 

circuit – Uc = 770 V; input capacitor capacity – C = 0.594 mF; 

output filter inductance – Lf1 = 21 µH, Lf2 = 21 µH, the capacity of 

the output filter – Cf = 36,8 µF). 

The structure of a solar power plant is based on a detailed 

mathematical model of a photocell, the set of which forms a solar 

photomodule with real technical characteristics. The connection of 

the same type of photomodules forms a photoelectric array. 

The voltage inverter is made according to the bridge circuit on 

IGBT modules with reverse diodes [20]. Battery and input filter 

capacitor are connected to the converter circuit (rated voltage – 

UesH = 670 V; rated capacity – CH = 300 Ah; maximum capacity – 

Cmax = 300 Ah; full charge voltage – Ufc = 779 V; rated discharge 

current – Ids = 130 A, internal resistance – Res = 0.0223 Ω). On the 

side of the three-phase power supply, an output filter is connected, 

which is formed by two sections of inductive reactor batteries, in 

the gap of which a capacitor battery Сf is connected, the phases of 

which are united in a "triangle". 

The performance of the proposed algorithm can be verified by 

performing a sequential transition from the uncompensated mode of 

operation of the consumer to the compensated, and then to the 

integrated mode, which combines the operation of the ACS and the 

energy generation of the renewable source.  

Operating oscillograms obtained in steady state for each of the 

three options for the operation of a distributed power supply system 

are shown in Fig. 4. 

In Fig. 4, a and it is seen that the uncompensated load current 

has a non-sinusoidal shape characteristic of the operation of an 

uncontrolled three-phase rectifier. 

After the ACS connection, the shape of the phase current is 

almost sinusoidal and coincides in phase with the corresponding 

voltage (Fig. 4, b). 

After connecting a solar photovoltaic station, the amplitude of 

the first harmonic of the mains phase current decreases in 

proportion to the discharge current of the storage Ies (Fig. 4, c), 

which indicates the combined power supply load from the network 

and the solar power plant. 

 
a 

 
b 

 
c 

 
d 

 

Fig. 4. Oscillograms of mains voltage and current phase A: 

а – uncompensated load current; b – ACS connection; 

c – connection of a solar photovoltaic station; 

d – load current compensation mode 
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The THD of the rectifier without the correction mode and with 

the power factor correction mode is shown in Fig. 5. 

 

 
                             a                                                  b 

 

Fig. 5. THD rectifier: 

a – without power factor correction mode; 

b – with power factor correction mode 

 

According to the simulation results, the combined operation of 

two regulators – the voltage regulator on the capacitor and the 

current regulator of the storage discharge has little effect on their 

stability due to the fact that the voltage on the capacitor is 

maintained by a constant additional charge controller. If equation 

(1) is executed in the generation mode, then the comparator is 

switched and the load current compensation mode is added to the 

generation mode (Fig. 4, d). 

 

4. Results and discussion 

 

An algorithm for the conversion of a solar photovoltaic power 

plant conversion system has been developed and implemented in 

the Matlab / Simulink software environment. When implementing 

the algorithm, the use of a modified p-q-r theory of power is 

proposed, which allowed to significantly reduce the number of 

calculations of the microcontroller system of autoregulation. 

 

5. Conclusion 

 

Verification of the algorithm on the synthesized simulation 

model of the cell of the distributed power supply system confirms 

the correctness in a wide range of changes in the parameters of the 

load and the generation current of the renewable source. 
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Метод за проверка чувствителността на  металдетектори в хранителната индустрия 
 

инж. Николина Георгиева, проф. д-р Стоил Тодоров 

Институт по металознание, съоръжения и технологии с център по хидро и аеродинамика „акад. А. Балевски“ 

 

Резюме: При производството на хранителни продукти се извършва контрол за откриване  на  метални частици в  готовата 

продукция и е необходимо да се извършва функционална проверка на металдетекторите за да се гарантира необходимата 

чувствителност. В публикацията е описан метод за проверка на чувствителността основан на поставянето на малки метални 

образци с определени размери и конфигурации хаотично разположени в тестови опаковки поставени на лентата на случайно избрани  

места за преминаване през тунела на металдетектора.  

 

1. Въведение 

Най-използваният тип металдетектор в хранително-вкусовата 

промишленост функционира на принципа, известен като 

„балансирана бобина“ регистриран за като патент през 19 

век[1]. Развитието на технологиите в електрониката позволява 

да се произвеждат металдетектори с  повишена 

производителност, по-голяма чувствителност  и с разширен 

обхват на информацията  на изходните сигнали. Въпреки това, 

съвременните металдетектори все още не могат да открият 

всяка частица метал, преминаваща през тях. Следователно, 

както е при всеки измервателен уред, металдетекторите имат 

ограничения на точността. Тези ограничения варират в 

зависимост от приложението, но основният критерий е 

размерът на откриваемата метална частица. Независимо от 

това, металдетекторите играят  съществена роля в контрола на 

качеството на хранителните продукти. 

 

2. Откриване на метали в хранителни продукти 

Металдетекторите откриват метал чрез измерване на 

електрическа проводимост и магнитна проницаемост. Много 

продукти, които трябва да бъдат инспектирани по своята 

същност, са носители на поне  една от тези характеристики. 

Например, всеки продукт, обогатен с желязо, като зърнени 

култури, създава голям магнитен сигнал, който детекторът 

трябва да преодолее, за да открие малки парчета метал. Те се 

наричат „сухи“ продукти. Обратно, продуктите с високо 

съдържание на влага и сол като хляб, месо, сирене и др. са 

електрически проводими и генерират сигнал за грешка. Те се 

наричат "мокри" продукти. Детекторът премахва или намаля 

този „ефект на продукта“, за да идентифицира метален 

замърсител. Повечето съвременни детектори имат автоматично 

калибриране. 

Теоретичната чувствителност на даден металдетектор се 

определя от размера на отвора, тоес колкото по-малък е отвора, 

толкова по-малко е парчето метал, което може да бъде открито. 

По-малкият размер на правоъгълните отвори се използва за 

изчисляване на чувствителността, въпреки че дължината също 

е от значение [2].  

Ефектът от продукта, зоната без метал, вида и ориентацията на 

замърсителя и други фактори могат да повлияят на 

практическата чувствителност при всяко приложение. 

Положението в отвора също влияе върху чувствителността 

(фигура 1). Централната ос е най-малко чувствителната точка и 

следователно тук трябва да се проведе тестване на 

производителността. С приближаването на метала към 

страните на бобините, сигналът, който генерира, става по-

голям, което улеснява разпознаването. 

Тестването на детектора трябва да се извършва така, че 

тестовата сфера да минава близо до центъра на отвора. Ако 

това не е лесно да се направи, трябва да се използва 

последователна позиция, така че резултатите от тестовете да 

бъдат последователни (фигура 2). 

 

 
Фигура 1 

 
Фигура 2 

 

Чувствителността на металдетекторите не е еднаква за всички 

видове метали. За простота, категоризираме всички метали до 

три вида: черни метали, цветни метали и немагнитни метали.  

Частиците от немагнитните неръждаеми стомани са най-

трудните за откриване поради лошите им електропроводими 

качества. При проверка на сухи продукти сферата за тях трябва 

да бъде с 50% по-голяма от сферата за черни метали, за да 

генерира същия размер на сигнала. При проверка на мокри 

продукти сферата за неръждаема стомана трябва да бъде от 200 

до 300% по-голяма от сферата за черни метали, за да генерира 

същия размер. 

 

3. Тестване на металдетектори 

Независимо от това колко сложна или надеждна може да бъде 

системата за откриване на метали, от съществено значение е да 

се създаде честа и задълбочена програма за тестване и запис. 

Това е съществен компонент при всяка качествена система. 

При липса на индустриални стандарти за тестване на 

детектори, всяка фирма производител трябва да установи свои 

собствени критерии за изпитване.  

В исторически план металдетекторите са тествани с тестови 

проби от черен и цветен метал и от неръждаема стомана. 

Наблюдава се тенденция към използване на единична (за 

предпочитане от неръждаема стомана) тестова проба, за да се 
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опрости процеса на изпитване. Размерът на тестовата проба 

трябва да бъде определен така, че тя да може да бъде надеждно 

открита вътре в продукта, минаващ през централната линия на 

детектора - най-малко чувствителната точка. Всяко 

приложение ще бъде различно и затова пробите трябва да 

бъдат съобразени с всеки детектор. Ако тестовата проба е 

твърде малка за приложението, това ще доведе до ненужни 

грешки. Ако пробата е твърде голяма, тя няма да тества точно 

работата на детектора.  

Принципно при стандартите за откриване на метали се 

измерват сфери, но реалните замърсители рядко са сферични и 

могат да генерират различен сигнал в зависимост от своята 

ориентация, когато преминават през детектора. Най-

драматичният пример за това е  при замърсител тел. При 

телените форми произведеният сигнал ще варира значително в 

зависимост от вида на метала и неговата ориентация при 

преминаване през отвора (фигура 3). В най-лошия случай 

проводникът може да генерира сигнал не по-голям от сфера със 

същия размер като диаметъра на телта. 

 
Фигура 3 

Тел от черен метал:  A – позиция с най-голям сигнал, B, C –  

позиции с най-малък сигнал. 

Тел от цветен метал и неръждаема стомана:  B, C – позиции с 

най-голям сигнал,  A – позиция с най-малък сигнал. 

 

3.1 Процедура за тестване 

Самата процедура трябва да е възможно най-опростена, но да 

отчита и следното: 

а) тестовата проба трябва да преминава през приблизителната 

централна линия на отвора, която е най-малко чувствителната 

точка; 

б) тестовите проби трябва да бъдат поставени в продукта; 

в) процедурата за изпитване трябва да позволи на 

отхвърлящото устройство да се активира, 

така че да се тества цялата система, а именно: 

• тестване със замърсител в предния и задния край 

• тестване на последователни опаковки 

• тестване на опаковки през една 

г) резултатите от изпитването трябва да бъдат записани. 

 

3.2 Тестови записи 

Форматът трябва да включва: 

а) идентификация на линия или детектора; 

б) дата и час; 

в) използваната проба; 

г) идентификация на оператора; 

д) резултат; 

е) коригиращи действия при отрицателен резултат. 

Условията на околната среда могат също да повлияят на 

работата на металдетектора, особено там, където трябва да се 

постигнат високи нива на чувствителност. Когато е възможно, 

детекторът трябва да бъде поставен така, че да се избегне или 

минимизира ефекта от такива условия. 

 

4. Приложение за използване на металдетектор в края на 

производствената линия. 

Предпочитаната опция е откриването на метал в края на 

производствената линия, тъй като в този момент продуктът е 

опакован и няма допълнителен риск от замърсители. 

Поради редица причини това не винаги е възможно, а именно: 

• физически ограничения (няма място); 

• вид/материал на опаковката (капаци или тави от фолио); 

• размер на пакета; 

Производителите дават препоръки за постигане на най-добри 

показатели за производителност на металдетектора - те винаги 

трябва да се прилагат. На фиг.4 е показано технологично 

решение на фирма ЕТ „Мултиинженеринг – Иванка 

Ангелова“[3] за контрол на шоколадови изделия. 

       

 
Фигура 4  
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На показаният на снимката металдетектор е с монтирано 

устройство за отхвърляне, което е подходящо за: 

• Опаковката - размер, тегло и форма 

• Поставянето - наклон, скорост на линията и ширина на 

лентата 

Следващата таблица дава общи насоки кой дизайн е най-

подходящ за приложение. 

Таблица 1 

Тип Подходящ за: Max 

тегло 

Забележки 

Въздушна 

струя 

Леки потребителски опаковки – бисквити, 

шоколад и др. 

Висока производителност 

1 кг. Неподходящ за неопаковани 

продукти, извити повърхности на 

кутии и някои пакетирани продукти. 

Сепарираща 

ръка 

Средни до леки опаковки. 

Средна производителност 

5 кг. Продуктът обикновено влиза в коша 

по диагонал – трябва да пасва по 

размер. 

Пневматичен 

избутвач 

Средни опаковки. Висока производителност. 7 кг. Неподходящ за неопаковани или 

чупливи продукти. 

Спиране при 

откриване 

Големи торби или кашони, ръчно подавани или 

насипни материали. Бавна производителност. 

25 кг. Изисква намеса на оператор за 

замърсен продукт. 

Стоп лента Малък продукт в линии или с неправилна 

форма. Средна производителност. 

2 кг. Размерите са за цяла линия или 

партида продукти. 

 

Препоръчваме следните допълнения, за да се гарантира 

надеждно отхвърляне на замърсен продукт. 

• регистрираща видеокамера - за да се документира; 

• затворена зона от детектора до отхвърлянето;  

• заключващ се палет – за да се гарантира, че замърсените 

опаковки са поставени под контрол. 

В допълнение към гаранцията, че металдетекторът 

функционира правилно, като част от процедурата трябва да се 

провери и пълната функционалност на системата. Това 

включва основна проверка, че устройството за отхвърляне 

работи правилно и замърсеният продукт е правилно обработен. 

Обикновено се доказва чрез следните методи: 

• поставяне на тестовата проба в предния край на продукта; 

• поставяне на тестовата проба в задния край на продукта; 

• преминаване на последователни тестови пакети; 

• преминаване на тестови пакети, редуващи се през един; 
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Abstract: Industry 4.0 represents the newest generation of industry development. Every day the various demands in industry are getting more 

and more demanding. The demand for shorter production and delivery time, more efficient and automated processes has led us to the 

Industry 4.0. It is necessary to include and integrate the latest developments based on digital technologies as well as the interoperability 

process across them. The goals is to enable companies to transmit information in real time in terms of performance and behaviour. Industry 

4.0 can be applied to any branch of industry. Agricultural industry is no exception. As far as agricultural machinery is concerned, it is a very 

important part of agricultural industry. Agricultural machinery incorporates electronic controls and it is a part of digital age, enhancing 

their current performance. In addition to the electronics, using sensors and drones, supports the data collection of several agriculture key 

aspects, such as weather, animals and crops behaviour, geographical spatialization, etc. The main tasks are how to apply the right methods 

and methodologies in order to support a better supply chain decision-making process, how to automate the process and  how can Industry 

4.0 help a person, who is in agricultural industry, in order to make effective decisions based on objective data.  

Keywords: INDUSTRY 4.0, AGRICULTURAL INDUSTRY, AGRICULTURAL MACHINERY, PERFORMANCE, TECHNOLOGY 

 

1. Introduction 

Industry 4.0 is a revolution in manufacturing, and it brings a 

whole new perspective to the industry on how manufacturing can 

collaborate with new technologies to get maximum output with 

minimum resource utilization. [1]. Over the years, worldwide the 

manufacturing context has been characterized by disrupting 

breakthroughs leading to radical changes in production and related 

processes [2]. Industries were and still developing due to so-called 

industrial revolutions.  

The fourth industrial revolution is present to this day. Industrial 

revolutions have significantly changed the world. The general 

concept of Industry 4.0 was firstly introduced by the German 

government program to introduce a paradigm shift toward a digital 

future in industrial production and to increase the competitiveness 

of the manufacturing industry [3]. Industry 4.0 mainly focus on 

streamlining industrial and production process, reducing 

development time, reducing costs and meeting consumer demands 

effectively [4]. 

One of the main elements in the concept of and Industry 4.0 is 

to look at the system as a whole (Fig. 1), not only  empirically but 

also by ensuring that all data and measurements are stored and are 

visible for analysis in one coherent system. This creates the 

foundation for a robust, database-lead process of  prioritization and 

decision-making [5].  

 

Fig. 1 Industry 4.0 

The goal of the paper is to see how does the Industry 4.0 affects 

agricultural industry in terms of new technology, new machines, 

better supply chain, automated processes, etc., and how to improve 

it all. 

2. Materials and Methods 

 When looking at agricultural production from a 4.0 perspective, 

it is necessary to define what overall goals are. 

Individual operation have to be organized and executed at the 

right time. It is important to have a good planning, which can be 

based for example on crop quality, yield, economy and 

environmental impact. As part of the concept of 4.0 all operations 

have to be planned as part of full production system [5]. 

 

Fig. 2 Industry 4.0 and Agriculture 

 

Agricultural industry is developing in correspondence with 

Industry 4.0 (Fig. 2). It stands for the combined internal and 

external interacting of farming operations, offering digital 

information at all farm sectors and processes. Even in agriculture, as  

the industrial sector, the 4.0 revolution represents a great 

opportunity to consider the variability and uncertainties that involve 

the agri-food production chain. Factories become smarter, more 

efficient, safer and more environmentally sustainable, due to the 

combination and integration of production technologies and 

devices, information and communication systems, data and services 

in network infrastructures. A farmer with his farm or agricultural 

companies must be able to adapt and to make changes in order to 

remain competitive on the market. One of the primary needs to be  

met is a constant communication between market and production, 

and within the business itself [6]. 

Technology has certainly developed in the 21st century. 

Nowadays we have easy access to it. There are several technologies, 

which can help a farmer or companies and which can be 

implemented together with Industry 4.0: 
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 Cheap and improved sensors and actuators 

 High bandwidth cellular communication 

 Cloud based ICT systems 

 Big Data analytics 

Agricultural machinery (tractors, combine harvesters, etc.) 

today come with better performance and equipment, which is now 

standard: 

 Smart control devices (on-board computers) 

 Many sensors for the operation of the machine and the 

agronomic process 

 Advanced automation capabilities (guidance, seed 

placement, spraying, etc.) 

 Communication technology embedded in the vehicle [7] 

Agricultural machinery and equipment are now widely used 

during the entire production process, including land preparation, 

crop planting, fertilization, harvesting, animal feeding and food 

processing. Agricultural mechanization significantly reduces 

manual work and improves productivity, so that fewer farmers can 

provide more food to meet the global demand for food. The 

innovation ICT and its integration with agricultural production 

helps farmers and companies to make a digitalization of farming [8] 

(Fig. 3). 

 

Fig. 3 Digitalization of farming 

 

Sensors are used to measure the status of soil and plant leaves 

for precise microclimate control [9]. Low-power wide area 

networks and wireless mesh networks are deployed to report the 

data generated during agricultural production [10]. Without high-

speed, high-quality Internet access, many smart farming capabilities 

could not be implemented [11]. Large-scale farmland monitoring, 

crop identification, and yield forecasting are available through 

remote sensing [12] with GPS technology [13] and UAV [14].  

Besides new technology and constant upgrading of agricultural 

machinery, a very good supply chain management is more than 

desirable (Fig. 4). 

 

Fig. 4 Supply chain management 

 

To achieve robust, resilient and sustainable supply chains in 

agriculture is very complex because they face more sources of 

uncertainty and risks in comparison with other supply chains that 

give rise to serious questions and concerns about their economic, 

environmental and social performance. Most important ones are: 

Product (shelf-life, deterioration rate, lack of homogeneity, food 

quality and food safety), Process (harvesting yield, supply lead 

time, resource needs, production), Market (demand, market prices) 

and Environment (weather, pests & diseases and regulations) [15]. 

Poor management of these sources of uncertainty can have a very 

negative impact on safety, quality, quantity and waste of products as 

well as human, technological and natural resources. Agricultural 

sector is one of the economic and political areas worldwide, with 

the key implications in sustainability to cover not only the food 

needs of the population, contribute to their employability and 

economic growth, but also in the impact on the natural environment 

[16]. 

Agriculture supply chains are strongly pressured to manage 

these sources of uncertainty and risks whose precise evolution over 

time is unknown but may jeopardize the future sustainability of 

these type of supply chains. It is necessary to move away from 

“business as usual” developing new solutions and implement 

innovative technologies [17] like digitalized supply chain. 

Digitalized supply chain (Fig. 5) allows companies to monitor 

material flows in real time making potential risks visible and 

develop future plans to face them. 

 

Fig. 5 Digitalized supply chain 

 

In terms of digitalized supply chain, data is very crucial. Data is 

the core of any business and the agricultural business is no 

exception. The new technologies have a great impact on the 

reduction of uncertainty since they allow obtaining precise data in 

real time, whose treatment, together with the capacities of 

autonomous and intelligent decision making will help to increase 

the efficiency, sustainability, flexibility, agility, and resilience along 

the whole supply chain from the farmers to final customers [15]. 

3. Results and Discussion 

In order to implement elements of Industry 4.0 in agriculture, 

certain tasks must be accomplished: 

 A need for standards to ensure compatibility of 

equipment: 

The major challenge in Industry 4.0 requires technological 

standards to ensure the compatibility of equipment and 

also applicability of equipment in rural areas. 

 The ability of farmers to modernize from a financial 

aspect: 

The essential challenge of adapting Industry 4.0 in 

agriculture is farmer’s ability to invest and to 

revolutionize their production practices. The economic 
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tight situation of farmer leads to limited investment ability 

in new production tools, agricultural machinery and 

limited access to credits. The farmers in rural area needed 

additional investment in training with new technologies of 

Industry 4.0 that arises gap between traditional and smart 

farming. Adoption of new techniques shows positive 

correlation with the impact of income, gross income and 

farm profitability. 

 The development of communication infrastructure in 

rural location: 

An important challenge that faces in rural areas in the IoT 

adoption for agriculture is communication infrastructures 

development. Mostly communication network is deployed 

in urban area specially to capture markets but success of 

Industry 4.0 in agriculture depends on the ability to 

exchange and analyses data. Thus, communication 

networks will have to be established in rural areas. 

 Farm size:  

Usually farmer with large size of farm are interested in 

deploying new technologies instead of farmer who 

posseses small size farm due to costs of investment. 

When certain tasks are accomplished, implementing Industry 

4.0 in agriculture has its own benefits in terms of improving 

agriculture: 

 Data collected by smart agriculture sensors: 

Data collected by sensors are analyzed and states, for 

example, weather conditions, soil quality, cattle health, 

crop’s growth. This data can be used to track the plants 

and equipment efficiency. 

 Better control over the internal processes and, as a 

result, lower production risks:  

This new technique helps in planning for better product 

distribution and depends on output prediction by data 

processing. 

 Cost management and waste reduction thanks to the 

increased control over production:  

With continuous monitoring, Industry 4.0 helps to reduce 

waste and cost management for a particular farm. This 

increases the yield of crop. 

 Increased business efficiency through process 

automation: 

With the utilization of smart automated device in 

maximum activity in production cycle like irrigation, 

fertilizing, etc. 

 Enhanced product quality and volumes: 

Controlling all the agriculture processes and maintaining 

high standard of, for example, grain quality, which results 

in increase of productivity. 

4. Conclusion 

Industry 4.0 indeed represents a new industrial revolution. It can 

be applied to every branch of industry, including of course, 

agricultural industry. With the implementation of Industry 4.0 in 

agriculture, it is possible to have shorter production time, better 

product quality, automated processes, intelligent machinery, better 

supply chain management, etc. It is important that with these above 

stated reasons farmers with small size or large size farm and 

agricultural companies can achieve better results in terms of 

production and quality of the goods. It is desirable that the state 

helps local farmers with implementation of Industry 4.0 in rural 

areas, which are often, unfortunately, not developed enough. That 

would include providing necessary knowledge why the concept of 

Industry 4.0 is very good for them and to provide farmers with 

favorable loans, which can help them buy or upgrade their 

agricultural machineries. Thus rural areas would be more 

developed. 
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Abstract: Future of modern communication technologies of smart modern production systems is moving to wireless form of data transfer 

between devices. Thanks to use of smart devices that communicate within the network, we are talking about of interconnection of separate 

devices – Internet of Things (IoT). In connection with the implementation of standards Industry 4.0 in the manufacturing process together 

with IoT implementation into production process a new term is created – Industrial Internet of Things (IIoT). However, the implementation 

of this form of wireless communication brings some problems, mainly in field of safety and stability of data transfers. This paper provides a 

brief overview of the current state of the use of IIOT in industrial communication and production management and describes relationships to 

concepts such as cyber-physical systems and Industry 4.0. Part of the article is a proposal of communication scheme suitable for the 

implementation on model of modular production system (MPS). 
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1. Introduction 

These days, modern industries go through a transformation in 

accordance with the standards of Industry 4.0. The Industry 4.0 

standard represents a new way of approach to implementing new 

technologies in the manufacturing, otherwise known as Smart 

Factory (SF) [2], or Cyber Physical Systems (CPS) [1].  

The possibility of realization such form of production is based 

on the presumption of existence of smart devices, partially 

independent on central management and clever. These devices 

communicate with each other without any interaction with a human. 

For example, smart sensors in traffic and road control structures 

assemble information about traffic status and roads, weather 

conditions, in industry autonomous robots, conveyors, automated 

guided vehicles, actuators, etc. It is clear, that volume of transferred 

data between devices in such type of production process is huge. In 

addition, usage of classic transmission paths like a metallic or 

optical wire isn’t suitable solution.  

The solution is to connect smart devices wirelessly. The pros of 

this connection method is independence on infrastructure, but there 

are more cons. Firstly, there is low stability of connection due to 

mobility of endpoints, therefore this kind of data transfer means 

lower connection stability. Secondly, the wireless transfer doesn’t 

meet requirements on communication security due to uncontrollable 

signal spreading in area. 

In addition, process control is time highly depended process. 

Not just a connection failure, but only delay in process control may 

result into material damage or injury to a human operator. 

In area outside time-depended process control is often used term 

for wireless communication of smart devices, the term Internet of 

Things (IoT). IoT is a well-known concept, which represents the 

next generation of products and communication between them. It 

has a direct correlation with Industry 4.0 standard, where the 

existence of smart products is one of the prerequisites for the 

intelligent manufacturing implementation [3]. 

According to achieving better safety and security of 

communication in case of process control in industrial domain, 

there arises extension of IoT for industry – Industrial Internet of 

Things (IIoT). [4,12] 

Industrial IoT is a subset of IoT which requires higher levels of 

safety, security and reliable communication without the disruption 

of real-time industrial operations due to mission-critical industrial 

environments. The focus of IIoT is efficient management of 

industrial assets and operations along with predictive maintenance. 

IIoT is the network of intelligent and highly connected industrial 

components that are deployed to achieve high production rate with 

reduced operational costs through real-time monitoring, efficient 

management and controlling of industrial processes, assets and 

operational time [5]. 

2. Theoretical foundation and related work 

In the study of literature from available sources, the term 

Industrial Internet of Things can be often found in conjunction with 

terms “Cyber physical systems” “Industry 4.0”, “Cloud”, “Fog”, 

“Industrial Control Systems”, “Smart Factory” and “Industrial 

Internet” [4,5,6]. In addition, IIoT is seen as a major source of big 

data and so requires the modern technologies to handle huge 

structured or unstructured data sets [5]. Considering that IIOT is 

relatively new technology and in addition to those mentioned 

technologies, the IIOT communication is usable by wide range of 

new and modern, state of art technologies: 

 IoT for industrial Condition Monitoring and Predictive 

Maintenance 

 Intelligent robots based- IIoT for industrial applications 

 Human machine interface in IIoT for industrial 

applications 

 Smart manufacturing using IIoT 

 Plug-and-Produce, Artificial Intelligence, Computer 

Vision, Fog and Edge Computing in Industry 4.0 

 Interoperability and Integration in IIoT and Industry 4.0 

 Machine-to-machine communication protocol (OneM2M, 

OPC UA, DDS, etc.) 

 Novel Information models, standards mapping and 

software development techniques for IIoT 

 Novel network technologies applied for IIoT (TSN, 5G, 

SDN etc.) 

 Network management and industrial communication 

protocol 

 Digital Twin, Device Models, Automation Models 

 Novel applications of service-oriented architectures in 

IIoT (e.g., Microservices, REST, Serverless computing) 

 Application of Blockchain Technology in the 

Manufacturing Industry 

 Algorithms for remote IIoT data collection and filtering. 

 Emerging sensors in IIoT 

 

The whole problem area of IIOT implementation is well analysed in 

work of Boyes et al. [6]. They provided a survey of existing 

definitions of IIoT and developed own definition of an analysis 

framework for IIoT devices, together with practical classification 

scheme for those with an interest in security-related issues 

surrounding IIoT.  

Another study about IIOT status aligned with the industrial domain 

is described in work of Khan and Al-Badi [7]. They describe 

possibilities of integration of IIOT and different types of machine 

learning frameworks, focused on data processing.  
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Chen in his work [8] describes an application of IIOT in area of 

wireless sensor network. Author proposes a reference architecture 

and construction path for smart factories by analyzing industrial IoT 

technology and its application in manufacturing workshops. 

Additionally, the article offers industrial IoTs solution for 

manufacturing workshops in view of the variety of on-site 

manufacturing data, large amount of data, variable status, 

heterogeneity, and strong correlation between data, integrated key 

technologies such as WSN and RFID. Finally, the proposed system 

is analyzed from the perspective of real-time, performance and 

quality. The results show that the system is effective in the 

monitoring of production line data. Suchlike problem describes 

Huang [9]. The core of his work is about connection of devices, 

such as enterprise smart terminals, barcode scanners, radio 

frequency identification (RFID) readers, wearable devices, sensors 

and aisles and shelf beacons using IIOT and data gathering from 

monitoring system.  

IoT is experiencing exponential growth in research and 

industry, but it still suffers from privacy and security vulnerabilities. 

Authors Zhang et al. [16] solve problem with use of technology of 

blockchain in IIOT area.  They use the network model of multiple 

edge gateway in IIOT network with aiming at the security of data 

transmission in industrial Internet of Things for smart city. In 

conclusion there are simulation results. From outputs it is clear, that 

the proposed lightweight data consensus algorithm reduces the 

average hop count of data transmission, thereby reducing the 

probability of data being stolen and used algorithm achieves high 

data accuracy and ensures the safety and reliability of the IIoT.  

Security of nodes and data transfer safety is major problem for 

all wireless forms of transfer, no exception for IIOT networks. 

Requirements for safety of industrial wireless sensors network 

integrated into IOT network is well summarized in work of Alcaraz 

et al. [20]. Article contains analysis about IIOT safety from many 

points of view – attacker impact, secure channel communication, 

authentication, authorization, accountability and detection and trust 

management. In output of work is proposal of secure IIOT 

architecture that contains classic methods for securing systems in 

internet – firewall, Intrusion Detection System, etc. As a conclusion 

of this analysis, it can be stated that for the existing needs of the 

industry, it is not necessary to fully integrate the industrial WSNs 

within the Internet, and a simple capillary network with enough 

redundancy can provide all the desired functionality.  

Qureshi et al. [17] propose framework with possibility to detect 

HELLO-Flood attack, Version number attack, Sinkhole attack, and 

Black hole attack. The performance of proposed framework is 

evaluated at various performance parameters including attack 

detection accuracy, true positive rate, false-positive rate, 

throughput, and end-to-end delay.  

It is clear, that security is one of the most important property, 

therefore within area of security of IIOT networks exist many works 

of other authors [13, 14, 15]. In summary we can say, that security, 

privacy, confidentiality of information must be provided to the user. 

IoT deployment requires tremendous efforts by resolving the issues 

related to confidentiality, security and privacy threats [18,19,20,21].  

The situation is complicated due to number of standards and 

communication protocols used for interconnection within IIOT 

networks. A comparative network basis for the implementation of 

the industrial Internet of Things is provided in [10], [11]. Still exist 

number of open research areas that are less investigated [28]: 

 to develop lightweight cryptographic protocols to 

protect IoT devices against vulnerable attacks, 

 to develop preventive techniques against Traffic 

Analysis attacks, 

 to propose techniques or solutions to prevent or solve 

network DDoS attacks, 

 to develop lightweight Anti-Malware solutions to 

protect the IoT devices from Malware, 

 to develop lightweight schemes to simultaneously 

provide data security while maintaining accessibility 

to only authorized users, 

 to develop lightweight cryptographic algorithms and 

efficient key management schemes for protection of 

data confidentiality and integrity. 

 

In addition, IoT environments are continuously changing due to 

its independence. Changes may come from the service, 

connectivity, or physical layers of the IoT architecture. Therefore, 

to function appropriately, the system needs to dynamically adapt to 

its environment. Dynamic adaptation in IIoT communication is not 

just matter of protocol adaptation, i.e. data transfer without errors, 

thanks to smart communication interfaces and protocols. IIoT 

system in real environment must be able to make dynamic 

adaptations in structure and to manage the inclusion of new devices 

and devices’ transient connection [22]. There exist many research 

works in area of IIoT architecture adaptations and flexibility 

[22,23,24,25,26]  

Finally, according to the available literature we can say, that 

there are number of various issues in IIoT implementation: 

 Universal standardization is required in architecture 

 Interoperable technologies are required 

 Standard protocols are required 

 

3. IoT architecture of product oriented Modular 

Production System (MPS) 

The modularity of production systems is highly complex matter 

and deals within different areas of production. The modular 

production is realized by combining subjects – modular production 

cells into larger and complex production line - modular production 

system (MPS). The key component of this type of production 

architecture is communication.  

Modern trends in distributed production system is use of cloud 

and fog architectures. The whole structure of Cyber physical system 

can be divided into layers according to logical functions and roles 

of specific devices – physical layer, cyber layer and system layer 

(Fig.1). 

 

 

Fig. 1 Architecture for industrial smart product service system [27]. 

The physical layer is simply hardware, such actuators, 

input/output devices, controllers, sensors, etc. In the physical layer 

can be also included communication hardware (physical layer of 
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network, fieldbus, wireless). This layer also includes sensors of 

internal systems of more complex units, like robots and AGV. The 

data from these sensors are not directly linked to production 

process, but they belong to physical layer. For example, level of 

current in device (battery status), oil pressure, temperature of 

gearbox and so on. 

The main role of cyber layer is to process the data from physical 

layer. For example, data cleaning, data integration, data reduction, 

data transformation. Entities belonging to cyber layer are 

responsible for improving the data quality and ensuring the 

effectiveness and reliability of data analytics [27].  

The highest layer, the system layer is part of CPS, which is 

responsible for production process management and communication 

with other subjects and systems (statistics, communication with 

other CPS, data mining processes, prediction, ERP).  

Application of IIoT in communication makes the most sense at 

physical layer. Higher layer entities are represented by complex 

computer systems, often represented by cloud. Benefits of wireless 

communication are clear for sensors and moving elements.  

 

 

Fig. 2 Position of IIoT GATE in smart production system  

 

Devices in physical layer are interconnected using wireless 

protocol. As mentioned above, there is number of hardware 

components and communication protocols used in IOT networks. 

List of usable protocols and communication standards can be 

broken into the following layers to provide some level of 

organization [29]: 

 Infrastructure (ex: 6LowPAN, IPv4/IPv6, RPL) 

 Identification (ex: EPC, uCode, IPv6, URIs) 

 Comms / Transport (ex: Wifi, Bluetooth, LPWAN) 

 Discovery (ex: Physical Web, mDNS, DNS-SD) 

 Data Protocols (ex: MQTT, CoAP, AMQP, 

Websocket, Node) 

 Device Management (ex: TR-069, OMA-DM) 

 Semantic (ex: JSON-LD, Web Thing Model) 

 Multi-layer Frameworks (ex: Alljoyn, IoTivity, 

Weave, Homekit) 

Our proposal of communication model in testing lab in 

communication/transport layer must meet following criteria: 

 free (without licensing),  

 widely supported by hardware manufacturers, 

 perspective to future development and using 

 usable in low power communication 

 suitable for permanent connection 

From number of connection protocols [30], seems appropriate 

using of LP-WiFi (IEEE 802.11ah), classic WiFi communication 

(802.11b/g/n), Bluetooth (802.15), perhaps IEEE 802.15.4. At 

transport/network layer we suggest using of TCP/IP dual stack 

communication model, mainly using IPv6. The IPv4 addressing of 

devices is proposed for backward compatibility only with other 

(existing) systems in factory. Data exchange on higher layer – layer 

of exchange protocols – we propose using of HTTPs connection. 

For data exchange in our model are also usable MQTT, JSON and 

xml. 

 

Fig. 3 Communication stack for Smart Factory compared to ISO/OSI 

 

Due to mentioned security problems of wireless communication 

in general, the situation in CPS IIoT is much more complicated. The 

connected, always-online nature of these systems means entire 

factories could be vulnerable to often devastating cyber-attacks 

[28]. In present, there isn´t possibility to secure CPS in all levels 

and points (devices). The main problem is that devices used in 

smart grid in CPS are not smart enough (limited energy sources, 

low computing power) for implementation of complicated 

cryptographic methods and authorization mechanisms generally 

used in computer systems. There is possibility to apply standard 

security mechanisms designed for communication system connected 

to internet, which consist of firewalls, intrusion detection systems, 

2FA, honey pots. etc.  
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4. Conclusion 

Modern smart production system known as Smart Factory or 

CPS, need for their realization to implement many modern 

technologies. Basic part of all of them is information about system 

status, process parameters, device state, errors, temperatures, 

current value and much more. These data are recorded by smart 

devices interconnected within CPS. The key is reliable data transfer 

between smart grid of components and higher layers – management 

and control. Problem is that technology of communication of smart 

devices between them and to internet, known as IoT, does not meet 

the requirements for safety, security and reliability in industry. 

Industrial IoT should be an upgrade to IoT standards. There are 

many problems by real implementation and a lot of work to do for 

successful operation. This article describes trends in area of 

implementation of IIoT, discusses the possibilities of use and 

identifies the main security problems of IIoT. A part of article is 

proposal of IIoT gate and enumeration of selected communication 

protocols suitable for data transfer with possibility of securing the 

communication using standard security methods. 
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Abstract: The problem of air pollution with fine particulate matter and aerosols is more than topical and extremely serious. There is a need 

to develop and build reliable geographically distributed air quality monitoring networks to enable real-time data collection. The analysis of 

such data would help identify the origin of the particles and timely operational measures by the authorities. The research aims at the 

development of a mobile modular station with autonomous power supply and the experimental feasibility study and as a first step in the 

construction of a complete network. 
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1. Introduction 

The problem of ambient air pollution, even more so in the light 

of the European Commission's latest decision to condemn Bulgaria, 

is extremely serious. The quality of ambient air is determined by the 

impurities present in it and is regulated in the first place by 

Directive 2008/50/EC, which is implemented in our normative 

documents. The concentration of fine particulate matter (PM) is one 

of the main problems in many major cities in Bulgaria. One of the 

issues essential for solving the problem is related to the origin of the 

particles and another – to the frequency of measurement and spatial 

resolution of measuring their concentration [1, 2]. 

The number of EEA monitoring points on the territory of Sofia 

meets the requirements of the Directive, but for detailed analysis the 

data from these stations is extremely insufficient, since the publicly 

available data has a 24-hour average and is obtained upon request to 

the agency. This means that real-time data analysis is impossible. 

Due to their high cost and the need for complex technical support, 

their number cannot be increased easily and quickly. In addition, the 

addition of functionality for measuring additional pollutants is also 

associated with high costs. 

On the other hand, the widespread and rapidly growing public 

network of the Luftdaten.info project (AirSofia) represents a good 

opportunity to complement the monitoring of ambient air quality. 

The shortcomings of their sensors for outdoor use, in wide ranges of 

temperature and relative humidity are widely known and 

commented, so that data from the public network must be 

interpreted extremely carefully, especially with regard to the 

absolute values of the measured indicators reported by the network 

[3, 4]. 

This study aims to test the possibility of constructing a low-cost 

modular mobile station with autonomous power supply as an 

advanced complement to stations on the public network and its 

application for recording real-time indoor air pollution events. The 

combined analysis of data from specific sensors in real time or 

offline could answer the question of the origin of the particles for 

each point in the sensor network. This would be an extremely 

important tool in the preparation of operational measures and an 

adequate response of the authorities to reduce air pollution. 

 

2. Design and development of the mobile station 

The mobile station was developed on a modular basis with 

microcontrollers Atmega328P and ESP8266, as such its structure 

allows reconfiguration for specific tasks – local data collection on 

an SD card, data collection with close distance transmission, data 

collection with transmission over a mobile or computer network; 

measurement, collection and primary processing of data on 

meteorological parameters – air temperature, relative air humidity, 

atmospheric pressure, wind speed and direction, amount of 

precipitation, parameters of sunshine – UV index, UV/IR/visible 

light; measurement, collection and primary processing of data on air 

pollutants – eCO2, TVOC, NO2, SO2, CO and others. 

2.1. Principle scheme 

The principle scheme is shown in Fig. 1 and includes the 

following main components: solar panel, solar controller, 

battery/battery pack; lowering PWM DC/DC to power 

microcontrollers; atmega328P microcontroller; and optional 

microcontroller ESP8266; meteorological measuring sensors; 

pollutant sensors; SD card module for local data storage; 

communication modules.  

 

Fig. 1 Principle scheme of mobile station 

 

TableГрешка! Източникът на препратката не е намерен. 

input/output interfaces and rails according to the needs of the 

specific research task (e.g. sensors for measuring the concentration 

of SO2, NO2, O3 and CO in the air, which are common pollutants 

according to Directive 2008/50/EU). 

 

Autonomous power supply from a solar power source (panel) or 

a chemical power source (Pb or LiIon batteries) provides the ability 

to operate in specific locations located far from the electricity grid. 

Depending on the configuration of sensors, the modular station has 

different power consumption on the one hand and on the other hand, 

according to the autonomy requirements of the specific application, 

an appropriate set of solar panels with a certain power and battery 

or battery pack is selected. For each of the modules, the necessary 

code has been developed. Raw data needs to be pre-processed, and 

here is one of the algorithms used – smoothing with exponentially 

weighted moving average. 
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Table 1 Modular station components 

№ 
Kind of 

component 
Function Model 

1 microcontroller 
system 

management 

Atmel328P (Arduino 

UNO R3) 

2 Power supply solar power source 

10W solar panel of 

polycrystalline 
silicon 

3 Power supply 

solar power supply, 

battery charge, 
power supply to 

consumers 

Solar Charge 

Controller 12/24V, 

20A, PWM 

4 Power supply 
lowering the supply 

voltage 

DC/DC lowering 

PWM module with 
input voltage 10-60V 

and stabilized output 

voltage 7.5V 

5 Power supply 
chemical energy 

source 

battery 12V, 7-12AH 

or rechargeable 

package 

6 service module real-time clock 
DS3231 temperature 

stabilized clock 

7 service module graphical display 

LCD 16x2 display 

for local 
measurement 

visualization 

8 service module local data storage 

SD/SDHC card 
module for local 

storage of data in 

CSV-formatted file 
on SD card 

9 
communication 

module 

wireless 

communication 
connection 

ESP8266EX 32-bit 

microcontroller with 

WiFi 802.11n and 
TCP/IP network 

stack 

10 
communication 

module 

wireless 
communication 

connection 

Bluetooth HM12 
module supported by 

4.1+EDR and BLE 

11 
communication 

module 

cable 

communication 
connection 

W5100 IEEE 802.3 

Ethernet connection 
module according to 

standard 100Base-

TX on twisted pair 
cables 

12 
meteorological 

module 

measurement of 
meteorological 

parameters 

Bosh BME280 for 

measuring 
temperature, relative 

humidity and 

atmospheric pressure 

13 
meteorological 

module 

measurement of 
meteorological 

parameters 

Silicon Laboratories 
SI1145 UV index, 

IR/UV 
intensity/visible light 

14 
meteorological 

module 

measurement of 

meteorological 
parameters 

La Crosse 

Technology TX20 

wired digital 
anemometer for 

measuring wind 

direction (16 rumbas) 
and wind speed  

(0-51.1 m/s) 

15 
meteorological 

module 

measurement of 
meteorological 

parameters 

Technoline Mobile 

Alerts MA10650 

16 measuring module 
measurement of the 

content of 

pollutants in the air 

Nova PM SDS011 

LLS two-channel 
digital sensor for 

measuring  

of PM2.5 and PM10 

17 measuring module 
measurement of the 

content of 

pollutants in the air 

Adafruit CCS811 

MOX-plate sensor 

for measuring of 

eCO2 and TVOC 

 

 
 

2.2. Implementation of Exponential Moving Average (EMA) 

Algorithm 

Smoothing the input data read at high frequency by the 

measuring sensors allows the elimination of high-frequency signal 

interference. They may be due to external interference or to the 

algorithms for converting voltage into digital equivalent in the 10-

bit ADC of the microcontroller.  

The algorithm using exponential moving average (EMA) to 

calculate the smoothed input signal value Si at input signal values 

Yi:: 

𝑡 = 1,   𝑆1 = 𝑌1 

𝑡 > 1, 𝑆𝑡 = 𝛼 ∗ 𝑌𝑡 +  1 − 𝛼 ∗ 𝑆𝑡−1 

 

Where the St is the calculated signal from the EMA time 

algorithm t, α is a factor in the interval [0; 1] that determines the 

severity of the previous calculated signal values. A higher value of 

α results in a faster response to a change in input signal, but uses 

less raw input data than the sensor. 

Since, according to manufacturers, most of the sensors used for 

the development of the mobile modular station are applicable to 

indoor or shelter conditions and have not been tested outdoors, and 

even more so in winter conditions – low temperatures, high 

humidity, snowfall, fog, etc., it is undoubtedly necessary to conduct 

tests on the behavior of the apparatus in real adverse weather 

conditions.  

For this purpose, a time period is selected from 28.12.2019 to 

4.1.2020. Including. The station is located at an altitude of 902 m. 

in the village of Bistritsa – Sofia Municipality, at a point with 

geographical coordinates 42.58791N and 23.36016E, in a 

residential area. The place is characterized by complex topography, 

which determines local wind speeds, as well as local microclimate. 

The area is residential, without heavy traffic. The population is 

heated with the predominant use of solid fuel installations. There 

are no industrial or sources of wind erosion nearby. This makes it 

possible to clearly identify the type of source of pollution when 

registering pm pollution peaks after combined analysis of data from 

different sensors.  

In parallel, a sampling of glass fiber filters with standard 

apparatus for gravimetric determination of PM10 was carried out 

directly next to the mobile station for the purpose of possible 

correction or development of a new internal model for converting 

the raw data from the LLS particle counter into a mass 

concentration [5, 6]. 

To compare the suitability, influence of the microclimate and 

the type of polluting activities, a comparative analysis of the data 

from the experimental mobile modular station, in particular the 

temperature, humidity and PM sensors, was carried out with those 

of the public network of the Luftdaten.info project (known as 

AirSofia or AirTube), as well as data from an air monitoring point 

of the Executive Environmental Agency (EEA) – "AIS Kopitoto" 

using a reference monitoring method (beta absorption). 

3. Geographical location of monitoring stations 

 

Fig. 2 Location of AAQ monitoring stations 
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The location of the selected ambient air quality monitoring 

stations is presented to Fig. 2. As shown by it, the AIS Kopitoto is 

located in a rural area near the city of Sofia and is classified as a 

background rural near city monitoring station for AAQ.  

It is characteristic of the recording of background PM10 

concentrations and the data from the station are used to verify the 

conclusions of the analysis of data from the sensor stations. 

Sensor station "Pavlovo #11877" is part of the project 

Luftdaten.info (AirSofia) and is located near two large 

thoroughfares – "Tsar Boris III" Blvd. and „Ovcha kupel“ Blvd. It is 

therefore assumed that it takes into account mainly the impact of 

PM2.5 and PM10 emissions formed by transportation on both 

avenues. The PM2.5/PM10 ratio is also expected to be different from 

in the background points. The Bistrica No 6394 sensor station is 

also part of the Lufdaten.info (AirSofia) project and is located about 

150 meters from the location of the experimental mobile station 

subject to the study.  

 

It was chosen because of the close location to the site of the 

experiment on one hand and, on the other hand, it is located at the 

end of the residential area, at the foot of the mountain, where 

relatively constant vertical currents are characteristic. All sensor 

stations included in the Luftdaten.info project collect data every 

approximately 2:30 minutes, while the mobile modular station is 

configured to measure and record results for air quality indicators 

and weather data every 15 seconds (4 measurements per minute). 

due to fast-moving transient events (sudden pollution) 

4. Summary of experimental results from the mobile 

station 

Table 2 presents the summarized results of the operation of the 

mobile measuring station for the period from 28.12.2019 until 

04.01.2020 (8 days). Samples with n=23831 values of parameters T 

(air temperature, °C), AP (atmospheric pressure, hPa), RH (relative 

humidity), DP (calculated dew point, °C), UV (UV index), eCO2 

(concentration of equivalent CO2, ppm), TVOC (total volatile 

organic compounds, ppb) have been collected. For parameters PM2.5 

and PM10, μg/m3 samples were reduced by 2706 values to n=21125 

due to sensor fan freezing by condensed water drops and a drop 

down of temperature below -8.8°C. The program algorithm was 

adjusted with changing the timing diagram for blow-in/collect mode 

before/after measurements to fix the problem. 

Fig. 3 Air temperature and UV index (02.01.2020) 

For the period from 01.01.2020 to 04.01.2020 between 10 to 15 

o’clock the air temperature was in the range from 5 to 15 °C, which 

is an unusually high temperature for this time of year. This is 

particularly evident in the graph of Fig. 3, which shows the daily 

temperature change and measured UV index for 02.01.2020, and 

lower emissions as a result of heating combustion processes should 

be expected from here.  

On Fig. 4 is shown measured relative air humidity RH in % for 

the period of the experiment. It is easy to notice the decrease in 

relative humidity in periods with a higher temperature.  

 
Fig. 4 Measured relative humidity [%] by day and hours 

 
Fig. 3 Measured PM2.5 concentration [μg/m3] by day and hour 

 

Fig. 5 Грешка! Източникът на препратката не е 

намерен.contour plot of the values of PM2.5 measured with the 

mobile station, depending on the day and time of the day. The areas 

with red contours are in the hours typical for igniting solid fuel 

heaters (in mornings between 8 am and 9 am). The larger areas 

enclosed by red color are obtained for the evening hours (after 

16:30), which correspond to the drop in the daily temperature and 

the associated intensive heating. The process is kept stable for 

several hours, with an almost constant emission. 

 

 
Fig. 6 Measured eCO2 concentration [ppm] by day and hour 

 

The amounts of the larger PM fraction are greater when the 

particles are generated when burning solid fuel for heating, which 

can be noticed by the red contour of the graph, which is 

significantly large in area and value.  

Table 2 Mobile modular station operation results 
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Fig. 7 PM10/PM2.5 ratio model, obtained from measured data 

 

Fig. 7 presents a regression model of the ratio between 

PMГрешка! Източникът на препратката не е намерен.2.5 and 

PM10 concentrations with a high value of the coefficient of 

detergent. 

 

Areas with short-term peak concentration values are visible 

every morning between 8 and 9 hours, which is explained by the 

start times of the heating installations. since it is a clear signal for 

identifying an event and type of polluting activity, especially in 

combination with data from the other two sensors for eCO2 and 

TVOC. Graphs clearly show the variation in concentration and thus 

the PM emission, on daily basis and as function of ambient 

temperature, which is essential for obtaining adequate and accurate 

variation coefficients used in defining the emission for the purposes 

of the assessment of AAQ modelling.  

 

It is clearly noted that at the high concentration values of the 

two particle fractions, a distinct non-linearity of the ratio occurs, 

consisting in an increase in the proportion of the fraction to 2.5 μm. 

This could be due to the miscalculation by the LLS method, 

influenced by the condensation nuclei at high relative humidity 

(above the manufacturer's recommended upper limit of 75%).  

 

On the other hand, the linear regression model does not take 

significant computational resources and time, therefore it can be 

used in a floating time window to analyze the change in coefficients 

b0  and b1, which are an additional indicator of the type of pollution 

source and its location in combination with the measured wind 

direction and speed values. 

 

Fig. 6 presents the change in the measured concentration of 

eCO2 by day and hours from the mobile station for the period from 

28 December 2019 until 4 January 2020. As mentioned above, the 

combined analysis of PM2.5 and PM10 and eCO2 concentration data 

gives a clear picture of the source of pollution. 

 

Fig. 8 shows the distribution of the concentration values of total 

volatile organic compounds (TVOC) in ppb measured by the mobile 

station. Here, areas with higher TVOC concentration values 

coincide on the ground with those of eCO2, but are characterized by 

a longer duration due to the fact that pellets, wood and coal used for 

domestic heating in the settlement of the experiment have different 

moisture content, in need of a drying period in which VOC is 

released. Since wood has a higher moisture content than pellets, the 

width of these areas can be used as a characteristic to identify the 

type of heating fuel. 

 

To this end, further experiments should be carried out to 

standardize the width of these areas depending on the type of fuel 

used and the weather conditions 

 

The impact of wind speed and relative humidity is clearly 

evident in the comparison of PM2.5 data and wind speed (Fig.5 and 

Fig.9). For example, on 31 December 2019 an area with a higher 

PM concentration of up to 2.5μm was highlighted for the hours of 

14 to 22 hours. For the same day in the previous hours, the wind 

speed was low and the relative humidity was high, which is a 

prerequisite for accumulating pollutants in the ground layer of the 

atmosphere, despite intense sunshine. In other words, the influence 

of weather parameters is characterized by some delay in time. This 

requires that meteorological parameters be considered in 

combination when assessing their dependence. 

 

 
Fig. 8 Measured TVOC concentration [ppb] by day and hour 

 

 

 
Fig. 9 Measured wind speed and direction from the mobile station 

 

For comparison of the measured values of parameters - 

temperature, relative humidity and PM10 concentration, are 

presented in the same graphs, built according to data from the 

EEA's AIS "Kopitoto". Here it should be noted that the data from 

this monitoring station are recorded as average hourly values, 

therefore they are much lower in resolution than the sensor stations 

of the Luftdaten.info project, even more so than the mobile modular 

station, which makes it difficult to compare on the one hand, and 

makes it very difficult to identify the origin of the pollution. But 

there are still areas with characteristic sudden pollution, such as that 

on New Year's Eve on 31 December 2019 against 1 January 2020. 

Chronologically higher concentration values are reported in the AIS 

"Kopitoto" a few hours later due to the remote location of the 

station from the sources of pollution. 

 

 
Fig. 10 Measured air temperature, relative humidity and PM10 

concentration from AIS “Kopitoto” 

 

This article aims to present a possible engineering solution 

using appropriate arrangement and setup of low-cost modular 

mobile measuring stations in a sensor network for remote sources of 

pollution and origin of pollutants identification in real-time.  

 

 

5. CONCLUSIONS 

 

Due to its autonomous power supply, modular stations can be 

placed on the so-called area sources of air pollutants, thus serving as 

a direct emission measurement system. Also, the presence of 
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weather sensors makes it possible to determine and establish the 

conditions of occurrence of emissions depending on the 

peculiarities of the local microclimate.  

Experiments have been carried out to verify the applicability of 

the developed station and its possibilities for detecting and 

recording events in order to identify the origin of the pollution, with 

the result that:  

- when combining an PM level sensor with those for eCO2 and   

TVOC levels, their data may be subject to a statistical analysis 

which clearly shows moments of high levels of specific 

emissions, which is relevant for the output of variation 

coefficients, as well as for recording events and identifying 

the origin of pollution; 

- as a result of the comparison of station data with other sensor 

stations, the frequency of data collection is extremely 

important for the recording of short-term events 

characterizing charging emissions on the one hand and for 

characterizing the local microclimate on the other; 

- it has been established that the selected hardware components 

operate autonomously in a wide temperature range and 

adverse weather conditions, while the system retains its 

stability and performance. The autonomous operation of the 

system, which is directly dependent on the energy 

consumption of the building modules, is extremely important 

as this makes it applicable for the study of emissions and/or 

environmental parameters in hard-to-reach areas without 

available electricity supply; 

- network connectivity enables real-time transmission of data to 

a centralized system, which is essential for their subsequent 

processing and analysis;  

- the identification of the origin of fine particulate air pollution 

and the reporting or visualization of such information would 

undoubtedly be a very useful tool in managing ambient air 

quality, the timely implementation of specific measures to 

improve AAQ, and informing the public about the origin of 

pollution. 
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Abstract: The electron beam technological processes like electron beam welding, electron beam additive technologies, etc. depend strongly 

on the characteristics of the electron beam, generated by the electron gun. In this work the estimation of the 3D radial current density 

distribution using training, testing and validation of different artificial neural networks is considered. The model estimation is based on 

experimental measurements of the electron beam current distribution in three cross-sections of the beam at different distances from the 

magnetic lens of the electron gun. The estimated neural models with different structures are compared. Graphical user interface for the 

evaluation of the radial electron beam distribution in any cross-sections of the beam is developed. 

Keywords: ELECTRON BEAM CURRENT DISTRIBUTION, GRAPHICAL USER INTERFACE, NEURAL NETWORK MODELS. 

 

1. Introduction 

The electron beam technological processes like electron beam 

welding, electron beam additive technologies, etc. depend strongly 

on the characteristics of the electron beam, generated by the 

electron gun. The characterization of the electron beam is one of the 

necessary conditions for the transfer of technologies from one 

equipment to another, as well as for the comparison of the quality of 

different electron beam facilities (guns).   

The knowledge of the radial current distribution in different 

beam cross-section planes is the first step in the electron beam 

characterization [1 - 3]. It helps the determination of the crossover 

(focus) position. Better understanding for the electron beam/work-

piece interaction along the beam penetration depth and the ability 

for its prognostication are defined by the simultaneous evaluation of 

radial and angular distribution of the beam electrons. The electron 

beam emittance [4] is a suitable parameter for standardization of the 

electron optical technology systems, which can be calculated 

applying the estimated parameters of the radial and the angular 

distributions of the beam. The evaluation of this parameter is a key 

condition for achieving good quality, repeatability and reproducible 

performance of electron beam welds. The emittance strongly 

influences the ability of the electron beam to penetrate into the 

processed material and directly determines the maximal depth of the 

welded joints, obtained by electron beam welding. This parameter 

forms the basis for transferring a concrete technology from one 

machine to another which will minimize the volume of preliminary 

experimental tests to adjust the process parameters as well as will 

extend the capability of the expert systems to define the process 

parameter settings during welding (or other processing) of different 

materials.  

In this work the estimation of the 3D radial current density 

distribution using training, testing and validation of different 

artificial neural networks is considered. The model estimation is 

based on experimental measurements of the electron beam current 

distribution in three cross-sections of the beam at different distances 

from the magnetic lens of the electron gun. The estimated neural 

models with different structures are compared. Graphical user 

interface for the evaluation of the radial electron beam distribution 

in different cross-sections of the beam is developed. 

2. Experimental conditions 

The electron beam spot is analyzed in three cross sections by 

implementation of the beam current point by point measurement in 

100 points (10 × 10) in each cross-section. This number of points, if 

they are small enough, is sufficient to determine several peaks 

(three-dimensional formations in 3D current distribution diagrams 

(Fig. 1). The total measurement time of the selected number of 

tested points – 100 – is approximately equal to for 20 s and the total 

time to determine the value of current density at one point is 140 

ms. 

The procedure for measuring the current in a given position of 

the plates (x, y) is the following: 

a) measuring the current collected by the Faraday cylinder; this 

happens in about 15 ms. During this time, this current is measured  

10 - 30 times and its average value is calculated and stored in 

computer memory; 

b) the electron beam is defocused and deflected on a powerful 

energy collector; 

c) the analytical plate is moved to the next position. Eventually, 

the first protective plate is moved at the same time, if all 

measurements at a given position have been made; 

d) the electron beam is returned to the measuring position at the 

focus at which the beam is examined. The time to establish the 

normal focus of the beam (and distribution in the steady beam) is of 

the order of 15 ms. 

After that the measuring the current of the Faraday cylinder at 

the new position of the new point is repeated from point a). 

 

 

 

Fig. 1 Measured electron beam current distributions in three cross-

sections of the beam: z1 = 245 mm, z2 = 170 mm and z3 = 320 mm 

from the end of the focusing coils of the electron gun. 

 

The data on the current density distributions j(x, y) are obtained 

in three beam sections at distances: z1 = 245 mm, z2 = 170 mm and 

z3 = 320 mm from the end of the focus coils. The parameters of the 

electron beam are: beam power 2.4 kW, beam current 40 mA and 
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accelerating voltage 60 kV. At a distance of z3 = 320 mm is found 

the crossover of the electron beam. 

3. Neural Networks 

Neural networks (NN) are universal approximators with low 

sensitivity to errors, which determines the benefits of their use in 

different application areas [5, 6]. 

For developing an expert system for defining the electron beam 

current density distribution an input-output structure of the neural 

network-based model is used, i.e. the neural network consists of 3 

input neurons, hidden layer (with different number of neurons), and 

1 output neuron.  

The methodology, implemented for developing of neural 

network models, consists of the following general steps:  

 Selecting the type and structure of the NN model structure. 

 Training of the created NN by using the back-propagation 

method experimentally obtained (and/or numerically 

simulated) set of training data to a satisfactory accuracy [5, 7, 

8]. 

 Choosing the neural network model structure. 

 Recall of the trained neural network for prediction, 

investigation and parameter optimization. 

For comparison of the neural network models the mean squared 

error (MSE) (1), as well as the regression multiple correlation 

coefficient R (2) are calculated: 

 1                                     𝑀𝑆𝐸 =
  𝑦𝑖 − 𝑦𝑖 

2𝑛
𝑖=1

𝑛
, 

 2                                  𝑅 =  1 −
 (𝑦𝑖 − 𝑦 𝑖)

2𝑛
𝑖=1

 (𝑦𝑖 − 𝑦 )2𝑛
𝑖=1

, 

where 𝑦  and 𝑦 is the predicted and the experimental values, 𝑦  is 

the overall average of all mean values, and n is the number of data. 

For training, validation and testing of the neural networks, the 

experimental data are randomly separated into 3 parts: 70 % (506 

datasets) for training, 15 % (108 datasets) for validation and 15 % 

(108 datasets) for testing. 

3.1. Feedforward neural network 

Feedforward neural network consists of a series of layers. The 

first layer has a connection from the network input. Each 

subsequent layer has a connection from the previous layer. The final 

layer produces the network’s output. 

Feedforward networks can be used for any kind of inputs to 

output mapping. A feedforward network with one hidden layer and 

enough neurons in the hidden layers can fit any finite input-output 

mapping problem. Two-layer feed-forward network with sigmoid 

hidden neurons and linear output neurons is presented in Fig. 2. The 

network is trained with Levenberg-Marquardt backpropagation 

algorithm [6, 8]. 

 
Fig. 2 Feedforward neural network structure 

 

Matlab environment is used to implement the described 

approach for training NN with different structures of the hidden 

layer – with 3, 5, 10 and 15 hidden units and different random sets 

for training (506 datasets), for validation (108 datasets) and for 

testing (108 datasets). The best four Neural network models, based 

on the experimental observations are chosen. 

The obtained results for the accuracy of the training, validation 

and testing of these four NN models are presented in Table 1 – 

Table 3 correspondently. 

 
Table 1. Feedforward neural network training results 

 
NN with 3  

 hidden neurons 

NN with 5  

 hidden neurons 

NN with 10 

hidden neurons 

NN with 15 

hidden neurons 

MSE 0.007784 0.003978 0.001244 0.002359 

R 0.5245 0.683 0.8182 0.8595 

 
Table 2. Feedforward neural network validation results 

 
NN with 3  

 hidden neurons 

NN with 5  
 hidden neurons 

NN with 10 
hidden neurons 

NN with 15 
hidden neurons 

MSE 0.001902 0.0104 0.004465 0.004205 

R 0.6927 0.6449 0.7561 0.8708 

 
Table 3. Feedforward neural network testing results 

 
NN with 3  

 hidden neurons 

NN with 5  
 hidden neurons 

NN with 10 
hidden neurons 

NN with 15 
hidden neurons 

MSE 0.00611 0.00456 0.01616 0.002229 

R 0.6165 0.7704 0.8719 0.8198 

 

From the tables it can be seen, that from these four structures 

better results are obtained by using the neuron network models with 

a hidden layer, consisting from 15 hidden neurons, due to the 

smaller values of MSE and closer to 1 values of the coefficient R, 

obtained during training, validation and testing stages.  

The NN whit 15 hidden neurons training, validation and testing 

results from accuracy cross-validations for the electron beam 

current distribution estimation are presented in Fig. 3. 

 

 

  

a) training b) validation 

 

c) testing 

Fig. 3 Feedforward neural network whit 15 hidden neurons: a) training, 

b) validation and c) testing results for defining the electron beam current 
density distribution. 

4. Expert System 

Matlab environment is used to develop a Graphical user 

interface (GUI), shown in Fig. 4, which represents a part of an 

expert system for decision making for the management and control 

of the electron beam. 
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Fig. 4 Graphical user interface for 3D electron beam distribution 

estimation. 

 

In Fig. 4 it can be seen that the developed Graphical user 

interface for 3D electron beam radial current distribution estimation 

has a radio-button section “1” for the choice of the structure of the 

Neural network model with several options for the user: 

 Neural Network with 3 hidden neurons; 

 Neural Network with 5 hidden neurons; 

 Neural Network with 10 hidden neurons; 

 Neural Network with 15 hidden neurons. 

 

Once the desired structure of the neural model has been 

selected, a value must be entered in field “2”, within the limits 

indicated below the field (from 170 to 320 mm) for the distance of 

the beam cross-section from the end of the focusing coils of the 

electron gun. 

By pressing the "Calculate" button “3”, the necessary 

calculations are initialized with the selected neural network model 

“1” and the value entered in field “2”. 

Prior to the calculation for the estimation of the electron beam 

current distribution, the expert system checks whether the input 

parameter “2” is correct and whether it falls within the specified 

limits. If the check concludes that the entered value is incorrect, a 

message in the field “4” inviting the user to enter a valid value (Fig. 

5) is displayed. If the input value passes the check and it is in 

considered region, the calculation continues with the chosen neural 

network model and result is graphical presentation of the contour 

plot, shown in field “4”. 

There is a function in Fig. 4 presented by button “5” or “Clear”. 

Pressing this button, the program clears all data from fields “2” and 

“4” and the expert system is ready for the next calculation. 

 

 
Fig. 5 Error message for the incorrect input value. 

5. Conclusions 

In this work presents the results from the estimation of the 3D 

radial current density distribution using training, testing and 

validation of different artificial neural networks. The model 

estimation is based on experimental measurements of the electron 

beam current distribution in three cross-sections of the beam at 

different distances from the magnetic lens of the electron gun. The 

estimated neural models with different structures are compared. 

Matlab environment is used to develop a Graphical user interface 

(GUI) for 3D radial current density distribution calculation, which 

represents a part of an expert system for decision making for the 

management and control of the electron beam. 
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Abstract: The Smart Homes come rapidly into our everyday lives bringing comfort, security, help and many other benefits. The 

development of Information and Communication Technology and the advances in the applications based on Internet of Things emerged the 

appearing of more and more Smart Home solutions. The Smart Home System should implement default or custom integrated functions and 

intelligent self-adaptive methodology, based on the analysis of the habits, requirements and preferences of its inhabitants.  

In this paper the authors consider the development of Android and Wi-Fi based remote control Smart Home System, which integrates the 

analysis of the survey of the everyday habits of the people. An analysis of habits of 64 surveyed people was made. The results can be taken 

into account during the process of defining the default integrated functions at the stage of designing a Smart Home. The presence, absence 

or approaching certain location by the people are included as elements of the Smart Home System. 

Keywords: SMART HOME, REMOTE CONTROL, IOT, INDOOR OUTDOOR CONTROL, SELF-ADAPTIVE SYSTEM, 

DEFAULT INTEGRATED FUNCTIONS, ANDROID, WI-FI 

 

1. Introduction 

There are plenty proposed projects and applications for Smart 

Home (SH) automated systems’ design and development [1 - 4]. 

Although, they consider different functionalities, application of 

different elements, operations and networking, undoubtedly, they all 

are connected with the increase of the comfort and security, saving 

energy, efforts and troubles. One of the problems is that many SH 

devices work with different interface applications, use different 

communication protocols and standards [5, 6]. One of the big 

challenges is integrating different varieties of applications in one 

environment. Another challenge is the defining of pre-set default 

functions and to develop a learning technique for intelligent self-

adaptation of the functions of the SH [7], depending on the 

observation and analysis of the behavior of the people living in the 

SH [8]. 

The aim of the current SH automation project is to bring the 

necessary comfort and security in each home depending on the 

habits and lifestyle of its inhabitants. The proposed system includes 

waking up the home with the owners at a pre-set time or with the 

home inhabitants, turning on the lights with a pre-set brightness and 

color, starting the background music, turning on in advance the 

coffee machine or water heater, as well as the boiler and heating, 

opening the blinds or curtains at reaching a set level of outdoor 

illumination, turning on the TV on a pre-set channel. The developed 

remote-control SH system is based on default and custom integrated 

functions, taking into account the habits, desires and needs of its 

inhabitants. The system includes the presence, absence or 

approaching certain area as elements of the Smart Home System by 

GPS location signal of the mobile phone and data acquisition from 

other sensors. In this paper the authors consider the development of 

remote-control SH system, which integrates the analysis of the 

survey of 64 people of their everyday habits, needs and preferences. 

The results are taken into account during the process of defining the 

default integrated functions at the stage of the design development 

of the SH automated system. 

 

 

 

Fig. 1 Functional description of the Smart Home. 
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2. Smart Home System Design  

The functional and operational design (Fig. 1 and Fig. 2) of a 

Smart Home (SH) Automated System includes several stages: the 

choice of its elements (sensors, actuators, controllers, network 

connection elements, electric devices, software solutions and 

interfaces, etc.), defining its layout and structure, modelling the SH 

subsystems, developing the user interface, estimation of its cost, 

testing and validation of the SH system, optimization of the system, 

etc. 

 

Fig. 2 Operational description of the Smart Home. 

 

The chosen remote SH system elements are: Android and Wi-Fi 

connection, NodeMCU and Raspberry PI controllers, smoke-optical 

and thermo-differential sensors, humidity, temperature, pressure, 

light sensors, CO2 sensors, gas sensors, IP video cameras, motion 

sensors, sound sensors (from breaking a window or breaking a 

door) and/or for opening them - magnetic sensors, relays, GPS in a 

mobile device, automated locking system, RGB led lighting, 

standard lighting, stepper motors, rails with belt (for the curtains 

and tents), electric devices (air conditioner, TV, boiler, coffee 

machine, etc.), infrared receiver, infrared transmitter, etc. 

The user requirements for every SH are individual, but still the 

SH system functions can be classified as default and custom, 

depending on the everyday habits of the people, their needs and 

preferences, the architecture of the building, the apartment or the 

house, with its adjoining facilities and garden. 

Table 1: Study, concerning some aspects of security and comfort 

No. Question 

Q1 Do you get up at the same time during the work week? 

Q2 Do you go to bed at the same time during the work week? 

Q3 Do you use a boiler? 

Q4 Do you have coffee or tea in the morning before going out? 

Q5 Do you turn on the TV while preparing for work? 

Q6 Would you use your TV as an alarm clock? 

Q7 Do you park in a garage? 

Q8 
Would you use an automatic garage door opening when 

approaching it? 

Q9 What device would you prefer for opening/closing a garage door? 

Q10 
Would you monitor your home while you are outside, if you have 
video surveillance? 

Q11 In case of an accident in your home, what action would you prefer? 

Q12 
Would you like to receive a notification when your child arrives or 

leaves school / home? 

Q13 Would you use your mobile phone instead of a TV remote control? 

Q14 Would you like to turn on the lights when you enter your home? 

Q15 Do you play music from your mobile phone at home? 

Q16 Would you like the music to be synchronized in all rooms? 

Q17 Would you change the color of your background light? 

Q18 Do you get up at the same time on your weekends? 

 

3. Inquiry for Individual Habits 

For the development of remote-control SH system in order to 

investigate and summarize the individual everyday habits, needs 

and preferences of people, a study, concerning some aspects of 

security and comfort of living is performed. The results are directed 

toward the definition of default and custom functions of the SH 

system. Such research can be continued by adding more functions 

of the smart home or such questionnaire can be applied during the 

development of an individual project for SH system. The survey 

included 64 people. The questions are presented in Table 1. 

In order to evaluate the results of the inquiry scores are assigned 

to the answers as follows: No (0 points), yes (1 point) and neutral 

answer or irrelevant (0.5 points), answers in favor of the function 

implementation – rather yes (0.75 points), answers in favor of not 

applying the function – rather not (0.25 points). The obtained results 

are presented in Table 2. 

Table 2: Study, concerning some aspects of security and comfort 

Questions 
Points 

Sum 
Score, 

% 1 0.75 0.5 0.25 0 

Q1 14 22.5 0 2 0 38.5 60.15625 

Q2 3 18.75 0 4 0 25.75 40.23438 

Q3 34 0 0 0 0 34 53.125 

Q4 37 0 6 0 0 43 67.1875 

Q5 24 0 3.5 0 0 27.5 42.96875 

Q6 7 0 0 1.75 0 8.75 13.67188 

Q7 13 0 0 0 0 13 20.3125 

Q8 48 8.25 0 0.5 0 56.75 88.67188 

Q9 20 0 7.5 0 0 27.5 42.96875 

Q10 39 9.75 0 1.5 0 50.25 78.51563 

Q11 33 11.25 6 0 0 50.25 78.51563 

Q12 15 0 23.5 0 0 38.5 60.15625 

Q13 17 7.5 0 3.5 0 28 43.75 

Q14 40 3 0 0 0 43 67.1875 

Q15 41 0 9.5 0 0 50.5 78.90625 

Q16 30 0 0 0 0 30 46.875 

Q17 47 0 0 0 0 47 73.4375 

Q18 1 0 9 0 0 10 15.625 

 

 

 

Fig. 3 Inquiry scores in % for each question. 

 

The analysis of the habits of the people and their preferences 

can be summarized for determination of default functions for setting 

or intelligent self-adaptation. From Fig. 3 it is seen that the 

candidates for default actions or functions of the system can be 

connected with: 

- Planned actions, connected with the morning activities 

during the work days – turning on the boiler for a pre-set 

time before the people wake up, preparing or turning on the 

coffee or tea maker machine, set music playing in the 

morning; 

- Planned actions, concerning security – home monitoring 

with video surveillance, receiving information about 

accidents in your home, receive a notification when your 

child arrives or leaves school/home; 

- Planned actions, increasing the people comfort of life – 

automatic garage door opening when approaching it, turning 

on the lights when you enter your home, change the color of 

your background light. 
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The custom activities that should be set by logic or by user 

include the end of evening activities, the use of TV in the morning 

while preparing for work, or as an alarm, or the weekend waking 

up. Some activities are not recognized due to the lack of experience 

for their use – use of the mobile phone (tablet) instead of a TV 

remote control, music to be synchronized in all rooms, operating the 

garage door (or outdoor) without a device for opening. 

4. Remote control Smart Home system 

The developed remote-control SH system has several important 

features: 

 Planned actions: 

The planned actions are created individually for each of the 

controllers, and are planned in advance. For example, the lights, 

background music and TV are set to turn on at 8.00 in the morning 

due to the fact that home users then get up for work, and the TV via 

infrared transmitter switches to a pre-set channel, the blinds open (if 

outdoor light is enough) and half an hour earlier the boiler is 

switched on and 5 minutes earlier - the coffee machine. All this is 

realized through the mobile application shown in Fig. 4. 

 

 

Fig. 4 Implementation of planned actions function. 

 

 

Fig. 5 Definition of location by GPS. 

 

 

 Actions according the location of the user 

The developed mobile application gives the possibility for 

building actions according to the location of each of the devices 

(users) on which the mobile application is installed via the GPS 

system of the phone (Fig. 5). The logical algorithm can include the 

entry or exit of the phone from a given radius around a defined 

destination as a condition. This is done through the mobile 

application, which sets a radius of, for example, 20 meters around 

the house, and when entering this radius, the front door/garage door 

will open, and at entering it will close. This function can be 

implemented also for sending notifications for arrival or departure 

of the child at school/home, etc. 

 Communication and system connectivity 

The SH system allows the communication of all elements in the 

system with each other, as well as the remote programming of each 

of the controllers through the server and the mobile application. 

This remote access allows also the system to be reconfigured by an 

operator without having to visit the users. The SH system allows the 

management of the users and the delegation of rights for each of 

them.  

 Controlling users in the system 

Each of the users of the mobile application is visualized in the 

server. They create an individual profile associated with the SH via 

scanning a QR code. This allows to see what actions have been 

undertaken, at what time and by which user. Only an administrator 

can determine the functions to which the user will have an access.  

 Management of devices in the system 

The control of the devices in the system through the server 

allows their remote reprogramming and adjustment, all controllers 

in the system are visualized, their type, what libraries they use, 

whether they are connected wired or wireless, whether they are 

turned on or off and for how long they are used. This allows the 

calculation of the electricity consumption and the evaluation of the 

costs. Information is also collected from all sensors and stored for a 

predetermined period of time, which is unlimited and allows the 

making statistics and diagrams for different parameters. 

The functions and actions described above are realized on a 

working prototype, as well as all functionalities of the mobile 

application (Fig. 6). 

 

 

Fig. 6 Mobile application – example functions. 
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5. Conclusions  

The developed remote-control SH automation system allows the 

management of each of the home appliances, monitoring the 

parameters of the indoor environment such as temperature, 

humidity, lighting, CO2, the presence of smoke, fire or water, etc. 

All this is integrated in one Android mobile application. The mobile 

device also plays a role in the home automation, becoming its active 

element through its location (GPS function). All this is achieved 

with the use of NodeMCU and Raspberry PI controllers, as well as 

the construction of a web server that allows the management of all 

components in the system. 

The SH reduces electricity costs by using appliances only when 

needed, increases home comfort by controlling lighting and media 

devices, reduces cables by using an existing Wi-Fi network, and as 

it applies the overall technology advances, it shortens the distance 

between the user and the products. Security and care for the home 

are realized, even when the users are not in it, and the specific needs 

and habits of its occupants are taken into account through the 

planned actions and the default functions. It has never been easier 

for the home and the appliances to work properly for the benefit of 

their users. 
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Abstract: An experimental study of the geometrical characteristics of the cross sections of the thermally affected areas obtained by electron 

beam welding of carbon steel 45 is made. The thermally affected zone and the molten area of the welds from non-stainless steels corresponds 

to a zone where the physical-mechanical properties and the microstructure of the processed material are changed after the processing.  The 

process parameters that were changed during the experiments are: welding speeds were 0.5, 1.0 and 1.5 cm/sec, the beam current was 

changed in the range of 30 - 133 mA and the focus position was changed from 72 mm above the sample surface to 62 mm below the sample 

surface. The accelerating beam voltage was 50 kV. The geometry of the weld in the cases of a deep penetrating electron beam and narrow 

thermally affected zone is investigated. Electron beam welding process parameter optimization is performed, based on the estimation of 

regression models. In such way the electron beam optical systems can be tested and the specific quality requirements for the welds obtained 

by electron beam welding can be fulfilled. 

Keywords: ELECTRON BEAM, WELD, HEAT-AFFECTED ZONE, REGRESSION ANALYSIS, OPTIMIZATIONS, STEEL 45 

 

1. Introduction 

Industrial use of carbon (0.45 wt.%) Steel 45 is connected with 

the production of gear shafts, crankshafts and camshafts, gears, 

spindles, cylinders, cams and other parts that are normalized, 

improved and subjected to surface heat treatment, and which require 

increased strength (HB 10-1 = 170 ÷ 240 MPa). Steel 45 is difficult 

welding and special welding methods are applied, requiring heating 

and subsequent heat treatment. The chemical composition of Steel 

45 in wt.% is: C is in the region 0.42 ÷ 0.5; Si - 0.17 ÷ 0.37; Mn 0.5 

÷ 0.8; Ni – max. 0.25; S – max. 0.04; P max. 0.035; Cr - max. 0.25; 

Cu – max. 0.25; As – max. 0.08. 

The accelerated introduction of new powerful heat sources - 

electron beams and lasers, compared to conventional fusion welding 

technologies is due to their advantages. Current research and 

development in the field of electron beam welding (EBW) is mainly 

related to process automation and quality improvement. This 

complex process produces welds long before the development of 

the scientific explanation for deep penetrating intense electron 

beams in metals [1 - 3]. The [4 - 6] physical and thermal models can 

serve only as a basis for forecasting of the geometric parameters of 

the obtained seams and are not suitable for use in the automation 

and control of EBW installations. Good alternative for the control 

of the process is the implementation of statistical approach to data 

processing and modeling of stainless steel [7 - 10].  

In this work for the research of the EBW process Response 

Surface Methodology is implemented. An experimental study of the 

geometrical characteristics of the cross sections of the thermally 

affected areas obtained by electron beam welding of carbon steel 45 

is made. The thermally affected zone and the molten area of the 

welds from non-stainless steels corresponds to a zone where the 

physical-mechanical properties and the microstructure of the 

processed material are changed after the processing (Fig. 1).   

 

Fig. 1 Metallographic image of an experimental weld – the welded and the 

heat affected zones. 

 

The process parameters that were changed during the 

experiments are: welding speeds were 0.5, 1.0 and 1.5 cm/sec, the 

beam current was changed in the range of 30 - 133 mA and the 

focus position was changed from 72 mm above the sample surface 

to 62 mm below the sample surface. The accelerating beam voltage 

was 50 kV. The geometry of the weld in the cases of a deep 

penetrating electron beam and narrow thermally affected zone is 

investigated. Electron beam welding process parameter 

optimization is performed, based on the estimation of regression 

models. In such way the electron beam optical systems can be tested 

and the specific quality requirements for the welds obtained by 

electron beam welding can be fulfilled. 

2. Experimental conditions 

Electron beam welding of carbon (0.45 wt.%) Steel 45 is 

performed [8, 10] and the experimental conditions that are shown in 

Fig. 2. The weld samples are placed at 30° towards the horizontal 

plane and moved by a manipulator. The sample movement results in 

different distances between the magnetic lens of the electron beam 

gun and the sample surface (zs) and it is changed in the range 

between 228 mm to 362 mm. In same tame the distance between the 

focus of the beam (marked as the distance “b” on Fig. 2) and the 

main surface of the magnetic lens of the electron gun is constant 

and it’s 300 mm. 

The influence of the variation of the process parameters: beam 

current (z1), welding speeds (z2) and the distances between the 

magnetic lens of the electron beam gun and the sample surface (zs – 

z3) on the geometrical characteristics of the Heat Affected Zones 

(HAZ) of the obtained welds is investigated. 

 

Fig. 2 Experimental conditions: a) main surface of the magnetic lens of the 

electron gun; b) beam focus (or beam waist); c) surface of the sample; d) 

manipulator in the EBW vacuum chamber. 
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The accelerating voltage is 50 kV; the beam current varies at 

four levels: 30, 66, 100 and 133 mA; and the welding speeds are 

0.5, 1 and 1.5 cm/sec. The welded specimens are steel rods with 

rectangular sections (20 mm × 34 mm and 25 mm × 34 mm) and a 

length of 335 mm. 

The geometrical characteristics of the thermally affected areas 

of the experimentally obtained welds were studied: transverse cross-

section area SHAZ, depth HHAZ, surface width BTHAZ, average width 

BMHAZ, as well as the ratio of depth to surface width of the heat 

affected area HHAZ/BTHAZ. This ratio is important for setting the limit 

for the transition from the hemispherical toward deep and narrow 

welds (Fig. 3), which are typical for electron beam welding process. 

It can be accepted that for the heat affected zone this limit is 

HHAZ/BTHAZ = 1.2, which will correspond to a ratio of 1.5 or more 

for the welded zone. 

  

a) hemispherical b) deep and narrow  

Fig. 3 Different shapes of the weld cross-sections. 

 

The conducted experiment includes 58 process parameter sets 

and the corresponding geometry characteristics after EBW, 

measured after cutting the welded rods at an angle of 30. 

Regression models were estimated for the geometrical 

characteristics of the thermally affected areas of the electron beam 

welds. The natural values of the factors (zi) in the obtained 

regression models are coded in the region [-1 ÷ 1] and the relation 

between the coded (xi) and the natural values (zi) is given by: 

(1)  xi = (2zi – zi,max – zi,min)/(zi,max – zi,min), 

where zi,min and zi,max are the corresponding values of the minimum 

and the maximum of the process parameters during the experiment. 

3. Geometric characteristics of the thermally 

affected zones of the weld cross-sections 

HHAZ/BTHAZ is used to determine the limit value of the shape of 

the heat affected zone and can be used as a measure to roughly 

estimate the transition from a point to a linear heat source or from 

hemispherical toward deep and narrow welds (Fig. 3).  

In order to apply the regression analysis a regression model for 

HHAZ/BTHAZ ratio is estimated: 

HHAZ/BTHAZ = 2.2217645 + 0.71408576x1 + 0.50453547x2 - 

1.0886828x3
2 - 0.6469683x2x3

2 

The value of the multiple correlation coefficient is R = 0.8736, 

and it is enough high and close to 1, so the estimated model for the 

HHAZ/BTHAZ ratio can be considered as good enough for prediction 

and parameter optimization. 

For the limit value of the ratio of depth to width of the surface 

of the thermally affected zone HHAZ/BTHAZ the value 1.2 is accepted. 

The experimentally obtained results are divided into two, according 

to the limit value in order to increase the accuracy of the estimated 

models for the HAZ geometry.  

 

For the range in which the HHAZ/BTHAZ > 1.2, regression models 

for the geometric characteristics of the HAZ of the electron beam 

welds: SHAZ - the cross-sectional area, HHAZ - depth, BTHAZ – surface 

(top) width and BMHAZ - mean width at the middle part of the weld 

are estimated and are presented in Table 1, together with the values 

of the corresponding multiple correlation coefficients R. All 

coefficients are tested for significance and their values are measures 

of the accuracy of the estimated models. The closer to 1 the value of 

R is, the better the model describes the variations of the geometric 

characteristics of the thermally affected areas as a function of the 

process parameters. All models have enough high and significant 

values of their multiple correlation coefficients and consequently 

they can be used for prediction and optimization of the considered 

HAZ geometric characteristics. 
 

Table 1: Models for the geometric characteristics of the heat affected zones 
of the electron beam welds where HHAZ/BHAZ > 1.2. 

 

 Regression models R 

SHAZ 
35.103301 + 56.140867x1 - 12.464795x2 + 

42.111488x1
2 + 36.309514x1x2 - 39.204101x1x2

2 
0.8868 

HHAZ 

12.089812 + 11.083831x1 - 2.267595x2 + 

5.7456571x1
2 - 6.7284979x1x3

2 - 8.7193565x1x2
2 + 

8.2757012x1x2 
0.8822 

BTHAZ 
5.8525867 + 1.4094888x1 - 0.82996409x2 + 

1.4303279x1x2 + 3.118566x1x3
2
 

0.8062 

BMHAZ 
6.3864563 + 2.0095741x1 + 1.8677278x3 + 

3.1053106x1x3
2 - 1.6123818x2

2x3 
0.7541 

 

  

a) z2 = 0.5 cm/sec b) z2 = 1 cm/sec 

 

c) z2 = 1.5 cm/sec 

Fig. 4 Contour plots of the depth – HHAZ with blue lines and HHAZ/BTHAZ 

ratio – with black lines, depending on the variation of beam current (z1) 

and the distances between the magnetic lens of the electron beam gun 
and the sample surface (z3) for different values for the welding speeds – 

z2: a) welding speeds – z2 = 0.5 cm/sec; b) welding speeds – z2 = 1 

cm/sec and c) welding speeds – z2 = 1.5 cm/sec. 

 

In Fig. 4 - 6 contour plots for the geometric characteristics of 

the thermally affected zones of the electron beam welds where   

HHAZ/BHAZ > 1.2, depending on the variation of the beam current (z1) 

and the distances between the magnetic lens of the electron beam 

gun and the sample surface (z3) for different values for the welding 

speeds – z2 are presented. 

From the contour plots in Fig. 4, the depth of the HAZ of the 

electron beam welds – HHAZ is shown with blue lines. It can be seen 

that the maximum welding depth can be obtained when the beam 

current (z1) is at its maximum, the distances between the magnetic 

lens of the electron beam gun and the sample surface (z3) are 
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between 280 mm and 320 mm and the welding speed is z2 = 1 

cm/sec (Fig. 4b). 

In Fig. 5 and Fig. 6 on the contour plots the top surface width of 

the HAZ of the electron beam welds – BTHAZ is marked with green 

lines and the mean width – BMHAZ - with red lines. 

In order to obtain welds with small depts the distances between 

the magnetic lens of the electron beam gun and the sample surface 

(z3) should be between 280 mm and 320 mm, the beam current (z1) 

has to be less than 60 mA for all considered cases. 

  

a) z2 = 0.5 cm/sec b) z2 = 1 cm/sec 

 

c) z2 = 1.5 cm/sec 

Fig. 5 Contour plots of the surface width of the thermally affected areas 

of the electron beam welds – BTHAZ with green lines and HHAZ/BTHAZ ratio 
– with black lines, depending on the variation of beam current (z1) and 

the distances between the magnetic lens of the electron beam gun and the 

sample surface (z3) for different values for the welding speeds – z2: a) 
welding speeds – z2 = 0.5 cm/sec; b) welding speeds – z2 = 1 cm/sec and 

c) welding speeds – z2 = 1.5 cm/sec. 

  

a) z2 = 0.5 cm/sec b) z2 = 1 cm/sec 

 

c) z2 = 1.5 cm/sec 

Fig. 6 Contour plots of the mean width – BMHAZ in red line and HHAZ/BTHAZ 

ratio – with black lines, depending on the variation of beam current (z1) 
and the distances between the magnetic lens of the electron beam gun 

and the sample surface (z3) for different values for the welding speeds – 

z2: a) welding speeds – z2 = 0.5 cm/sec; b) welding speeds – z2 = 1 
cm/sec and c) welding speeds – z2 = 1.5 cm/sec. 

 

4. Optimization 

Multi-criteria optimization unifying the requirements for 

obtaining narrow and deep welded joints is performed. Methods 

based on graphical optimization and on Pareto-optimization are 

implemented for solving this task.  

Graphical optimization is a method for multi-criteria 

optimization, applicable in cases with formulated one- or two-sided 

constraints for the product quality characteristics. It is conducted in 

order to find the regions of the process parameters, working at 

which the requirements for the quality characteristics are fulfilled 

simultaneously. 

 

  

a) z2 = 0.5 cm/sec b) z2 = 1 cm/sec 

 

c) z2 = 1.5 cm/sec 

Fig. 7 Contour plots of the optimal regions of the process parameters: 
beam current (z1) and the distances between the magnetic lens of the 

electron beam gun and the sample surface (z3) for different welding 

speeds – z2: a) welding speeds – z2 = 0.5 cm/sec; b) welding speeds – z2 = 
1 cm/sec and c) welding speeds – z2 = 1.5 cm/sec, where the depth – HHAZ 

is with blue color, the surface width - BTHAZ – green, the mean width - 

BMHAZ – red and the HHAZ/BTHAZ ratio - black. 

The graphical multi-criteria optimization was used to find 

operating modes that meet the following technological requirements 

(constraints) for the HAZ of the welds:  

 12 mm ≤ HHAZ ≤ 24 mm; 

 5 mm ≤ BTHAZ ≤ 8 mm; 

 5 mm ≤ BMHAZ ≤ 9 mm. 

 

In Fig. 7 the optimal regions (yellow) of the process parameters 

values of the electron beam current (z1) and the distances between 

the magnetic lens of the electron beam gun and the sample surface 

(z3) for different welding speeds – z2 are presented. From the figure 

it can be seen that the largest optimal region is obtained when the 

welding speed is at its largest value z2 = 1.5 cm/sec (Fig. 7c). 

 

Pareto-optimization is applied to find such compromise 

solutions that simultaneously meet the following requirements: 

 HHAZ → maximum; 

 SHAZ → minimum; 

 BTHAZ → minimum; 

 BMHAZ → minimum. 

 

Some of the estimated Pareto-optimal solutions are presented in 

Table 2. If these compromise solutions are compared two by two, 

one can note that some of the obtained optimal values are better but 

at least one value is worse than that in another compromise solution. 
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Table 2. Pareto-optimization – optimal process parameters and 
geometric characteristics of the thermally affected areas of the electron 

beam welds where HHAZ/BHAZ > 1.2. 
№ z1 

mA 
z2 

cm/sec 
z3 

mm 

SHAZ 

mm2 
HHAZ 

mm 
BTHAZ 

mm 
BMHAZ 

mm 

1 

42.2467 1.3457 348.8814 
3.3090 7.544

7 
1.9131 4.2059 

2 

32.5647 1.04965 362 

15.482

1 

12.21

42 

1.3327 3.3782 

3 

40.4442 0.5847 362 
73.072

5 
24.42
89 

3.8794 3.0641 

4 

30 0.5873 228.0603 

88.039

5 

28.110

3 

3.1958 0.5086 

5 

43.1222 1.33625 337.9805 
3.2862 6.350

6 
2.5710 4.6671 

6 

30.06695 0.77475 231.3165 

50.941

8 

19.33

63 

2.6482 0.1129 

7 

36.8495 0.88905 228 
29.506

7 
15.09
97 

2.3862 0.1637 

8 

40.3721 0.52695 230.2244 

84.377

6 

26.55

66 

4.2649 2.0532 

9 

36.40145 0.6078 362 
74.073

5 
24.84
26 

3.5211 2.7832 

10 

38.7241 0.7082 228 

53.490

8 

20.23

76 

3.2695 0.8197 

 

The choice between them is usually made by adding additional 

criteria or by an expert opinion, depending of the formulated 

technological requirements. 

 

5. Conclusions 

In this work the results from the investigation, modelling and 

multicriteria optimization of the geometry of the heat affected zone 

(HAZ) of the deep weld with depth to width ratio HHAZ/BTHAZ > 1.2 

is presented. Regression models for the dependence of geometrical 

characteristics of the HAZ of the welds: SHAZ - the cross-sectional 

area, HHAZ - depth, BTHAZ - surface width and BMHAZ - mean width on 

the EBW process parameters: beam current (z1), welding speeds (z2) 

and the distances between the magnetic lens of the electron beam 

gun and the sample surface (z3) are estimated. Optimal results 

(regions and Pareto-optimal regimes) for the process parameters are 

obtained at setting specific requirements for the geometry of the 

welded samples.  
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Abstract: The rheological non-destructive oscillation testing is conducted in order to predict and quantify the samples’ properties of the 

commercial brand lipstick. The influence of the variation of the process parameters temperature, phase angle and strain are investigated. 

Regression models for the dependencies of the rheological and thermal properties (elastic modulus and shear stress) from the described 

process parameters are estimated, based on 681 experimental data in the temperature region from 26.9 °C to 74.7 °C. 

Keywords: LIPSTICK, OSCILLCTORY SHEAR RHEOLOGY, ELASTIC MODULUS, SHEAR STRESS, 

REGRESSION MODELS  
 

1. Introduction 

The aspiration to look physically attractive is a universal desire. 

All kinds of cosmetics including lipstick, although originally 

developed by the ancient Egyptians as ointments and ritual oils for 

the dead, eventually end up being used to soothe, adorn, accentuate 

and treat the skin of the modern, living humans. In recent time 

statistics show that these products are used by over 90 % of the 

female population. The face is the part of the human body that 

receives the most attention compared to the rest of it. Lipsticks play 

a significant role as a part of the cosmetic products created for facial 

use, regardless of gender and/or age. The common understanding 

that lipsticks or lip balms are created only for the female population 

is false [1 - 4].  

All the lipsticks appearing on the market must meet specific 

standards, connected with their physical-mechanical properties. 

Some of them are: stability against temperature fluctuations (55 °C - 

75 °C) and humidity; long shelf life; dermatological safety; pleasant 

taste and smell; softening at physiological lip temperature around 

32 °C; good durability and no defects such as air bubbles; no cracks 

or sweating, should be free of physical changes, etc. [3, 4]. 

The viscosity of the lipstick should be high enough to keep its 

structure in the matrix. In addition, it should gradually decrease as 

the mechanical stress increases during physiological application [3, 

4]. From a tribological point of view, lipsticks require varying 

degrees of friction to glide effortlessly on the skin [3, 5]. 

In this paper the rheological non-destructive oscillation testing 

was conducted in order to predict and quantify the properties 

(threshold flow stress, elastic modulus) of the lipstick samples. 

Regression models, describing the dependencies of the lipsticks 

characteristics: y1 - elastic modulus [Pa] and y2 - shear stress [Pa] on 

the variation of the process parameters: temperature, phase angle 

and strain are estimated, based on 681 experimental data in the 

temperature region from 26.9 °C to 74.7 °C. 

 

2. Response surface methodology 

Response surface methodology (RSM) is a group of 

mathematical and statistical procedures used in fitting an empirical 

model to the experimental data obtained in relation to an 

experimental design [6]. Regression models (polynomial models of 

some order), giving an adequate functional relationship between a 

response of interest y (performance characteristic) and a number of 

associated control (or input) variables (process parameters) x1, x2, 

… xm, are estimated: 

 1                                     𝑦 (𝑥 ) =  𝜃 𝑖𝑓𝑖 𝑥  

𝑘

𝑖=1

 

where  𝑖  are the estimates of the coefficients in the regression 

model. 

The natural values of the factors (zi) in the regression models 

are coded in the region [-1  1] and the relation between the coded 

(xi) and the natural values (zi) is given by: 

(2)  xi = (2zi – zi,max – zi,min)/( zi,max – zi,min), 

where zi,min and zi,max are the corresponding values of the minimum 

and the maximum of the process parameters during the experiment. 

 

3. Experimental conditions 

The rheological method - oscillatory shear rheology to 

characterize the rheological behavior of the studied brand of lipstick 

was applied. 

There are three different types of stresses (tension, pressure and 

shear) that can occur when a material is exposed to a load. If the 

material is stretched or compressed in one dimension, this leads to 

tension or pressure, respectively. However, if opposite forces are 

applied to opposite surfaces of the material, shear stresses are 

obtained. The modules that result from these stresses can provide 

information about the properties of the material.  

Shear stresses can be obtained using rheological techniques 

which provide information on the elastic behavior of a material. 

Shear stress can be calculated when dividing the force required to 

cause deformation by the cross-sectional area of the material. The 

strain is the distance moved divided by the original length of the 

material.  

For elastic solids, the energy generated (modulus of elasticity) 

during deformation of the material is stored, as a result of which the 

material returns to its original shape (is recovered) after removing 

the force causing deformation (Hooke's law) - an important feature 

for lipsticks. 

The modulus of elasticity is a measure of the strain energy 

stored in the sample during shear, thus showing the elastic (solid-

like) behavior. 

An experiment was performed with samples of commercial 

brand lipstick to test its rheological and thermal properties like 

threshold flow stress, elastic modulus, etc. Minimum quantity (7 - 

10 mg) of the lipstick is scratched on the surface of a closed 

aluminum capsule (diameter: 6 mm). The sample was heated at a 

constant rate of 5 °C for 1 min. The experiments were conducted 

during the cooling of the lipstick at an initial starting temperature 

74.7 °C and the measurements were stopped when reaching 26.9 

°C. As a result of the experiment 681 measurements were done. 
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The rheological behavior of the studied brand of lipstick 

characterized by the following performance parameters: y1 [Pa] - 

elastic modulus and y2 [Pa] - shear stress. The variation regions      

[zmin - zmax] of the process parameters were: for temperature (z1) – 

[26.9 – 74.7 °C]; the phase angle (z2) – [0.0024 – 90 deg] and the 

strain (z3) – [1.37×10-5 – 1.483×10-2]. The angular frequency for 

these experiments was constant and is 0.2 Hz. 

4. Regression models estimation 

The dependencies of the lipstick characteristics: y1 – elastic 

modulus [Pa] and y2 – shear stress [Pa] on the variation of the 

process parameters: z1 – temperature [°C], z2 – phase angle [deg] 

and z3 – strain are estimated. 

They are presented for coded in the region [-1 ÷ 1] values of 

the process parameters in Table 1, together with the square of the 

multiple correlation coefficient R2 and the square of the adjusted 

multiple correlation coefficient R2
adj. The values of both 

coefficients are high (close to 1 or 100 %) and consequently the 

estimated models for the elastic modulus 𝑦 1(𝑥 ) and shear stress 

𝑦 2(𝑥 ) can be considered as good enough for prediction and 

investigation. 

Table 1: Regression models for the lipstick characteristics 

 Regression models 
R2  

[%] 

R2
adj  

[%] 

𝑦 
1
(𝑥  ) 

106094 - 168532x1 + 37062x2 + 22270x1
2 + 

156319x2
2 - 119409x3

2 + 125116x2x3 
85.73 85.26 

𝑦 
2
(𝑥  ) 

795.8 - 992x1 + 243.6x2 + 266.8x3 + 479.1x1
2 

+ 368x2
2 – 704.7x3

2 – 1283.1x1x3 + 275.5x2x3 
82.72 82.52 

 

In Fig. 1 contour plots of the elastic modulus – y1, depending on 

the variation of temperature (z1) and the phase angle (z2) for 

different values for strain – z3 are presented.  

On Fig. 1a it can be seen that when the temperature (z1) is 

around 32 °C, which is the normal temperature for the human lips 

and phase angle (z2) is minimum, the elastic modulus 𝑦 1(𝑥 ) has 

high values. Fig 1b shows that in order to obtain a maximum of 

𝑦 1(𝑥 ), z2 must have very large or small values within the 

experimental region, and in Fig. 1c it can be seen that maximum of 

the investigated lipstick characteristic is reached when the phase 

angle z2 has smallest values (0.0024 deg). 

Contour plots of the shear stress – 𝑦 2(𝑥 ) of the investigated 

commercial brand lipstick, depending on the variation of 

temperature (z1) and the phase angle (z2) for different values for 

strain – z3 are shown in Fig. 2. In the first case (Fig. 2a) it can be 

seen that around the normal human lip’s temperature (32 °C) 𝑦 2(𝑥 ) 

and phase angle is between 30 and 60 deg. the shear stress is less 

than 5 Pa. On other two contour plots graphics (Fig 2b and Fig 2c) 

𝑦 2(𝑥 ) has a maximal value, if the z2 is maximum too. 

 

a) z3 = 1.37×10-5 

 
b) z3 = 7.42185×10-3 

 
c) z3 = 1.37×10-5 

Fig. 1 Contour plots of the elastic modulus – 𝑦 1(𝑥 ), depending on the 
variation of Temperature (z1) and the Phase angle (z2) for different values 

for strain – z3: a) strain – z3 = 1.37×10-5; b) strain – z3 = 7.42185×10-3 and 
c) strain – z3 =1.483×10-2. 

 
a) z3 = 1.37×10-5 

INDUSTRY 4.0 2020, WINTER SESSION

115

 



 
b) z3 = 7.42185×10-3 

 
c) z3 = 1.483×10-2 

 
Fig. 2 Contour plots of the shear stress – y2, depending on the variation of 
Temperature (z1) and the Phase angle (z2) for different values for strain – z3: 

a) strain – z3 = 1.37×10-5; b) strain – z3 = 7.42185×10-3 and c) strain – z3 = 

1.483×10-2. 

 

5. Conclusions 

Investigation of the commercial brand lipstick using oscillatory 

shear rheology in order to tested its rheological and thermal 

properties is performed. 

Regression models for the elastic modulus and the shear stress 

of the investigated product depending on the variations of the 

process parameters were estimated.  

The obtained regression models can be used for future 

investigation and optimization of the rheological and thermal 

properties of the investigated commercial brad lipstick.  
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Abstract: The ANSI/ISA-95 (ISO 62264) standard is a key concept driving the implementation of Industry 4.0 in industry. It is a backbone 

of the Reference Architectural Model for Industry 4.0 (RAMI 4.0) and describes the objects, models and activities on operations 

management hierarchy level (Level 3). A major model described in the standard is the Planning model, in which is described that the 

planning activities rely on requirements of personnel, equipment and/or material. Also, a general concept in all models, described in the 

standard is the process segment that may refer as a combination of specific equipment/asset (with enough capability), a material (with 

specific quality) and/or a person (with proper qualification). In this article the Segment Dependencies impact on Capacity and Planning 

models is examined and some conclusions are made. 

Keywords: FINITE CAPACITY SCHEDULING, MANUFACTURING OPERATIONS MANAGEMENT, PRODUCTION CAPABILITY, 

SEGMENT DEPENDENCIES 

1. Introduction 

In operations management, Finite Capacity Scheduling is a 
major activity which affects directly into the company’s turnover 
and customer satisfaction. There is a common believe that part of the 
functions of the Finite Capacity Scheduling include Forecasting 
techniques, but both should not be confused with each other. 
Forecasting Scheduling is more a prediction of what might happen, 
based on trends and historical information, seasonality and economic 
factors. Finite Capacity Scheduling is a part of internal resource 
management and depends on the production facilities workload. 
Moreover, it is tightly related to Lean Manufacturing techniques and 
instruments, such as Kanban, Heijunka, Continuous Flow, SMED 
and Bottleneck analysis [1, 2, 3, 4, 5, 6].  

The standard ANSI/ISA-95 (also known as IEC ISO EN 62264) 
gives the definitions of the models, terminology, and activities in the 
area of Operations Management and as such, along with the standard 
IEC 62890, it became a foundation of RAMI 4.0 (Reference 
Architecture Model for Industry 4.0) [7, 8, 13]. 

2. Finite Capacity Scheduling 

In the third part of the standard, Finite Capacity Scheduling is 

referred as combination Detailed Production Schedule and 

Production Capability. The definitions for Detailed Production 

Schedule are as follows:  

“a collection of production work orders and their sequencing 

involved in the production of one or more products, at the level of 

detail required for manufacturing” and also “…ties physical and/or 

chemical work order elements to specific production equipment or 

classes of production equipment, with specific starting times or 

starting events. A detailed production schedule may reference 

specific personnel, or classes of personnel” [9,11]. 

 Production Capability is a part of the Resource Management 

and in the first part of the standard is defined as: 

“Production Capability is the committed, available, and 

unattainable capacity of the production facility. This typically 

includes Materials, Equipment, Labor and Energy.” 

The Production Capability information includes the current 

capacity, future expected capacity, and a history of capacity of the 

resource.”  

As a generalization of the previous, the definition for Finite 

Capacity Scheduling that is given in this article is:  

Transformation of the Production Schedule regarding the 

capability of Personnel, Equipment and/or Materials to participate 

in the operations in a desirable time manner. 

 

Fig.1 ANSI/ISA-95 Capability Model [9] 

3. ANSI/ISA-95 Segment Dependencies 

Segment Dependencies is a powerful scheduling tool for 

definition of possible relationships between Segments. There are 

two types of segment dependencies Process Segment Dependency 

and Operation Dependency which for Production area is called 

Product Segment Dependency. The dependencies themselves have 

the same presentation for either of the two types.   

Process Segment Dependencies defines the relationships 

between Process Segments independent of any particular product or 

operations task.  

Process Segment is logical grouping of classes of personnel, 

classes of equipment and material resources with specific 

capabilities regardless of any particular product and operations. It 

may also be referred as Work Place, grouping personnel, equipment 

and materials with given specifications. The Process Segment also 

answers the question: Where the operation is performed. (fig.2) 

The Segment Dependencies that are product specific are 

Product Segment Dependencies (fig.3) 

A Product Segment is a product specific logical grouping of 

Personnel, Equipment, Asset and Material Specifications required 

of a Process Segment to complete an operational step for a specific 

product. It may also be referred as Production Step in the context of 

a product. It answers the question: What kind of operation is 

performed. The set of Product Segments represent the Product 

Production Rule (also known as Routing), which is a reference of a 

Product Definition.[10] 
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4. Dependency Types And Scheduling Impact 

The relationships between Process Segments impact both in 

Infinitive Planning, where there are no restrictions in terms of 

Availability of Resources and Segment Capability as a whole, and 

Finite Capacity Scheduling. Dependencies are meaningful relations 

between Process Segments, involved in the production of a product 

(Product Production Rule of a Product Definition). The standard 

ANSI/ISA-95.03-2013 defines the following Segment 

Dependencies in two groups: 

 

Fig. 2 Process Segment Model 

 

Fig. 3 Product Definition Model 

 B may run in parallel to A 

 Start B at A start 

 Start B after A start 

 Start B no later than T time after A start 

 Start B no earlier than T time after A start 

and: 

 B may not run in parallel to A 

 Start B at A end 

 Start B after A end 

 Start B no later then T time after A end 

 Start B no earlier than T time after A end [8] 

The dependencies “B may run in parallel to A” and “B may not 

run in parallel to A” may be seen as a summary of the following 

from the same category. Although, they are given in the list of 

dependency types in the standard, the two have ambiguous meaning 

in the context of a Product Production Rule. Nevertheless, their 

possible designation will be further examined. 

Presumably, if there are more than one Process Segment for a 

production step and there is a dependency of type “B may run in 

parallel to A” between them, it is meaningful if the given work is 

allocated between A and B segments. Such example may be given 

in machine building, if there is operation milling or turning, and 

there are multiple cutters or lathes. In this case the job may be 

evenly distributed between all available machines for quicker 

execution. (fig.4). In Infinitive Planning, where durations are 

calculated for the production operation, for N machines similar to 

[12], it would be: 

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 =  
𝑇𝑇∗𝐸𝑄

𝑁
,           (1) 

Where:  

 TT – Takt Time – time for production of one piece 

 EQ – Expected Quantity that has to be produced 

 N – Number of interchangeable available Process 

Segments. 

 

Fig.4 “B may run in parallel to A” dependency 

On the other hand, dependency of type “B may not run in 

parallel to A” is only meaningful no matter for which product the 

Process Segments A and B are working for. It is unconditional 

relation i.e. of melting operation of two foundry furnaces using 

same caster (fig.5). The difference between this dependency and 

“Start B at A end” may be explained only if this dependency is used 

for operations for different products, and the rest dependencies are 

used in the context of sequential or parallel operations for only one 

product. 

 

Fig.5 “B may not run in parallel to A” dependency 

Both two dependencies may have not been correctly examined, 

but the necessity of such is given by examples that do not relate to 

any other dependency type. 

“Start B at A start” – this type of unconditional dependency is 

used i.e. in a discrete manufacturing production line, where all 

Process Segments run altogether.  

In Infinitive Planning, the Work Orders for these Process 

Segments have to have same expected start and end times. 

In Finite Capacity Scheduling, there should be enough available 

Capacity for all Process Segments in order to be attained.  

All Work Orders on Process Segments with such dependency 

have to be executed simultaneously.  
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“Start B after A start” – is a conditional dependency for 

sequential Process Segments. The Work Order on B segment may 

start as soon as A segment is started. Such example may be given if 

there is a machine after which, every sublot must be packed.  

In Infinitive Planning have to be planned sequentially (fig.6), 

and in Finite Capacity Scheduling start of Work Order on B 

Segment may be scheduled whenever possible after A expected 

start (fig.7). 

 

Fig.6 “Start B after A start” Infinitive Planning [11] 

 

Fig.7 “Start B after A start” Finite Capacity Scheduling 

“Start B no later than T time after A start” – example of 

such dependency between segments may be given with cascade of 

conveyor belt in which B conveyor belt have to start no later than 

the transport time of conveyor belt A. 

Infinitive Planning of Work Orders with such Process Segments 

is made parallel. In Finite Capacity Scheduling the following rule is 

observed: 

𝐸𝑆𝐷(𝐵) < 𝑇 −  𝐸𝑆𝐷(𝐴),            (2) 

where: 

ESD(B) and ESD(A) are Expected Start Dates of Work Orders for 

B and A Process Segments (fig.8). 

 

Fig.8 “Start B no later than T time after A start” dependency 

“Start B no earlier than T time after A start” - this 

dependency is typical where there are auxiliary processes like 

mixing (A) and heating (B), which cannot outrun certain progress 

of the first process [14]. 

In Infinitive Planning the Work Orders allocated on Process 

Segments with such dependency should be planned as parallel with 

time delay T between them. In Finite Capacity Scheduling the 

available capacity search have to be made with the following 

constraint in mind: 

𝐸𝑆𝐷(𝐵)  ≥ 𝑇 −  𝐸𝑆𝐷(𝐴) 𝑤ℎ𝑒𝑟𝑒 𝑇 > 0,         (3) 

ESD(B) and ESD(A) are Expected Start Dates of Work Orders for 

B and A Process Segments, T is Time Delay (fig.9). 

 

Fig.9 “Start B no earlier than T time after A start” dependency [11] 

The other group of dependencies is related to processes for 

which the transformation of produced material ends with the end of 

the process. In this case the B process cannot start before the end of 

the process A. 

“Start B at A end” – this is unconditional (automatic) 

sequence of operations, typical for batch processes in which, the 

end of one operation is a beginning of another. 

In Infinitive Planning, the Work Orders are planned in 

sequential order. In Finite Capacity Scheduling, there should be 

enough sequential capacity for both Process Segments in order to be 

reserved (committed). The following rule has to be observed 

(fig.10): 

𝐴𝐶(𝐴)  ∪  𝐴𝐶(𝐵) >=  𝐸𝐸𝐷(𝐵) –  𝐸𝑆𝐷(𝐴)         (4) 

Where 𝐸𝐸𝐷(𝐵) is Expected End Date for Work Order on 

Process Segment B. 

 

Fig.10 “Start B at A end” dependency 

“Start B after A end” – is a conditional sequence of operations 

dependency. It summarizes strictly defined waterflow processes in 

which, B process may start whenever possible after completion of 

A (fig.11). The observation rule to be followed here is: 

𝐸𝑆𝐷(𝐵) > 𝐸𝐸𝐷(𝐴)           (5) 

Where 𝐸𝐸𝐷(𝐴)  is Expected End Date for Work Order on 

Process Segment A. 

 
(a) 

 

(b) 

Fig.11 “Start B after A end” (a) Infinitive Planning and (b) Finite 

Capacity Scheduling dependency 
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“Start B no later than T time after A end” - typical 

dependency i.e. for processes where overcooling / overheating, 

crystallization is not permitted. In Infinitive Planning phase, such 

Process Segments’ Work Orders have to be planned sequentially. 

In Finite Capacity Scheduling are being planned sequentially 

(fig.12) with the following restriction in mind: 

𝐸𝑆𝐷 𝐵 < 𝑇 + 𝐸𝐸𝐷(𝐴), 𝑤ℎ𝑒𝑟𝑒 𝑇 > 0,         (6) 

 

Fig.12 “Start B no later than T time after A end” dependency 

“Start B no earlier than T time after A end” – this 

dependency is related to i.e. relaxation, fermentation or ripening 

(food and beverage) processes. 

In Infinitive Planning such processes have to be planned with 

time delay T between them. 

In Finite Capacity Scheduling, the following rule must be taken 

in consideration (fig.13): 

𝐸𝑆𝐷(𝐵) ≥ 𝑇 + 𝐸𝐸𝐷 𝐴 , 𝑤ℎ𝑒𝑟𝑒 𝑇 > 0,         (7) 

 

Fig.13 “Start B no earlier than T time after A end” dependency 

5. Conclusions 

Segment Dependencies are a powerful tool that has an 

important role both in Infinitive Planning and in Finite Capacity 

Scheduling processes as described. Proper Segment Dependency 

application results are tightening schedules, optimal workload of 

Process Segments, minimization of WIP (Work In Progress) and 

delays.  

This article aims to present some definitions as well as to 

clarify the meaning, give suitable examples and to specify all of the 

Process Segment Dependencies given in the ANSI/ISA-95 (IEC 

62264). The assumption made for the two Process Segment 

Dependencies “B may run in parallel to A” and “B may not run in 

parallel to A” may be concluded as “right” or “wrong” only if there 

is necessity for realization of relation of such kind. If so, a possible 

solution and explanation of the relations are given. 
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Abstract: A training discipline "Basics if the Artificial Intelligence", taught in UCTM, Sofia is presented. The discipline is developed 

according to the requirements of ACM as well the methodises presented by Russel and Norvig in their seminal book “Artificial Intelligence: 

A modern approach, 3 ed.”. As a tool for illustration of the AI algorithms to be studied, each student is equipped with a typical cyber-

physical system – individual training stand, which includes a simplified robot (addressed here as passive agent) constructed of sensors and 

actuators only) controlled by an AI algorithm, subject to development by the students and housed on a PC. An outline of the lections is 

included. 
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1. Introduction 

There is an old saying - the engineers don't have to know 

everything; all they need is to know where to find the knowledge. 

Apparently there exist many levels between "to know everything 

and "not knowing but aware where to find the necessary 

information". The level of knowing and finding, combined with the 

skills of using the information, determines the life journey of the 

graduates – as scientists, technologists, or managers. One might say 

that the skilling of the delicate balance between memorizing of 

facts, methods, the ability to use the available information and to 

find the necessary information make the difference between the 

good and the bad engineer.  

The task to build these abilities is assigned to the technical and 

technological universities. It is our opinion that an important step in 

the process of development of the mentioned set of skills is the 

creation of an intuitive sense to the logic, principles, philosophy 

laying in the foundation of the engineering courses of study. 

The courses in University of Chemical Technology and 

Metallurgy (UCTM) are categorized to systems engineering, 

chemical technologies and metallurgy. Within the scope of the 

system engineering course, the students study the course 

"Automation and Information Technologies" (AIT). This year a new 

course was introduced - namely "Engineering informatics" (EI). In 

this paper we will discuss the discipline "Basics of the Artificial 

intelligence" (BAI), which is included in these courses.  

A course of Artificial Intelligence naturally fits into the Systems 

engineering curriculum. At the same time, the valid mathematical 

training, received by all students, makes it possible, this course to 

be delivered to the other studying specialties. 

As a starting point in the development of the BAI training 

program, as included in the AIT and EI disciplines, we have 

employed the Curriculum Guidelines for Intelligent Systems 

provided by the Association of Computing machinery (ACM) and 

IEEE Computer Society [1], [2].  

The guidelines for the content of the program for training on AI, 

are included the section Intelligent systems, of the 2013 issue of the 

ACM Curriculum Guidelines for Undergraduate Degree Programs 

in Computer Science, [1].  

According to ACM, the AI should provide the human with 

decisions related with: 

 sensing (e.g., speech recognition, natural language 

understanding, computer vision),  

 problem-solving (e.g., search, planning),  

 and acting (e.g., robotics);  

 and the architectures needed to support them (e.g., agents, 

multi-agents). 

Also as a basis of the course, we have used the seminal book of 

Russel and Norvig Artificial Intelligence: A modern approach 

(AIMA) [3] – accepted as a standard in presenting the AI principles 

and used as a fundament for more than 1400 AI courses all over the 

worlds. 

The AI training should provide the engineer with the ability to 

understand whether particular AI approach is appropriate for the 

solving of particular problem, to be able to apply it and evaluate the 

results. 

Considering that AI is an important part of the cyber-physical 

systems, we aimed to assure, the students to become familiar with 

the necessary theoretical and practical background. In this way they 

will be able to apply and develop the necessary ideas and 

conceptions. Apparently, the AI training should be based on the 

already established foundations trough the others fundamental and 

specialized studying disciplines, already taught in UCTM.  

In a nutshell – the training program should be structured in such 

a way, so the students be able to understand all important aspects of 

the AI. At the same time, they have to use the mathematical basis 

already received. All of this should be synchronized with the rest of 

the disciplines taught in the University.  

There was one more goal, which we aimed. We tried to 

minimize the expenses, without affecting the reaching the general 

goals. We have used in great extend the wealth of free and open 

source tools available. This include the program language, 

development environments, operating systems.  

The rest of this paper is organized as following. The Training 

program section is split on three subsections – Theory, Practice and 

Examination, In the Theory, one briefly presents the content of the 

theoretical part of the BAI course. The subjects covered in the 

training material are presented. Short information about the content 

of the theoretical lections is provided in a separate section called 

Lections. Then in the subsection Practice, we describe the way we 

organized the process of gaining of AI related practical skills. The 

working places provided to the students are presented. The 

examination options are mentioned in subsection Examination. 

2. The training program: Theory 

This part of the program includes a set of subjects, aimed to be 

taught in auditoriums. The goal is the students to be provided with 

some theoretical knowledge about the subject. 

The theoretical part of the BAI course includes the following 

basic subjects: 

 Base concepts – intelligent behavior, problem solving the 

concept of agent 

 Search strategies – problem formulation, heuristic, informed 

and uninformed search. Knowledge collection. 

 Knowledge representation. Methods for collecting and storing 

of knowledge. 

 Machine learning – which is defined [3] as methods to adapt to 

new circumstances and to detect and extrapolate patterns. 

 Knowledge processing. 

During the of the structuring of the BAI course, we followed 

from one side – the agent-oriented approach, adopted by AIMA. 

And from another the necessity this approach to be supported by the 

appropriate mathematical tools. We tried to assure that the students 

will receive a balanced volume of knowledge in the following three 

areas: 
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 Rational agents, 

 Search (including classification) methods, 

 Training methods. 

The acquaintance with these three basic areas is supported by 

introducing the basic terms, history, and AI theory as well as its 

practical applications. This separation, which is big extend 

corresponds to the directions where the AI follows at the moment, 

will allow the students, interested in their development as scientists 

to be able to choose the most appropriate for themselves area for 

specialization. 

The subjects are oriented to the apparatus, necessary to manage 

the rational agents. In the same time it is supported by the 

theoretical knowledge, received in UCTM during the general 

courses on Mathematics, Physics, Electronics,  taken during their 

first and second year, and courses on Statistical modeling, Theory 

of Automation etc.  

A separate set of subjects to serve as a extension of the already 

received mathematical knowledge we included also: 

 Mathematical logic, 

 Probability theory, 

 Linear algebra. 

Lectures 

An outline of the lectures, which will be included in the BAI 

discipline. 

 AI history, basic definitions 

 Agents – intelligent agent, environment 

 Uninformed search. Search strategies 

 Heuristic informed search 

 Adversarial search 

 Machine learning 

 Probabilities – motivated search, hidden Markov models 

 Logics – knowledge operating agents, logical agents 

 AI applications 

 Deep learning. Convolution networks, Generative adversarial 

networks (GAN) 

 Robotics 

 The TinyML concept 

The AI theory in terms of applications, tools, concepts and even 

taxonomy develops so rapidly, that the set of lectures most probably 

will be reshaped significantly in the near future. 

3. The training program: Practice 

In the traditional setup of the technology education, the students 

should be provided with appropriately equipped laboratory, able to 

provide an environment, where a direct contact between the teacher 

and the students is provided. Also it should be possible some 

theoretical or practical lessons to be presented. Apparently, this 

environment should be open to online education methods. 

A lot of experience, in the facilitating of the AI teaching was 

accumulated in the recent years.  This includes development of an 

AI software able to play a game [4], inclusion of the science fiction 

themes [5], involving the game theory [6]. The involvement of 

robots is widely practiced in teaching robotics [7] as well as AI [8], 

[9]. The experience of usage in teaching AI of Neural as well Bayes 

networks is reported in [10], [11].  

The technical solutions employed in AI teaching include the 

readymade solutions of LEGO и Handy Board [7], [12]. The used 

software usually is the one which is accompanying the respective 

platforms – usually based on C and JAVA [7]. It was reported that 

in Bryn Mawr College, UK [13] an entire training environment, 

based on Python, [14], [15], [16] has been developed and 

implemented. It is quite common the robots to be used (having price 

200-250 USD), to be purchased by the students [14], [17].  

There are two general approaches to illustrate the taught 

material – by using computer simulation and trough physical 

devices. Despite its obvious advantages a serious drawback of the 

usage of simulated objects is the lack of physical sense about the 

behavior of the agent [18]. The development of the simulation 

software as activity, evades the emphasis from the development of 

the AI algorithms (collecting data and reacting accordingly) to the 

attempts to increase the level of imitation of the real conditions (e.g. 

friction, centrifugal force etc.) which is not the main goal.  

The idea to use the robot just as a tool for illustration of the 

behavior of a rational agent, by leaving enough space for 

development AI related algorithms is reported in [10], [11].  

Greenwald и Artz [10] provide a detailed description of their 

experience in usage of a robot, developed by them, as an aide in 

teaching AI. In their solution they use IR sensors to determine the 

position of the robot. Additionally to the well-known fact that the 

IR sensors have difficulties to determine transparent objects, the 

authors notes that is the IR source is close and in the same time the 

IR source also emit heat – the readings of the sensor will be affected 

additionally. 

Rational agent 

Following AIMA [3], where the rational agent is the basic 

subject of the AI, as an illustrative tool we use a device, which is a 

simplified model of autonomic car. The main idea is, during the 

practical training, the students to develop AI algorithms (e.g. 

machine learning) aimed to provide the car with the ability to avoid 

obstacles. 

Also, as long the agent represent a system of physical system 

(the sensors and actuators); a cyber system (the model housed in the 

PC); and the communications between the PC - the agent can be 

considered as a cyber-physical system of systems [19], [20]. 

According to the definition, provided by AIMA [3], “agent is 

anything that can be viewed as perceiving its environment through 

sensors acting upon that environments through actuators”. AIMA 

also provides an explanation of several types of agents: “A human 

agent has eyes, ears and other organs for sensors and hands, legs 

vocal tract and so on for actuators. The robotic agent might have 

cameras, and IR range finders for sensors and various motors for 

actuators. A software agent receives keystrokes, file contents, and 

network packets, as sensory inputs and acts on the environment by 

displaying on the screen …”( [3], page 34). 

If we consider that the acceptable behavior of the agent is to 

avoid obstacles, then according to [3] a rational agent is an agent 

which based on the received information acts in order to maximize 

the result – for example to minimize the number of collisions. 

Autonomous cars  

Undoubtedly the autonomous cars become more and more 

challenging field of application of AI. Considering the level of 

autonomy one can classify them on six categories [21], [22] varying 

from zero level – All functionality and systems of the car are 

controlled by humans, to level five – The car is completely capable 

of self-driving in every situation. The basic elements of an 

autonomous car are as follows [23]: 

 Sensors; 

 Computer vision systems; 

 Driving system, made of computer engine and memory 

At this stage of the development of the technology all elements 

are mounted within the car. Only the systems used for observing the 

condition and the position of the car are placed outside. There is 

some progress towards taking out of its systems into a cloud. An 

idea for placing the memory of the car into a cloud is discussed in 

[24]. 
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Students’ individual working places 

As it was mentioned above, one of our goals is to build up a 

system for AI teaching with minimal expenses, without affecting 

the efficiency of the training as well its attractivity to the students. 

Also we aimed not to be hooked with particular software or 

hardware vendor. This is the reason why we have chosen to use 

mainly free or open source software. Also, we decided to avoid that 

the option, where the students are supposed to buy some of the 

equipment (e.g [14], [17]). This will increase the expenses of the 

students; they will buy equipment which probably will not be used 

after the end pf the term. Also this will make us dependent of 

particular supplier. The robots, which will be used by the students 

are based on Arduino UNO R3 controller and are prepared in our 

department. The ML software is prepared on Python 3.xx.  

As we aimed to concentrate the students’ attention on the 

development of AI algorithms, while the robot to serve just as 

illustration, we choose a solution foe rational agent, where the 

controlled object (actuator) is separated from the computing engine.  

This is the reason why one of the elements of the autonomous 

car – the computer and the memory is positioned outside the car in a 

desktop personal computer standing nearby. In this way the 

“passive agent” will possess only sensors and actuators, while the 

“intelligent block” will be housed in the nearby PC. The connection 

between the passive agent and the intelligent block will be 

performed trough Bluetooth connection. The system “passive 

agent” + “intelligent block” can be regarded as rational agent in the 

meaning defined in [3]. From another side, the passive agents 

conform with the SAE’s definition [22] of autonomous car of level 

5. Where the computing and memory storage resources are housed 

in a cloud.  

The passive agent will have some memory and computing 

resources as long as they are provided with the Arduino UNO 

hardware. The main computing power as well the Internet 

connection will be stored as the “intelligent block” in the PC. The 

PC will be used both as development station, where the models will 

be developed, trained, and stored. The “passive agent” will provide 

data through its sensors, the data will be transferred to the 

“intelligent block”, then appropriate commands will be directed 

back to the agent and its actuators. 

The exercises will take place on individual working spots. The 

students will be given tasks to develop, train and apply AI 

algorithms, intended to manage the passive agents. Agents will 

collect data during the training stage. These data will be stored and 

manipulated in the PC. After that the trained models will control 

and rule the agents.  

The working spot is made of:  

 A personal computer with, equipped with AI development 

tools, also it will keep the already developed AI algorithm (e.g. 

Neural Net) and  

 A passive agent.  

The working spot should provide enough space for movement 

of the passive agent. The passive agents are constructed of a 

platform, which houses wheels with servo motors, Ultrasound 

sensor and Bluetooth communication with the PC. One can use four 

or more Ultrasound sensors, directed around the platform, or one 

sensor, which is continuously turning on 360o. Also, a 

temperature/humidity/ Atmospheric pressure/ Height above mean 

sea level is added to provide a way for calibration of the readings of 

Ultrasound sensor.  

An exersize 

The goal is the students to get familiar with the process of 

training and usage of Neural Network.  

The input layer of the Neural Net will consist the readings of 

the ultrasound sensor and the combined atmospheric sensor.  

The output layer will consist of nodes, which corresponds to the 

servo motors and respectively – the wheels.  

Training. The Student prepares a training filed, where some 

obstacles are positioned. The agent is connected through Bluetooth 

to the PC. The training mode is started.  

The Student manages the agent to go through the training field 

by directing it through the arow keys of the PC keyboard. The 

student chooses the best way, the agent to avoid the obstacles, for 

instance providing enough space the agent to make a turn and where 

necessary to move backwards. Each step, which corresponds to a 

particular turning angle of the motor, represents one measurement. 

During each measurement the sensor readings (input data) and the 

motor movements (output data) are recorded. 

All data from the measurements are transferred to the PC, where 

they are stored. In parallel the training of the Neural Net is 

performed. An appropriate algorithm for adjustment of the weights 

between the nodes is applied. 

In this way the student can perform several training tours, where 

each tour has different ordering of the obstacles. In this way during 

the training process the Neural Net accumulate a big volume pf data 

containing different readings of the sensors and the respective 

correct movements of the motors. 

Usage. The student prepares new ordering of the obstacles. This 

ordering should be used in the training phase. This is equivalent of 

the testing phase in the Neural Nets training. The Agent is started in 

working mode. The sensors start to provide data to the already 

trained Neural Net, which in turn controls the motors of the wheels. 

Depending of the commands the agent goes ahead, back or turns 

left/right.  

The main goal of this exercise is the student to gain intuitive 

understanding about the type and quantity of the data, the necessary 

for training of an AI system. Also to get some practical skills about 

the physics of the movement of the agent, friction of the wheels, 

how important is the time for reaction, compared with the time for 

data transmission between the car (agent) and the cloud (the 

network in the PC) etc. 

One can consider the organization of tournaments between the 

students, where the time of training and the number of violated 

obstacles can be scored.  

As a concluding stage the accumulated knowledge and 

experience can be communicated in after-class “group 

conversations” [25], where the instructor can provide video 

recordings of the tournaments, while te students can discuss and 

share knowledge and opinions regarding the AI algorithms, their 

efficiency, the difficulties of any kind etc. 

4. The training program: Examination 

An appropriate system for evaluation of the level of the 

theoretical knowledge and practical skills, received by the students 

should be provided too. 

The presented both theoretical and practical training programs, 

allow different types of examination. They can be performed 

separately or in combination 

 Classical written exam, where the student writes an essay on a 

subject based on the themes included in the Lections presented 

during the term. 

 Project based examinations, which include teamwork for 

choosing and applying of AI algorithm, which will allow the 

robot to avoid the obstacles. 

 Tournaments on robot training to handle particular scheme of 

obstacles for a time, based on particular algorithm. In this case 

the students should balance between the need of many data for 

training and time necessary to perform the training. So, they 

have to be creative in designing the training process; 
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 Essays on subjects, related with conceptual AI problems. E.g. 

benefits of AI, threats from AI, moral and ethical issues, etc. 

5. Conclusion 

The paper presents a concept for a training AI program. The 

concept is based on the ACM requirements for AI training as well 

as the methodic described in AIMA [3]. 

As a tool for illustration of the theoretical concepts, to facilitate 

the gaining of practical and intuitive understanding of the AI 

concept, the students are provided with low cost but effective 

individual exercise spots. Each spot is equipped with a small robot, 

a computer and an environment for development and usage of AI 

tools. 

The teaching methodology described here also familiarizes the 

students with a typical cyber-physical system, where the typical 

components of the CPS are involved – computing, physical and 

communication. 

Additionally, the student will receive base knowledge for some 

of the specifics of the cloud architectures used in controlling of 

autonomous cars. 

Contrary to the widely applied training programs, which include 

robots, here the emphasis is put on gaining of practical experience 

in the development and usage of AI algorithms, rather than usage of 

the robots. In this case the robot, which is used as passive agent, is 

employed as a demonstration tool.  
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Abstract: Cyber-physical systems (CPS) integrate computing, networking and physical dynamics and are characterized by a high degree of 

heterogeneity and parallelism, with high dimensionality and complexity, including a variety of decision-making capabilities and control 

logic. Modeling and simulation of cyber-physical systems are considered important stages in the design, development and operation of CPS 

and their components. The main aim of the paper is to describe and analyze the evolution of agent based approach in the field of CPS and to 

define the basic requirements to the agent based systems regarding CPS.  Based on O-MaSE methodology a software process model for 

agent based development of CPS is proposed. The approach includes the creation of 10 models reflecting various aspects and functionality 

of the CPS. The suggested approach is analyzed in terms of meeting the basic requirements for agent-based systems, imposed by the 

peculiarities of cyber-physical systems and fundamental requirements for their introducing, such as flexibility/changeability, reliability, 

reconfigurability, adaptability/agility and dependability. 
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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. Cyber-Physical Systems (CPS) 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. 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]. The fundamental requirements for introducing CPS in industry 

are specified by [4] as follows:  

 Flexibility/changeability;  

 Reliability; 

 Reconfigurability; 

 Adaptability/agility; 

 Dependability. 

Cyber-physical systems (CPS) are an integration of 

computational and physical processes. They use embedded 

computers and networks for the purpose of monitoring and 

controlling physical processes based on feedback [5]. Through 

cyber-physical systems, the physical world connects to the virtual 

world to form the "Internet of Things, Data, and Services." One of 

the most promising applications of CPSs is cyber-physical 

production systems. Modern CPSs are characterized by high 

dimensionality and complexity, including a variety of decision-

making capabilities and control logic. The degree of communication 

of these systems with physical processes, based on algorithms with 

increased efficiency and robustness, is also increasing. The amount 

of logic-based program code significantly exceeds traditional 

control algorithms. 

Modelling and simulation of cyber-physical systems and their 

components (embedded, mechatronic, etc.) is considered as an 

important stage in the design, development and operation of CPS 

and their components. One of the most successful approaches used 

for CPS design is model-based design [6] and model-driven 

development [7], where models play a significant role in the design 

process. The digital twins that are increasingly important and 

culminating in the field of CPS involve the creation of digital 

simulation models of physical and technical objects that are 

dynamic, updated and changed according to the life cycle of the 

physical object [8]. Such dynamically updated models are able to 

continuously receive new information about the measurements from 

sensors on the physical part of the CPS, from sensors on the control 

devices and from the environment. Systems of a higher hierarchical 

level summarize the newly obtained and past data and change the 

parameters of the model [9]. The dynamically updated CPS model 

is essentially its digital twin. 

CPS may be modeled as agent based systems, defined as ―a 

loosely coupled network of problem solvers (agents) that work 

together to solve problems that are beyond the individual 

capabilities or knowledge of each problem solver‖ [10]. The agent 

community has considerable interest in developing methods and 

techniques for specifying, modelling, implementing and verifying 

of agent based CPS for different applications domains, but the 

adoption of agent technology in industrial applications is critical in 

respect to real time constraints and this implies the use of 

technologies for real-time control and so far no standardized 

methodology has been recognized.  

The main aim of the paper is to present the current state of the 

art in the use of agent based systems for development of CPS and to 

analyse the main requirements to them in respect to CPS. The 

suggested goal oriented approach based on O-MaSE methodology 

[11, 12] and combined with the ontology for domain and semantic 

service descriptions. The approach is supported by the development 

environment agentTool III (aT3) in Eclipse is presented and 

analysed regarding the fulfilling of the defined basic requirements 

[13].  

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

second part of the paper discusses the basic principles of agent 

based systems and their use in the domain of industry and CPS. The 

third part of the paper presents a goal oriented agent based approach 

and analyzes its application for development of CPS according the 

selected requirements. Finally, some conclusions representing the 

analysis results are made. 

2. Overview of modeling agent based CPS  

2.1. Basic principles of agent based CPS  

The concept of CPS is closely related to agent-based systems 

due to their core properties such as: autonomy, society, reactivity, 

proactivity and mobility. Different methodologies and methods are 

used in order to guarantee the useful features of agents in various 
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applications areas of CPS, such as modelling, monitoring, control, 

diagnostics etc. CPS may be modelled as agent-based system, 

which may be defined as ―a loosely coupled network of problem 

solvers (agents) that work together to solve problems that are 

beyond the individual capabilities or knowledge of each problem 

solver‖ [14]. Jennings and Wooldridge [15] have defined an agent 

as ―a computer system situated in some environment and capable of 

autonomous action in this environment, in order to meet its design 

objectives‖. Software agents may be seen as building blocks for 

virtual environments which augment the reality. The main agent 

properties and characteristics are defined and discussed in [16] and 

are: autonomy, socialability (interactivity), reactivity, pro-

activeness and mobility. The agent community has considerable 

interest in developing methods and techniques for specifying, 

modelling, implementing and verifying of agent-based CPS in the 

different applications domains, but so far no standardized 

methodology has been recognized.  

2.2. Methodologies for modeling of agent based CPS 

There are several established methodologies for developing and 

analyzing agent-based systems. An analysis in [17] shows that some 

of the oldest methodologies, such as GAIA and MESSAGE, have a 

limited scope, and the fastest growing methodologies over the years 

are Tropos, Prometheus and INGENIAS. The largest number of life 

cycle phases is supported by the PASSI, Tropos, Prometheus, 

INGENIAS, ADELFE and MaSE (O-MaSE). The main features of 

methodologies are defined vocabulary and notations, procedures for 

executing tasks, guidelines for checking the products, methods and 

tools. Unfortunately, recent developments in the field, such as 

ASEME, OperA, GorMAS, ForMAAD, and DSML4MAS, are only 

methods that implement particular aspects of a methodology. 

An analysis of above methodologies and methods shows that 

their use in industrial practice is limited. The main reason for this is 

the unsatisfactory development of the implementation, testing, 

installation and maintenance phases. There is still no methodology 

that is complete, mature and highly effective. The positive trends in 

the development of agent-based methodologies are: increasing use 

of meta-models and transformation in the definition of vocabularies 

and notations, use of methods for specification, encouragement of 

Method Engineering practices, and use of tools with open code as 

for example Eclipse Process Framework Composer. One other 

serious problems of using agent-based methodologies is the 

achievement of interoperability. Therefore, many studies are related 

to their combination with the service-oriented architecture and the 

definition of service-oriented agents, as suggested by Leitão et al. 

[18], or by the replacement of Agent Communication Language 

(ACL) with semantic agents [19, 20]. An important conclusion to be 

drawn from the analysis of the approaches is that the results are 

more successful when the agent based approach is combined with 

other approaches, methods and tools. Five key requirements to 
agent based systems are identify in respect to CPPS [21]: 

 Application independence of MAS and its protocols and 

messages (R1.1); 

 Level independence meaning that all levels of automation 

pyramid according ISA 95 are available (R1.2);  

 Platform independent implementation (R1.3);  

 Robustness against errors and unforeseen problems (R1.4);  

 Decentralization means that MAS have to deal with 

temporary network connection loss and critical data (R1.5).  

The O-MaSE methodology [11, 12] is an established 

methodology for agent-based system development that most closely 

matches the recent positive trends in the development of 

methodologies, covers the major phases of the software 

development lifecycle - from the requirements definition phase to 

the implementation and automatic code generation. The 

methodology can be refined based on existing meta-models in order 

to extend the modelling language and define new processes and 

notations. The next part of the paper presents an approach applying 

this methodology for the purposes of developing cyber-physical 

production systems and an in depth analysis of the goal oriented 

approach in terms of meeting the basic requirements for agent-

based systems, imposed by the peculiarities of cyber-physical 

systems and fundamental requirements for their introducing, such as 

flexibility/changeability, reliability, reconfigurability, adaptability/ 

agility and dependability.  

3. Analysis of goal oriented approach for 

modeling of agent based CPS 

3.1. Description of the goal oriented approach 

In order to fulfil the basic requirements to the CPS, the software 

infrastructure of the system is necessary to be distributed, enabling 

self-organization of devices and their software components. CPSs 

are much more complicated than traditional computing systems and 

characteristics such as adaptability, flexibility, interoperability and 

modularity are more important. Furthermore, these systems must 

provide common improvements such as service discovery, self-

organization, rich knowledge representations and context-

awareness.  

The suggested model driven approach supporting the fulfilment 

of above mentioned requirements using the O-MaSE agent-based 

methodology, comprising the whole development life cycle of CPS, 

starting with computing independent meta-model (CIMM) to the 

deployment phase. The approach is illustrated in Fig.1 using 4 

layers: one CIM layer, two PIM (Platform Independent Model) 

layers and one PSM (Platform Specific Model) layer. Four 

principles as architecture cornerstones are chosen:  

 Model-driven principle, supporting the platform independent 

and model based domain engineering; 

 Service model;   

 Meta-ontology for description the domain of loosely coupled, 

reusable, composable agents; 

 aT3 meta-model [13] - platform-independent model that 

specifies agent-based CPS in a technology independent manner, 

based on the O-MaSE  process framework [11].  

 
Fig.1: Illustration of the suggested approach 

The platform-independent meta-model for service-oriented 

architecture covers four important aspects: information, services, 

processes and quality of service. For example the services aspect 

includes the services, which are represented as collaborations 

specifying pattern of interactions between participating roles. 

The O-MaSE methodology framework is shown in Fig.2 and is 

based on O-MaSE meta-model and SPEM meta-model, defining the 

product and methodology related concepts, respectively. O-MaSE 

process framework is in form of meta-model, method fragments, 

and guidelines, based on the Eclipse Process Framework (EPF) 

meta-model at the CIM level of model hierarchy. EPF meta-model 

is a generic process meta-model defining different types of method 

fragments and consists of Stages, Work Units (Activities, Tasks, 

and Techniques), Producers, Work Products, and Languages. The 
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O-MaSE meta-model is based on an organizational and goal 

oriented approach and defines the basic concepts and relationships 

used for definition of agent-based systems, such as goal, role, agent, 

capability, protocol, policy, etc.  

 

Fig.2: O-MaSE methodology framework [12] 

The development environment „AgentTools III―, also known as 

aT3, supports the development of agent-based CPS following the O-

MaSE methodology. The tool support the software processes at PIM 

layer, consisting of four components: graphical editor, process 

editor, verification framework, and code generation facility, 

providing abstractions that are tailored to the specific problem 

domain of agent-based development. The structure of aT3 is divided 

into several viewpoints each focusing on a particular aspects of 

agent-based systems. This separation allows extending the core of 

aT3 in order to reflect additional application-specific requirements. 

The tool is built on the Eclipse platform as plug-in and supports an 

Iterative, Incremental, Parallel Life Cycle model with 4 basic life 

cycle phases: requirements engineering, analysis, design, and 

implementation. It also provides the ability to compose and 

maintain customized O-MaSE complaint processes. Additionally, 

aT3 provides a verification framework, which helps designers to 

maintain consistency between their O-MaSE models. Currently, 

agentTool III provides the following 10 diagramming plug-ins: 

Goal Diagram, Organization Diagram, Role Diagram, Agent 

Diagram, Capability Diagram, Domain Diagram, Plan Diagram, 

Protocol Diagram, Policy Set and Value Goal Model Diagram.   

With the proposed approach it is possible to design an agent-

based CPS specifying high level concepts in a platform-independent 

agent model (focusing on the domain model), and later 

automatically transform it for different implementation models, 

bridging the gap between design and implementation phases. The 

use of two layers of PIM models enables for horizontal 

transformation between the models of the second layer and the use 

of "foreign" environments for performance.  

3.2. Short description of software process model 

The development of agent-based CPS follows the software 

process model (development life cycle model), shown in Fig.3 and 

includes 4 phases (requirements definition, analysis, design and 

implementation). It is supported by the following models: 

 Goal model: This model is the starting point to the 

development process and is used in the phase of requirements 

definition and modelling of requirements to the system. The goal 

diagram is based on tree structure and AND/OR relationships for 

defining the selected functional and non-functional requirements to 

the project. Trigger relationships may also be used for defining 

dynamical appearing goals. The main goals are refined by the 

definition of sub-goals based on attribute-precede-trigger analysis. 

Refining goals may include specifying precedence constraints 

between goals, determining events causing specific goals, or 

specifying parameters that characterize goal states. 

 Domain model: It captures object types, relationships, and 

behaviours defining the domain in which agents are sensing and 

acting. The suggested approach extends the O-MaSE replacing 

the simple domain model with domain ontology based on ISA 

95 standard. 

 
Fig.3: Suggested software process model 

 Organization model: This model is a static model and is used 

at the analysis phase to represents the relationships of the system to 

external users through interfaces, defined as protocols. Fig.4 

presents a typical organization model of a CPS, which includes 4 

actors "Operator", "Cloud" (data is stored in the cloud), "Other 

cyber-physical system", "ERP system". The organization requires 

analysis and receives the results from the actor "Cloud". The "Other 

Cyber-physical System" actor requires and sends data to the 

organization as well as the organization to it. An "operator" can 

select a mode and receive reports from the organization. An ERP 

system can send a schedule and receive data about the cyber-

physical system from the organization. 

 Role Model: The Role Model defines the type of roles in the 

organization and the goals they are designed to be achieved. This 

model supports the creation of all models at the design phase, such 

as protocol diagram, agent class model and model policy. The role 

diagram is similar to the UML class diagram. 

 Capability model: This model describes the internal structure 

of the capabilities possessed by the agents and is described as an 

action or plan. The plan is presented through a state machine.   

 Agent model: The agent class model defines the agents used 

in the project and their relationships with actors, organizations, 

roles, capabilities and protocols. The agent class can be considered 

as a template of the type of agents used in the system, which is 

characterized by certain capabilities and/or playing certain roles. 

The agent classes differ from the object-oriented, because they are 

defined through roles, instead of using attributes and methods.  

  

Fig.4: An example of Organization model 

 Protocol model: The interactions in the system between roles 

and actors are described as sequences of messages or actions 

through the Protocol model, which look like an UML Sequence 

diagram. Two types of protocols are used – internal protocols 
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defining the interactions between actions within an organization and 

external – between organization and external actors. 

 Agent plan model: This model uses Finite State Automata to 

describe the behaviour of agents/roles in achieving certain goal.  

 Policy model: This model is very important model that 

formalizes the system's policies with a view to verifying it, by 

composing quantifiers using different patterns such as absence, 

existence, response, universality etc., and scopes as after, before, 

between etc. in order to define predicates, which must be verified. It 

may be used to specify liveness and safety properties of the system 

being designed 

3.3. Analysis of the suggested approach 

The suggested approach uses common meta-model that supports 

the adaptability of the developed agent based system. It integrates 

the agent based approach with representing the domain knowledge 

through ontology and in this way supports the reconfigurability of 

the system. The use of formal models in the different phases of 

development life cycle such as capability models, agent plan model 

and policy model, allows performing the verification of various 

aspects of development, which leads to a significant increase in its 

dependability and reliability.  

4. CONCLUSIONS 

Achieving the basic requirements to the cyber-physical systems 

such as flexibility, reliability, reconfigurability, adaptability and 

dependability requires the use of new, advanced methods in their 

development life cycle. The suggested approach uses an extension 

of O-MaSE methodology combined with ontology for domain and 

semantic service descriptions in order to meet the above mentioned 

requirements. The models used by the approach support its 

industrial application, as they meet the requirements for 

independence from the application, the level of management in the 

pyramid of automation, platform independence, robustness to errors 

and unpredictable problems and decentralization.  

Some of the main reasons to choose the O-MaSE methodology 

and process framework, and the agentTool III meta-model are the 

possibilities to customize and extend the development process and 

to fully fill the gap between design and implementation phases, 

generating the code of JADE based application.  

Important advantage of the proposed approach resulting from 

the use of meta-models and models and their formalization is the 

ability to verify and validate the models, as well as to increase the 

security and safety of the applications. The use of organization-

based engineering and goal-driven development are successful steps 

to achieving intelligent agent – based CPS. 
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Contribution to the implementation of software control for seeding plates 
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Summary: Seed plates of all seeding machines for widerow plants are powered by wheel of seeding machine and mechanical transmission. 

That has impact to volume and possibilitz of stearing.This paper show possibilities of using electromotor for power of seed plates as well as 

analysis possibylities acting stearing by electro system. In this paper are research measurement system and create stearing by programabil 

logic controller and shown idea for implementation steering of speed rotating of  seed plates. That has aim to go about nominal seed space 

in row.  
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1.Introduction 

The key agronomic factors that affect the nominal germination 

of seeds and consequently the adequate development of plants are 

the correct choice of culture in relation to the climate and type of 

soil on which seeding is performed, the method of soil preparation 

before seeding, the correct selection of seeds in terms of its type and 

geometric shape and selection of seeding dates and conditions [1,2]. 

The operation of one drill, and consequently the corresponding 

parts of the drill, can be divided into five phases: 

1. shrinkage / leveling of surfaces, 

2. surface consolidation by pre-compaction, 

3. pulling the furrow and lowering the seeds, 

4. pressing the seeds into the furrow and closing it, 

5. compacting the soil around the seeds. 

It should be noted that in most seed drill solutions, the 

individual phases partially overlap or occur simultaneously. Among 

all the mechanical assemblies of the seeder that ensure the 

execution of a certain phase of seeding, the highest degree of 

dynamism is possessed by the seeding machine by means of which 

the seed is lowered into the ground. As this is the most responsible 

machine assembly of the drill, there are a large number of solutions 

and designs that, in combination with the air flow, ensure the 

fulfillment of the role of the seeding machine [3].  

The three key requirements for a seeding machine in the 

seeding process are: 

-as much force as possible for pressing the seeds into the soil, 

-the most precise distance and distribution of seeds per plot, 

-no seed damage [4]. 

 

The germination rate depends on the manner and intensity of 

seed-soil contact, which later affects the resistance and development 

of the plant. Well-pressed seeds into the soil easier get moisture and 

nutrients, germinates faster and develops a root apparatus that 

affects the later stability, resistance and development of the plant. 

Therefore, it is necessary to achieve close contact between seeds 

and soil by pressing the seeds with as much force as possible. Depth 

of seeding for corn is 6-8cm, and for hemp and sunflower 4-7cm 

[5]. 

The even distribution of plants on the plot enables the plants to 

have equal access to resources, which entails even development and 

yield over the entire surface of the plot. A key prerequisite for 

achieving this goal is to invest the seeds in the soil at an equal, 

prescribed, distance between the seeds and later the plants within 

the row, since the distance between the rows is easy to adjust and 

maintain. Also, a very difficult requirement is placed in front of the 

seeding machine if "zigzag" seeding is needed, because then the 

work of the seeding machines on the seeder needs to be coordinated 

independently from section to section [6]. 

Damage to the seed is possible in several places during the 

journey that the seed crosses from the tank on the seeder to the 

furrow.  Although not common, seed damage is still possible, 

mainly due to crushing and impact. 

Each seeding machine takes the seed from the tank and lays / 

inserts it into the furrow formed in the soil. According to the stated 

requirements and functions that must be fulfilled by the seeding 

machine, it consists of three functional assemblies (Figure 1), 

closely connected and intertwined: seed plate which is the seed 

carrier from the moment of taking it from the tank to its ejection 

into the ground, scraper, excess seed from the seed plate which 

removes the seeds if the seed plate has taken several grains from the 

tank into one of its openings so that only one grain remains in the 

opening, and a seed ejector which is in charge of correctly and 

precisely laying the seeds in the soil. Air current of vacuum or 

compressor type is necessary in fulfilling the roles of the seeding 

machine, and in some types of pneumatic seeders it independently 

performs the roles of the above-mentioned assemblies [7,8].  

 

Figure 1.Structural diagram of seeding machine 

 

2.Material and Method  
 

 In order to control the speed of the seed plows, it is first 

necessary to measure the speed of the tractor or the connected 

tillage machine. In this context, the speed of the tractor and the 

machine is transmission speed, and the speed of the seed plate is 

relative and depends on the transmission. It follows that it is 

necessary to measure the transmission speed, and introduce this 

signal as an input to the control body (programmable logic 

controller) which generates an output signal to control the speed of 

rotation of the working bodies through the executive control organ 

[9]. 

 The measuring points for measuring of the transmission speed 

can be different depending on the type of machine and the type of 

sensor used. For mounted machines, the speed must be measured on 

the tractor as a driving machine. For towed and semi-mounted 

machines, which are most often used in practice, it is most 

convenient to measure the speed at the wheel of machine. In this 

case, it is possible to use an incremental encoder or inductive 

proximity sensor. 

 With the help of an incremental encoder, it is possible to 

measure the speed and angle of rotation of the seed plates with a 

resolution of up to 1/1500 per turn. However, the application of the 
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incremental encoder on tillage machines has so far been mostly only 

theoretical, as these machines are exposed to high vibrations that 

adversely affect the accuracy of the encoders themselves. In 

addition, the working conditions on the fields imply the exposure of 

the sensor to dust and precipitation, so this also calls into question 

the reliability of the encoder in the role of a speedometer for the 

tractor or seeder in the work on the plot.  

Inductive encoders are by nature sensors of much more robust 

construction, and as such much more adaptable to the agricultural 

complex, ie the needs and conditions that prevail in tillage. These 

sensors work on the principle of inducing metal objects, so it is 

necessary to additionally equip the machine itself. The best way is 

to place the screws on the rim of the wheel of the machine at the 

same radius from the shaft. The number of screws also dictates the 

measurement resolution.  

However, as it is practically impossible to achieve the 

resolution as when using the encoder, it is enough to place one 

screw on the rim of the wheel, and fasten the sensor axially in 

relation to it so that one pulse is induced when the screw passes the 

sensor. In this case, each pulse corresponds to one turn, and the 

resolution is corrected by software. The response of the system in 

terms of control is always better when there are several benchmarks 

around the perimeter and when each turn is manifested with more 

impulses. However, since the speed when seeding is of the order of 

5-8 km/h, then a completely satisfactory quality of control is 

achieved with only one benchmark on the rim.  

The first module is a power supply unit used to convert the 

mains voltage to DC stabilized voltage, which is necessary for the 

safe operation of the PLC, and an external voltage, which is used to 

power other consumers. The module itself is realized as a switching 

power supply with galvanic isolation. On the front of the module 

there are LED diodes as an indication of the correctness of the input 

voltages, a connector for connection to the mains voltage and a 

connector for external voltage. At the back of the module there is an 

EBUS connector through which the other modules are supplied with 

a DC stabilized voltage of 8-24V DC. This power supply module 

also features short-circuit protection, current protection, temperature 

protection and soft start. The CPU executes the driver, manages the 

IO modules and communicates with the superior system. On the 

front of the module there is a connector for serial communication 

with a random station or other CPU module, a circular switch for 

determining the PLC address in the network as well as LED 

indications of correct operation of the module and a connector for 

connecting external power. A PC is used as a programming and 

testing workstation and programming is done in LD language in 

accordance with IEC 1131-3.  

The digital input / output module has 8 digital 24VDC inputs 

with a common end and 8 transistor outputs. The first two digital 

inputs can be used as counters. The last module was added to power 

the previous one. 

 

3.Research Results And Discussion 

 

In order to control the speed of the seeder, it is first necessary to 

measure the speed of the tractor with the seeder. This speed is 

transmission and the speed of the seed plate is relative and depends 

on the transmission speed. Therefore, it is necessary to know the 

transmission speed, and to introduce this signal as an input speed in 

the control body (programmable logic controller) which generates 

an output signal for speed control of working bodies through the 

executive control body [10].  

For seeders, the speed is best measured at the wheel of the 

seeder. In this case, it is possible to use an incremental encoder or 

an inductive proximity switch.  

With the help of an incremental encoder, it is possible to 

measure the speed and angle of rotation of the seed plates with a 

resolution of up to 1/1500 per turn. However, the application of the 

incremental encoder on seeders has so far been mostly only 

theoretical, while for a wider practical application it would be 

necessary to perform such an assembly that would protect the 

encoder from vibrations that adversely affect the measurement 

accuracy. Also, in order to be more precise, protection from dust 

and dirt should be performed [11].  

Inductive sensors are by nature sensors of much more robust 

construction, and as such are much more adaptable to the needs and 

conditions that prevail when working in contact with the ground. 

These sensors work on the principle of inducing metal objects and it 

is necessary to additionally equip the seeders itself in the form of 

protrusions that are placed on the wheel. One way is to place the 

screws around the perimeter of the seeders wheel at the same radius 

from the shaft. The number of benchmarks also dictates the 

measurement resolution. The higher the number of benchmarks, the 

higher the resolution. However, as it is practically impossible to 

achieve the resolution as when using the encoder, it is enough to 

place one benchmark on the rim of the wheel, and the sensor itself 

is fixed axially relative to it so that one pulse is induced when the 

benchmark passes the sensor. In that case, each pulse corresponds to 

one revolution, and the lack of resolution is compensated by 

software. The response of the system in terms of management is 

always better when there are several benchmarks around the 

perimeter and when each turn is manifested with more time 

intervals. However, since the seeding speed is in the interval 5-8km 

/ h, then a completely satisfactory quality of control is achieved by 

using only one benchmark per rim. The time that elapses between 

two benchmarks, ie between successive passes of the benchmark 

against the inductive sensor, determines the time interval, ie the 

measurement period on the basis of which the average speed of the 

seeder in that time interval is determined. The mean velocity for 

that time interval is calculated as the quotient of the circumference 

of the circle of that radius which corresponds to the distance of the 

measuring benchmark from the wheel axis and the measured time 

interval that characterizes that measuring period [12,13]. The 

seeders speed thus obtained is used to calculate the required seed 

plate rotation speed, provided that new information on the average 

seeders speed is obtained at the end of each time interval. It is used 

during the next time period to control the rotation speed of the seed 

plate, ie to determine the time after which the disc should be rotated 

to achieve seed equidistance in the furrow and at variable seeders 

speed. The stated logic of speed control of the seed plate is 

manifested in the generation of the time after which it is necessary 

to rotate the seed plate, shown in the algorithm in Figure 2. 

Control in such a system is realized by means of programmable 

logic controllers, so it is impossible to measure time continuously, 

but only discretely. That is why it is necessary to ensure that the 

controller has the best possible characteristics in the sense that the 

duration of equidistant pulses generated by the programmer's clock 

is as close as possible to zero. The number of these pulses n that 

pass between two passes of the benchmark against the sensor 

multiplied by the duration of one pulse ti determines the time 

interval t used to calculate the average speed at that interval (if only 

one screw is placed on the rim of the wheel then it is also the time 

of one turn):  
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Figure 2. Block diagram of algoritham for speed rotation 

adjustment of seed plates 

 

where is: 

 Ti - the time after which the electric motor rotates the 

plate for a given angle, 

 k – number of benchmarks,  

 d - inter-seed distance, 

 t1-i – time interval between two benchmarks in the 

previous countdown, 

 R - the diameter of the circle describing the center of the 

screw around the wheel axle. 

The time after which the electric motor rotates the plate is 

subject to change and is always re-established at the end of each 

time interval required for the passage of the benchmark against the 

sensor which can remain unchanged if the controller stated that 

during the new and old measurement period, the same number of 

pulses was counted between the moments when the screws passed 

the sensor.  

The benchmark itself has a certain dimension, so the sensor 

registers it along the entire length of that diameter when the screw 

passes against the sensor. Therefore, it is necessary to define that 

the controller measures the time intervals between the ascending or 

between the descending edges of the pulses that determine the 

activation / deactivation of the sensor, depending on whether the 

proximity sensor is set as normally open or normally closes the 

switch.  In Figure 3, a variant of time measurement between the 

ascending edges of the pulse is selected.  

In this way, the speed of rotation of the machine wheels, ie the 

machine itself, was measured, which is represented by the number 

of pulses between two adjacent passes of the benchmark next to the 

sensor (in the case of only one benchmark) that is, the number of 

pulses between the passage of two screw benchmarks near the 

sensor (in the case of two or more benchmarks). The number of 

pulses is inversely proportional to the number of benchmarks. The 

pulse diagram for the switches and parameters used is shown in 

Figure 3. Imp 10ms are programmer clock pulses of 10 milliseconds 

each, the switch is set when the sensor is against the screw, TrVrem 

is the number of counted pulses between the ascending edges of the 

pulse switch, PrVrem is the number of pulses in the previous 

countdown cycle. 

 

 

Figure 3. Impuls diagram; during the testing of the software in the monitoring mode, a logical change of parameters was noticed, which 

indicates the proper functioning of the control body. 

4.Conclusion  
 

One of the possible directions of development of pneumatic 

seeders could be automation of seed plate rotation, especially with 

vacuum seeders, which would simplify the construction of the 

seeders, reduce their robustness, and enable electronic control and 

monitoring of seeding. According to this possible solution, the seed 

plates would not achieve their rotational movement by means of 

bulky and complicated mechanical transmissions, but simply by 

means of electric motors or hydraulic motors. The speed of the 

seeder would be measured by means of an inductive proximity 

sensor placed on the wheel of seeder based on whose signal, and the 

appropriate algorithm and the desired seeding distance, the 

programmable logic controller (PLC) would control the engine 

speed and consequently the seed plate itself. The problem in the 

realization of this idea from the aspect of using electric motors 

could be the power of the motor to overcome the resistance, ie the 

realization of the desired torque. A hydraulic motor would not have 

a problem of this kind, but from its point of view, the problem could 

be a long response time, and an expensive and robust hydraulic 

installation. Further research should be directed towards testing the 

torques of seed plates in order to enable full automation of their 

work [14].  

Further development of the entire control system should be 

done in the direction of connecting with adequate executive bodies 

that can respond to the control signal and at the same time 

physically achieve the same control. It is also possible to connect 

the control console to the display on the PLC or to connect the 

system to the tractor control system via the CANbus system. The 

software designed in this way supports the delay management 

system, whereby this delay is constant during the management 
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process so that it does not affect its quality, because the time 

intervals in which the movement of the seed plate is initiated are 

equidistant.  
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Abstract: This paper discusses the programming and control of a multi-cycle tape machine. Part of the electrical equipment is also 

presented. The program code in the language "Lader diagram" is selected and the input-output diagram is described. “Lader diagram” is a 

programming language designed to resemble an electrical circuit. Due to this fact, it has a great advantage over other programming 

languages, because electrical logic is easy and simple to present. Most of the programs in discrete automation are created on the "Lader 

Diagram" due to the simple operation and easy maintenance. The description and the cyclical approach of each executive body and 

automatic mode of operation are presented. 
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1. Introduction 

In the coming years, the main task is to increase the 

implementation of automation tools in production, as well as the 

implementation of quality complex tasks and topics, performing full 

mechatronic and automatic production of products and their 

packaging. Of particular importance are the factors influencing 

production [1-6]. 

The packaging is part of the most developed industries globally. 

The wide range of uses has an impact on the daily lives of 

consumers worldwide. Packaging helps consumers make decisions. 

The fast-growing consumer society is putting packaging 

manufacturers to the test to meet the growing demands for quality 

and convenience. One of the problems affecting the future vision of 

European packaging is the growing pressure to provide packaging 

solutions from environmentally friendly and biodegradable 

materials [6-11]. 

The purpose of this paper is to increase the reliability and 

productivity of the tubular furniture packaging operation by 

integrating an automatic machine by using appropriate controllers, 

power supplies, and optimized software. 

2. Principle of Operation and Used Equipment 

Before the design, construction, and implementation of an 

automatic machine, the packaging of tubular furniture for transport 

and storage of beds was carried out manually. An employee packed 

corrugated cardboard with tape.  The tape is placed on the 

corrugated cardboard on the upper and lower side. This operation 

ensures reliable transportation and storage without compromising 

the overall appearance of the product. The process is slow requiring 

precision and man-hours. The equipment, controllers, and control 

software are used to make it possible to increase production [7-11]. 

2.1. Principle of operation of an automatic machine 

• The system is started by the green button “B1” (Start). 

• If no alarms occur, the system starts inverter 1 and starts the 

first conveyor. 

• If there is a box in the system, move to sensor “S2”, if there is 

no box in the system, after 60 sec. the operating cycle is interrupted 

and the green button “B1” is expected to be pressed again (Start). 

• If there is a box in the system, conveyor number 1 moves it to 

sensor “S2” at the speed set by the operator panel. 

• After reaching the sensor, conveyor number 1 stops, and 

cylinders “V3” and “V4” are pulled to the front position until 

sensors “S11” and “S12” is reached. 

• After reaching the sensor “S11” and “S12”. cylinders "V5" 

and "V6" go down to reach sensors "S9" and "S10". 

• When sensors “S9” and “S10” are reached, the tape is fed and 

cylinders “V1” and “V2” perform the gluing on the main and 

auxiliary box. 

• After gluing and reaching sensors “S7” and “S8”, cylinders 

“V1” and “V2” are retracted to the upper position. 

• After retracting cylinders “V1” and “V2”, sensors “S13” and 

“S14” are activated. 

• When actuating sensors “S13” and “S14”, cylinders “V5” and 

“V6” retract to the rear position and activate sensors “S15” and 

“S16”. 

• After retracting cylinders "V3" and "V4", sensors "S17" and 

"S18" are activated. 

• When all cylinders are reached in the rear position, conveyor 

number 1 is restarted. 

• The box moves forward until it reaches the sensor “S3” and 

the gluing cycle is repeated. 

• After the second gluing, conveyor number 1 is restarted. 

• The box moves forward until it reaches the sensor “S1” and 

the gluing cycle is performed for the third time. 

• After the third gluing, conveyor number 1 is restarted. 

• The box moves forward until it reaches the sensor “S4” and 

the gluing cycle is performed for the last time. 

• After the last gluing, conveyor number 1 is restarted. 

• The box leaves the gluing area and moves to conveyor number 

2. 

• When sensor “S5” is reached, conveyor number 2 is activated 

and the box is taken to the unloading area. 

• When sensor “S6” is reached, conveyor number 2 stops and 

the system waits for the box to be taken away. 

• Conveyor number 1 remains switched on until a new box 

reaches sensor “S2” or stops after 60 sec. 

2.2. Basic equipment used 

a) Controller 

For controller is chosen a Siemens controller S7-1200 - 

1212DC / DC / DC. Table 1 presents the characteristics of the 

Siemens S7-1200 - 1212DC / DC / DC controller (Fig. 1). 

Table 1: Mechanical Characteristics of the Siemens controller. 

Product range 
Controller Siemens S7-1200 - 1212DC / DC 

/ DC 

[Us] nominal supply 

voltage 
24 VDC 

Discrete input number 14 Discrete input according to IEC 61131-2 

Type of discrete output Transistor 

Discrete output number 10 Transistor 

Discrete output voltage 24 V DC 

Discrete output current 0.5 A 

 

The controller was chosen due to its following advantages: 

- Very large working memory; 

- Sufficient system memory to remember all variables; 

- The controller contains non-volatile memory; 

- The system has enough inputs and outputs to control the 

mechanical system; 

- The controller has a "Scan Cycle" of less than 50 [ms], which 

guarantees fast operation and reading of all signals without errors; 
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- The controller contains the “Lader Diagram“ programming 

language; 

- The controller contains a "Web Server" for remote access. 

 

Due to these and other advantages, the controller is chosen to 

control the specific automatic machine. 

 

Fig. 1 Siemens controller S7-1200 – 1212DC/DC/DC. 

 

b) Switching power supply. 

 The switching power supply used is shown in fig. 2. 

 

Fig. 2 The switching power supply. 

Table 2 presents the characteristics of the switching power 

supply of the controller "Siemens 1200 - 1212DC / DC / DC". 

Table 2: Characteristics of switching power supply. 

Input voltage 
Single-phase, 100 to 240 VAC, 
50/60 Hz 

Output voltage 24 VDC 

Output current 2.5 A 

Output power 60 W 

Change of output voltage,% From -10 to +15 

Efficiency at 230 VAC input,% 88 

Dimensions W x L x H, mm 32x110x90 

 

c) Inverter  

For inverter is chosen a Siemens V20, shown on Fig. 3. Table 3 

presents the characteristics of the Siemens V20 inverter. 

Table 3: Characteristics of Inverter Siemens V20. 

Product range Siemens V20 

Communication USS / Modbus FSA 

Input voltage AC 240V 

 

Fig. 3 Inverter Siemens V20. 

3. Electric Circuit Diagram of Basic Elements 

The electrical diagram (Fig. 4) shows the main elements of the 

electrical panel. All types of power supply modules and reversible 

converters are shown. A logic diagram of the chosen controller is 

presented and the connections of sensors and actors to it are 

explained. A cable log has also been created for easier maintenance 

and development of the system. 

 

Fig. 4 Part of an electrical circuit. 

4. Program Code and Diagram 

The program part presents a large part of the logical elements of 

the „Lader Diagram“ language. Various timers and counters 

necessary for creating program logic are presented. The program 

logic contains different control modes. There is a manual mode that 

allows the work of the various executive members separately. It 

also contains an automatic operating mode described in detail in 

point (2.1). 

Input-output diagram - The diagram shown in fig. 6 contains a 

detailed description of all inputs and outputs: 

- The described discrete input variables are: buttons, sensors 

and feedback from frequency regulators. 

- The described discrete output variables are: relays, contactors 

and lamps. 

- The described analog input variables are: Feedback from 

frequency regulators and speed measurement. 

- The described analog output variables are: Set speed to 

frequency regulators. 
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Fig. 4 Part of program code. 

 

Table 4: Selected Inputs and Outputs for Machine Control. 

UpNew I/O Bool %I0.0 

DownNew I/O Bool %I0.1 

OKprint I/O Bool %I0.2 

PrinterEnd I/O Bool %I0.3 

SensorK3 I/O Bool %I1.1 

SensorK2 I/O Bool %I0.5 

SensorK4 I/O Bool %I0.6 

SensorK1 I/O Bool %I0.7 

Warrning Printer I/O Bool %I1.0 

SensorK5 I/O Bool %I0.4 

tag11 I/O Bool %I1.2 

tag12 I/O Bool %I1.3 

tag13 I/O Bool %I1.4 

EndLeftTape I/O Bool %I1.5 

BigRightDown I/O Bool %I8.0 

BigRightUp I/O Bool %I8.1 

MiddleRightDown I/O Bool %I8.2 

MiddleRightUp I/O Bool %I8.3 

SmallRightDown I/O Bool %I8.4 

SmallRightUp I/O Bool %I8.5 

EndRightTape I/O Bool %I8.6 

BigLeftDown I/O Bool %I8.7 

BigLeftUp I/O Bool %I9.0 

MiddleLeftDown I/O Bool %I9.1 

MiddleLeftUp I/O Bool %I9.2 

SmallLeftDown I/O Bool %I9.3 

SmallLeftUp I/O Bool %I9.4 

ESTablo I/O Bool %I9.5 

ButtonGreen I/O Bool %I9.6 

ButtonRed I/O Bool %I9.7 

BigRight I/O Bool %Q0.0 

MiddleRight I/O Bool %Q0.1 

SmallRight I/O Bool %Q0.2 

BigLeft I/O Bool %Q0.3 

MiddleLeft I/O Bool %Q0.4 

SmallLeft I/O Bool %Q0.5 

tag14 I/O Bool %Q0.6 

tag15 I/O Bool %Q0.7 

tag16 I/O Bool %Q1.0 

tag17 I/O Bool %Q1.1 

RedLamp I/O Bool %Q9.0 

YellowLamp I/O Bool %Q9.1 

GreenLamp I/O Bool %Q9.2 

startOut I/O Bool %Q9.3 

StopOut I/O Bool %Q9.4 

tag20 I/O Bool %Q9.5 

tag21 I/O Bool %Q9.6 

tag22 I/O Bool %Q9.7 

tag23 I/O Bool %Q8.0 

tag24 I/O Bool %Q8.1 

tag25 I/O Bool %Q8.2 

NewCylinder1 I/O Bool %Q8.3 

StartINV1 I/O Bool %Q8.6 

FreeINV1 I/O Bool %Q8.7 

INV1 I/O Int %QW112 

INV2 I/O Int %QW114 

5. Conclusion 
The ever-increasing demands for employee security, increased 

demand, and increased productivity require automation of 

operations. The used controllers, power supplies, and optimized 

software increase the reliability and productivity of the tape gluing 

operation compared to the previous state of packaging of the 

product. The operation of an automatic machine for packing tubular 

furniture is described. The machine provides a quality, reliable, and 

at the same time reduced level of waste. The employee's working 

environment has been improved and the safe use of the operation 

has been increased. 
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Abstract: Thermal comfort and indoor air quality highly depend on proper design of Heating, Ventilation and Air Conditioned (HVAC) 

system. These system require large amounts of energy. Efficient use of energy leads to new concept design of HVAC systems. In this article, 

energy consumption in office building is analysed using Hourly Analysis Program (HAP) software. The aim of this research work is focused 

in estimation of office building energy consumption considering three different HVAC systems, respectively. Therefore, Variable Refrigerant 

Flow (VRF) system, HVAC 2-pipe and HVAC 4-pipe system were analysed with respect to energy consumption. A typical office building 

placed in Tirana, of 5000 m2 of total area is used for this study.  
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1. Introduction 

Heating Ventilation Air Condition (HVAC) systems purpose is to 

maintain good indoor air quality and provide thermal comfort. 

HVAC systems are among the largest energy consumers. The 

building sector accounts approximately 30% of total energy 

consumption in Europe and USA [1]. According to [2] in 

commercial buildings energy requirements of HVAC systems for 

heating account to 5%, thus 14% for cooling and 12% for 

ventilation of the area.  

Optimal design and use of energy efficient systems challenges 

the everyday work of HVAC engineers. The selection of HVAC 

systems in a given building will depend on the climate, the age of 

the building, individual preferences of the owner, project budget 

and the architectural design of the building. Building sector has a 

significant increase in the recent years in Albania. The country has 

implemented EU and international standards for energy 

consumption. HVAC systems energy. In this study energy 

consumption in a selected office building has been analyzed using 

Hourly Analysis Program (HAP) software [3]. For this task three 

different HVAC systems are chosen, which refer to main systems 

applied currently in Albanian capital. Thermal calculations are 

based on mathematical models with respect to international standard 

ISO13790:2008 for energy use and thermal performance of 

buildings [4]. The goal of this work is to evaluate energy 

consumption in heating and cooling for the five floor office building 

with respect to HVAC system design.  

2. Building characteristics  

The office building used for this study is placed in the capital, 

Tirana. For energy simulations some critical information about 

building geometry, environment, equipment, and HVAC system is 

necessary. Energy prices in the Albanian market is a key factor for 

proper calculation and design of the system.   

 
Fig.1. Cross sectional view of the office building 

All the necessary information for the building has been 

collected for this study.  In the table below are presented the data of 

the building. Area of each floor is 1000 m2 and total area of the 

building is 5000 m2.  

Table 1: Building characteristics and outdoor condition data 

Building 
characteristics 

Value  
 

Unit 

Total Area  5000  m2 

Activity level Office   

Ventilation 
requirements 

2.5  
L/s 

Occupancy 105 people 

Wall overall U 

coefficient  
0.302 

W/m
2o

C 

Roof overall U 
coefficient  

0.304 
W/m2oC 

U coefficient of 
Windows (Al 

with thermal 
break) 

2.718  

 
W/m2oC 

Summer design 

dry bulb 
temperature 

35  

oC 

Winter design 
dry bulb 

temperature  
-2.2  

oC 

 

The characteristics of the building elements are taken into account 

from the layout of the building and information about the use of the 

building is collected in place.  
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Fig.2. Yearly temperature profile for Tirana 

The diagram of climate data for the capital Tirana is presented in 

Fig 2. The data collected for the period from January 1st to 

December 31 give the dry and wet bulb temperature profile for 

Tirana. 
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3. Results & Discussions 

HVAC system on the office building considers three different 

technology solution. VRF systems have been developed since early 

90s. These systems offer high energy efficiency with precise 

temperature and humidity control as well as high flexibility in 

modulating individual indoor units provide the desired cooling 

and/or heating in each area.  VRF systems can save up to 40% 

energy over comparable unitary equipment.  

HVAC two-pipe system are suitable when heating and cooling 

share hydronic piping. Each terminal unit Fan-Coil is equipped with 

one supply pipe and one return pipe. These systems are ideal for 

warm, tropical climate because heating load is rarely required.  

HVAC four-pipe system are designed when heating and cooling 

require separate hydronic piping. Each Fan-Coil has two supply 

pipes and two return pipes. These system are suitable in multi-

climate areas, because for example fan-coils can deliver 

simultaneous cooling and dehumidification by using cold and hot 

water at the same time.  For this study energy consumption 

simulations are carried out. The HAP software was used for the 

building energy performance analysis. Each system performance is 

simulated separately. We have accepted building operation time and 

occupancy load do not change throughout the year.  

The lighting is accepted at equal values for all office areas. The 

lighting equipment load is 5 W/m2. 

Electrical equipment load is 12 W/m2. 

According to [6] the activity level of the building premises is 

considered as office space with sensible heat 71.8 W/person and 

latent heat 60.1 W/person. 

In Fig.3 and 4 is shown the distribution of heating and cooling 

building energy consumption during the year for the three systems 

taken into consideration.  
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Fig.3. Building energy consumption in heating for three considered 

systems 
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Fig. 4. Building energy consumption in cooling during the year in 

kWh/year 

It is obvious that VRF systems use have a slightly increase on 

energy consumption during cooling and heating compared to other 

systems. For the cooling period the peak energy consumption 

results on 83,642 kWh, in July by the VRF system. Considering the 

building typology the cooling period starts in the early March and 

ends by in the beginning of November. For the remained period the 

cooling demand accounts to a few kWh, intended for server room in 

building.  
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Fig.5. Building total energy consumption for each system in 

kWh/year 

In Fig.5 a profile of total energy consumption of building is 

presented. As can be viewed from the graph energy consumption 

has an increase during midseason and peak in summer. This is due 

to building high cooling demand during summer. Therefore, total 

energy consumption in summer equals for VRF system equals to 

84,134 kWh. For 2-pipe and 4-pipe HVAC systems this value is 

slightly lower compared to VRF. Another important indicator we 

can evaluate is specific energy consumption related to building total 

area. For this study calculated specific energy consumption of the 

building is shown in Fig.6. 
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Fig.6. Specific energy consumption in kWh/m2 during the year  

Specific energy consumption of office building for the entire period 

respecting indoor thermal comfort and air quality represent an 

important parameter for energy building performance. Energy 

calculation in HAP software shows that HVAC 2-pipes and 4-pipes 

system have a slightly decrease on energy consumption for same 

thermal conditions of the building. The difference in summer period 

when cooling demand increases is approximately 2 kWh/m2. This is 

a considerable figure which should be taken into consideration 

when designing HVAC systems in office building for Tirana 

climate conditions.  
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4. Conclusion  

In this article we shortly described the importance of HVAC 

systems related to energy requirements. Efficient use of energy calls 

for a new approach in HVAC system design considering the 

building character, architecture, environment, climate conditions 

energy prices, etc. A typical 5-floor office building placed in capital 

Tirana was used for this study. Three classic systems were analyzed 

in this work: VRF system, HVAC 2-pipes, HVAC 4-pipes system. 

All three systems are centralized HVAC and have great potential for 

energy savings.  The physics of the building and yearly temperature 

profile of the city was taken into account. HAP software has given a 

profile of energy consumption for heating and cooling of the 

building during the year. Cumulative calculations shows the total 

energy consumption for each single system. As shown by 

simulations it is evident that for Tirana climate conditions the VRF 

system results on higher energy consumption compared to 2-pipes 

and 4-pipes HVAC system. Average specific energy consumption 

of three systems is 80.4, 72.3 and 73.1 kWh/m2 respectively. No 

system cost considerations were taken into account for this study. 
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Abstract: Photovoltaic thermal system (PV-T) converts sunlight into electricity and heat simultaneously. The overall efficiency of these 

systems is higher than the efficiencies of PV panels and solar collectors together. In Albania energy production from photovoltaic systems 

has been promoted in the recent years. Albania’s Mediterranean climate conditions are very favourable for investment in renewable energy 

systems. In this study a stand-alone 280 W PV-T panel is considered with respect to thermal analysis of the system. The panel is installed at 

the terrace of the building University in Tirana, Albania. The aim of this work is to present the temperature profile of the panel, since there is 

a correlation between efficiency and temperature. In order to analyse the temperature distribution on the panel surface a series of 

experiments are carried out. Temperature variation vs. time for different water flow rate was performed. The inlet and outlet water 

temperature profile is drawn in this article.  

Keywords: PV-T, EXPERIMENTAL, ANALYSIS, TEMPERATURE, WATER FLOW RATE. 

 

1. Introduction 

A photovoltaic/ thermal system (PV-T) is a device that generates 

heat and electricity simultaneously, from a combined photovoltaic 

cell with a solar thermal collector. Studies have showed that PV 

panels absorb up to 80% of the solar irradiation, however, with 

current technology development approximately 20% of the solar 

energy is converted into electricity. The difference is converted into 

heat. On sunny days PV laminates can reach very high temperatures 

up to 35oC above ambient temperature [1]. In PV-T panels this heat 

could be extracted from PV panel and may result useful for use in 

the building. It can be used for space heating and hot water 

production to contribute on the building energy supply.   Thanks to 

its geographical position Albania has a high development potential 

to develop and exploit renewable resources. According to National 

Agency of Natural Resources Albania receives a level of solar 

radiation of more than 1 500 kWh/m2/yr, within a range of 1 185 to 

1 690 kWh/m2/yr. The average of daily solar radiation is near 

4.1kWh/m2 changing from a minimum of 3.2kWh/m2 in the 

Northeast up to a maximum of 4.6kWh/m2 in the South-Western 

[2]. However, vendor and foreign investment on photovoltaic 

systems still remain in modest values. With the new feed-in tariffs 

set by the government it is expected a significant increase in this 

sector of renewable energies. Albania’s energy system is actually 

totally depended on hydropower, therefore energy system 

diversification remains priority. Another important factor is the 

increase of heating demand by consumers in the residential sector. 

Application of PV-T systems will reduce dependence on 

hydropower and other forms of heat generation, such as wood, gas 

and electricity. On the other hand the hybrid combination of 

photovoltaic and thermal collectors results profitable based on the 

following data collection:  

 According to [3] the total efficiency per unit area of a PV-

T panel is higher than the sum of the efficiencies of 

individually PV panels and thermal collectors. 

 For Mediterranean climate the energy payback of a PV-T 

system would be 2 years, whereas under equal climate 

conditions it would be 3.4 for PV system and 4.3 for a 

thermal collector.  

 Also from [1] results that the economic payback for these 

systems were reduced to 6-10 years, under the same 

climate conditions. 

As all energy systems the PVT panels are characterized by the total 

efficiency, electrical efficiency and/or thermal efficiency. Many 

studies [4] meanwhile have investigated the effect of PV cell 

temperature on the electrical efficiency. It was found that the 

reduction of PV cell temperature would influence the electrical 

efficiency increase [5]. As working fluid to cool down the PV 

panels is used air and water. The heat extracted from the PV panels 

by air and water is used for domestic hot water supply.  

2. System description  

The experimental investigation was carried out at Polytechnic 

University of Tirana building.  The PV-T system is installed at the 

terrace of the building and a view of the panel is shown in Fig. 1.  

        

Fig.1 a) Actual setup of the PV-T system b) inverter installation 

in the control room  

The characteristics of the P-T panel according to the 

manufacturer are described in details below in Table 1. For the 

selection of PVT manufacturer no price factor were taken into 

consideration.  

Table 1: PV-T parametric characteristics  

Technical Data Value  

Sizing  828x1601x90 (mm) 

Area 1.3 m2 

Net weight  24.4 kg 

Liquid volume  1.21 L 

Module Mono-crystalline  

Capacity  280 W 

Operating pressure  10 Bar 

Covering PV Glass 

Highest temperature <110oC 

Efficiency  90% <10 years 

 

 
 Fig. 2 The schematic diagram of PV-T panel 

The system is made up of these components: 1) PV-T panel; 2) 

pump; 3) 3-way valve; 4) flow-meter; 5) temperature sensors 6) 

hoot water tank. The PV-T panel is grid connected via converter 
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presented in the figure above. The extracted heat from the PV-T 

system is collected in a 300 liters hot water tank. In Fig.2 is 

presented the schematic diagram of the PV thermal system. The 

temperature sensor position are marked by the following order. 

B2/A1 is the inlet water temperature in the panel, whereas B1/A1 

measures the outlet water temperature from the panel. B3/A1 is the 

water temperature entering the hot water tank. PV cell temperature 

is measured through temperature sensors positioned as in Fig.2 

corresponding to B1/A2, B2/A2, B3/A2 and B4/A2. For the current 

research study it is reflected that 4 temperature points should be 

considered sufficient. The water flow entering the PV-T module 

was regulated by a control valve. The simulations and result were 

controlled by a control panel placed in the laboratory and timely 

adjusted.  

3. Experimental results  

The testing are carried out at the laboratory of Polytechnic 

University of Tirana. Since temperature of the PV surface has a 

significant impact on panel efficiency, we were focused on thermal 

behavior of the panel. The experimental investigation of PV-T panel 

includes a series of measurements with respect to temperature of the 

panel. The real time results were obtained during the 24-hour 

regime. However, in order to shorten the results processing time the 

measurements were extended to 5 days during the summer hot 

weather. Thus, experimental investigation on temperature variation 

is limited in time from 9:00 to 23:59. In Fig.3 is shown the 

temperature distribution of the PV cell to fixed mass water flow 

rate, 120 l/h.  
 

20

25

30

35

40

45

50

55

60

65

70

9
:1
1
:5
3

9
:4
2
:0
5

1
0
:1
2
:1
7

1
0
:4
2
:2
9

1
1
:1
2
:4
1

1
1
:4
2
:5
3

1
2
:1
3
:1
1

1
2
:4
3
:2
3

1
3
:1
3
:4
2

1
3
:4
3
:5
4

1
4
:1
4
:0
5

1
4
:4
4
:1
7

1
5
:1
4
:2
9

1
5
:4
4
:4
1

1
6
:1
5
:0
6

1
6
:4
5
:1
8

1
7
:1
5
:3
7

1
7
:4
5
:4
8

1
8
:1
6
:0
0

1
8
:4
6
:2
5

1
9
:1
6
:3
7

1
9
:4
6
:4
9

2
0
:1
7
:0
1

2
0
:4
7
:1
3

2
1
:1
7
:3
8

2
1
:4
7
:5
7

2
2
:1
8
:0
9

2
2
:4
8
:2
7

2
3
:1
8
:3
9

2
3
:4
8
:5
1

Water flow 120 l/h

B1/A2ｰC B2/A2ｰC

B3/A2ｰC B4/A2ｰC

 

Fig.3 Temperature variation for 120 l/h cooling water flow vs. time  

For the first attempt the water flow rate was fixed to 120 l/h. As 

shown in the figure above the temperatures of PV cell slightly 

increase in the morning. The maximum is reached in B2/A2 

measuring 65.5oC at 14:54. During morning and at noon the 

temperature fluctuations are more present, thereafter the 

temperatures of PV surface fall gradually for the rest of the day.  

This happened due to a strong solar irradiation in the morning and a 

weak one in the afternoon. Another important detail we can 

distinguish from the results is the significant difference between 

temperature sensor B1/A2 and measured temperature at sensor 

B2/A2. Similarly, the results presented in Fig.4 to Fig.7 give a 

better understanding of temperature variation vs.time. In this case, 

mass flow rate varies in accordance to 50 l/h, 60 l/h, 70 l/h and 80 

l/h. In this study the effect of cooling water flow rate to PV-T 

temperature distribution was analyzed with respect to thermal 

investigation of the panel. From the results it is interesting to 

remark that no temperature higher than 65.5oC was reached during 

the experiment. The output results shown on the graph give the field 

of temperatures on the surface of panel. It has been observed that 

temperature has a considerable impact on overall efficiency of the 

PV-T panel. The effect of mass flow rate to temperature will help to 

design improvements of these system, as well heat transfer analysis 

from PV cell to cooling fluid. Another key factor is the electrical 

output of the PV-T system, however this issue does not refer to this 

study.  
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Fig.4 Temperature variation vs. time for 50l/h water flow rate 
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Fig.5 Temperature distribution vs. time for 80 l/h mass flow 
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Fig.6 Variation of temperature for 70l/h mass flow rate 
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Fig.7 Variation of temperature for 60l/h mass flow rate 

From the experimental setup of the panel inlet and outlet water 

temperature has been investigated. The output result were 

performed during the same time period from 9:00 to 23:59 in five 
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different days of the summer season. The sensors for measurement 

were identified as B2/A1 for inlet water temperature and B1/A1 for 

outlet water temperature. The results output are given below in 

Fig.8 and Fig.9.  

 

Fig.8 The effect of inlet water temperature vs. time for different 

flows 
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Fig. 9 Outlet water temperature distribution vs. time 

For each measurement we may identify the temperature difference 

and heat extract by water flow in the panel. For example, for 60l/h 

mass water flow regime, the maximum temperature difference in 

the panel is Δt=6.5oC. As it is expected the highest values of 

temperature difference is reached at noon, when the solar irradiation 

is very high. The cooling water temperature difference is necessary 

in order to calculate the heat extracted from the panel. Heat output 

from the panel is a preliminary condition for the overall efficiency 

performance of PV-T system.   

4. Conclusion  

A photovoltaic thermal panel was the object of this 

experimental study. The system is installed at Polytechnic 

University of Tirana. A short description of the importance of PV-T 

systems for the Albanian conditions was introduced in this article. 

Albanian climate is a key factor for the implementation of these 

systems. It would supply electricity and heat simultaneously. 

Therefore, despite well-known obstacles it is expected an increase 

of renewables contribution to tale energy consumption in the 

country. The PV-T system capacity was 280W and all the technical 

data of the panel were described in detail. The experimental 

investigation consists on thermal analysis and measurement of PV-

T surface temperature, since it has a direct impact on panel 

efficiency. The temperature profile distribution of the panel vs. time 

was performed. The experiment was carried out with five different 

mass water flow. The results depict the field temperature of the PV-

T panel under climate conditions of the country. Another output of 

the experiment were the inlet and outlet water temperature profile 

measured in time. A maximum of Δt=6.5oC was reached for the 

60l/h flow rate at 12.02. The effect of temperature on electrical 

and/or overall efficiency of the panel will be subject of another 

work in this field.  
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Abstract: This paper discusses a case of implementing Industry 4.0 solutions with existing legacy informational system in cement-producing 

factory. One of the main reasons the company wants to keep its existing ERP solution is because is too complex and cannot be ported to a 

contemporary computer architecture. The plant also needs to automate and modernize the process of loading their products, but the 

company management does not want to invest in modern computer servers and a new ERP system. That’s why they decided to implement a 

hybrid solution – a modern Industry 4.0 IoT devices with .NET client application using the existing legacy DEC Alpha as a server. Here, the 

required technologies used for developing that software solution are overviewed and all parts of the software solution are described. Finally, 

the benefits and effectiveness of such a hybrid software solution are shown. 

Keywords: Industry 4.0, IoT, RDB, ODBC, VAX, Alpha, ERP, OpenVMS, .NET 

 

1. Introduction 

When computers started to be used in Industry 3.0, it was a big 

and hard change thanks to the addition of an entirely new 

technology. Now, when Industry 4.0 is implemented, computers are 

networked and ultimately make decisions without human 

involvement. A combination of cyber-physical systems, the Internet 

of Things and the Internet of Systems make smart factory a reality. 

As a result - smart machines that are getting smarter as they get 

access to more data, our factories will become more efficient and 

productive. At the end, the network of these machines creates and 

share information that results in the true power of Industry 4.0. 

Legacy computer systems are socio-technical computer systems. 

The arrangement of their components – hardware, software, data 

and business processes – directly affect the established policies and 

functioning of the organization. Any change to any part of the 

system affects the overall functioning of the system. The costs of 

change and the danger of losing crucial data are often reasons why 

organizations decide that the only remaining option is upgrading 

and partial modernization. In this article we will show how Industry 

4.0 solution was implemented in a cement-producing factory that 

wants to perform an automation and modernization process of 

loading their products and does not want to replace existing legacy 

systems. The reason for this is because of its performance in the 

daily operation of the plant. The system cannot be easily replaced 

because of the application which allows for the operation of the 

plant – it is an ERP system made for a DEC Alpha system. Also, 

financial terms or costs associated with the introduction of a new 

modern computer system with a new ERP system should also be 

taken into account. That is why the company opted for a hybrid 

solution: using the existing legacy system's DEC Alpha as server 

and implementing IoT devices and with modern .NET client 

applications running on PCs with integrated touch screens [1]. The 

application is built according to strict company requirements 

considering tools and technologies, where .NET is the only allowed 

programming technology. Cloud SaaS (software as a service) is also 

excluded because this application should work without an Internet 

connection. Also, there is a limitation to which Oracle instruments 

can be used because they are not supported on a legacy RDB 

database. 

2. Definition of a legacy systems 

Before we talk about the specifics of legacy systems in the 

context of computer technology, we should primarily define the 

idea what the term means. In general, it is about computer systems, 

programming languages or software used versus upgraded versions 

available. Also, the term could be correlated with processes that are 

more applicable in contemporary contexts. In theory there is no 

reason why a company or organization would not keep pace with 

the latest technological innovations but in practice very often these 

same companies have legacy systems. The problem here arises in 

compatibility and lack of security support [2]. 

We can conclude that legacy computer systems are essentially 

designed for the purposes and needs of organizations that operate 

for a longer period of time. These include systems designed many 

years ago but due to their age are not able to implement and use 

new technologies. But these systems are very important because 

they are still crucial for the functioning of many business 

organizations [3]. 

Even small changes to any part of the system can lead to a range 

of changes in the other components. Therefore, decisions relating to 

it are not always governed by objective criteria, but engineering is 

in direct correlation with organizational strategies and policies. 

Here we will present the specifics of each component separately as 

follows: 

• System hardware - in many cases the systems are designed for 

hardware that is not in use, and therefore they are expensive to 

maintain which in turn may not be appropriate in terms of 

organizational IT plans and cost estimates. 

• Software support - legacy systems can rely on a variety of 

software support of the operating system and tools offered by 

manufacturers of hardware compilers used for system development. 

• Application software - an application system that provides 

business services and usually consists of several separate programs 

that have been developed at different times. Sometimes the term 

refers to the legacy application software system instead of the 

system as a whole. 

• Application data - are actually the data processed by the 

application system. Some systems over time accumulated vast 

amounts of data that are often going to be replicated in different 

folders. 

• Business processes - the processes that are used within the 

operation to reach business goals. An example of such a business is 

with insurance policies in an insurance company, or the policies of 

receiving and processing orders in a factory. 

• Business policies - rules with which a business should be 

accomplished and done. Such rules are very important factors in the 

functioning of the legacy system [4]. 

3. Significant role of the legacy systems in the 

companies 

Despite recent technological innovations that offer great 

advantages and benefits for functioning, many companies still use 

outdated systems. There are several reasons for this but the most 

frequent are the risks and costs of the system to change. There is a 

danger that the change might be unsuccessful, which would 

indirectly have a negative impact on the credibility of the IT sector 

and the careers of responsible managers. 
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The transition time and testing of the new system versus a stable 

platform which already operates is a dilemma with which 

companies are confronted. So, if something is already operational 

and performs the necessary functions there is almost no reason for a 

change. Stability without turbulent changes acts as a more attractive 

option for the management. That is why some companies usually 

decide to modernize rather than replace their platforms. Those who 

decide to modernize for example take advantage of XML-based 

Web services, middleware and portal technologies work 

environments that enable them to maximize the operating systems 

from the early eighties, such as VMS, AS / 400 and UNIX. At the 

same time, integrating the operating systems of different areas is not 

as difficult as before. Tools like IBM WebSphereMQ message 

broker can serve 50 operating systems, providing a simple way of 

conveying messages between applications running incompatible 

operating systems. Also, a problem for the change is safety. At the 

most basic level, password protocols can lead to a difficult change. 

Maintaining the security of a legacy system can be quite difficult 

because the user cannot expect automatic protection from new 

threats and dangers [5]. 

 

4. Technologies used for the software solution 

Oracle RDB database 
 

Oracle RDB is a relational database management system that is 

used in mission-critical applications on OpenVMS platform [6]. 

Some of its advantages are: 

• Big performance delivery of real-time data; 

• Extreme reliability, enabling security and constant 

availability of the database; 

• Extremely high-availability – requirements for planned 

maintenance are minimal; 

• Easy sustainability; 

• Low cost. 

Oracle SQL/Services for OpenVMS Alpha 

A client-server system, in its simplest form, consists of client, 

network, and server system. The client is a software program that 

uses an application programming interface (API) to access and to 

make requests to the server. The client can be on the same platform 

as the server. Usually, the client application is running on a 

workstation or computer and is accessing the database of large 

server platforms using the network that supports multiple transport 

protocols. Oracle SQL / Services is a collection of cooperative 

processes on a node that includes a process dispatcher and a 

container of executive processes acting on behalf of the service.  

A dispatch process takes care of network communication 

between the client and the server. It reads customer requirements, 

arranges them in rows of these requirements for executive 

processes, and returns responses from these processes back to the 

client. An executive process runs on behalf of the Service, accepts 

the customer requirements from among the dispatcher calls the 

mechanism of database processing of those requests, and returns the 

results back to the dispatcher. The service is a set of attributes that 

describes how clients access the database [7]. 

 

 

Fig. 1. Oracle SQL / Services - Client / Server Architecture [8] 

 

Oracle ODBC Driver for RDB  

ows 

applications that implement Microsoft Open Database Connectivity 

(ODBC) API way to read and write data to Oracle RDB databases 

and databases available through Oracle DB Integrator family of 

gateways. The Oracle ODBC Driver for RDB distribution kit 

includes clients necessary to allow access to the Oracle RDB ODBC 

enabled applications regardless of the programming language [8]. 

 

ADO.NET is a set of software components that developers can 

use to access data and data services on the basis of datasets and 

XML files. It is a part of the library of base classes that is included 

in the Microsoft .NET Framework. It is commonly used by 

programmers to access and modify data stored in relational database 

systems, but data in non-relational sources can also be accessed. 

It provides consistent access to data sources such as SQL Server 

and XML, and data sources exposed through OLE DB and ODBC. 

User applications use ADO.NET to connect and search, process and 

update the content in these data sources. ADO. NET separates data 

access from manipulating them into discrete components that can be 

used separately or as a group. It enables .NET Framework data 

providers to connect to the database, execute commands, and 

retrieve results [9]. 

5. Architecture of the software solution 

The database which the software solution accesses is the 

existing Oracle RDB installed on the DEC Alpha Server on 

OpenVMS with predefined tables that are already in use by the 

legacy application. This will ensure consistency and continuity in 

the work. A legacy software solution will be used until new 

modules are activated. It will also provide a migration test period 

when both the old and the new software operate in parallel. Thus, 

with the testing of the application and the correction of errors, the 

process of loading will be functioning unhindered. On each 

computer that will be installed on the stated positions, an Oracle 

RDB ODBC driver will be installed, which will provide the link 

between the software solution and the database. The software 

solution will be programmed in the ASP.NET 4.5 technology. 

Using the ODBC driver allows for the most modern access to the 

database and ability to use all the tools and features that Microsoft 

Visual Studio provides. Thus, the same functionality is obtained 

from Oracle RDB as a legacy database, compared to more modern 

databases such as: Microsoft SQL Server, Oracle, PostgreSQL, SAP 

HANA and others. 

 

 
 

Fig. 2. Schematic representation of the communication between 

Oracle RDB and client .NET application 

 

6. Overview and segments of the Industry 4.0 

solution 

The purpose of the system is to allow entry of trucks, loading and 

output with minimal or no impact on human resources. The goal is 

to eliminate the human factor and the possibility of making 

mistakes and mismanagement. The entire implementation is divided 

into several segments, in order to identify the necessary resources, 

the system needs for a location, to allow for greater independence of 
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the system from one location to another, and to enable parallel 

implementation of all locations in the facility that are components 

of this system. All positions use Windows 10 touch PC’s. 

 

 
 

Fig. 3. Segments and flow of the software solution 

 

 

Position 1: Identification of entry, selecting order, object entry 

 

With the implementation of the system, each company will be 

awarded a certain number of RFID tags for identification of orders. 

In issuing the order, the tag will bind with the order number and 

represent the identification order. Tags generally will be provided to 

companies and/or a tag is associated with a driver. 

When registering, the driver may be shown more than one option. 

Namely, if the tag is associated with several orders, the driver sees 

all of them and he selects one of the orders and confirms. 

 

 
Fig. 4. Cabinet and touch pc / driver operation 

 

In case that a need arises for a confirmed order to be deregistered 

and changed to a new order, the process can only be done in the 

sales department and as long as the truck is not on a measurement 

platform. If the truck is already measured, then the order can be 

reversed or loading can be continued with. 

If the first confirmed order is for а packed article, then the driver 

can select other orders as well, but only if it is for a packaged 

article, the same driver, the same registration, and as long as the 

sum of the average truck weight and confirmed orders is less than 

40 tons. The average truck weight is based on the history of 

previous entry weights for the truck, but if the truck enters the plant 

for the first time, then the average weight is determined as its 

carrying capacity taken from the driving license. Data from the 

driving license for a truck are entered when the process of 

registration of the driver and truck by the Sales Department. It will 

also allow the average weight to register at entry scales as a 

combination of a tractor and trailer. If the truck is out of the factory 

for less than 30 minutes, then there is no possibility to apply for a 

new order. At the end of a successful pro-cess, the driver drives to 

position 2. 

 

 

 

 

Position 2: Measurement of empty weight, printing an entry receipt 

 

After the truck is stopped, the driver is identified with an RFID tag. 

Before taking the measurement, several series of programming 

inspections (such as types of items etc.) must be performed. 

Once the weight is measured, a series of program checks are 

performed. If all checks pass, the entry receipt is printed and the 

truck can continue towards position 3. If one of the tests does not 

pass then the display shows the relevant message. 

 

 
Fig. 5. Zebra thermal receipt printers [10] 

 

Position 3: Loading of materials  

 

Loading of materials will be performed in the facilities that are 

designed for the specified material.  

For bulk material 

 

After positioning the truck on a scale, the driver gets identified with 

the RFID tag and checks that the truck is positioned in the right 

place. After successful identification, communication is established 

with a PLC computer via a web service (application). The PLC 

computer and the software solution exchange messages to control 

the loading process. If the checks are successful, then the PLC 

computer will start the loading process. After the completion of the 

loading, the truck can head for position 4. 

 

 
Fig. 6. Unistream PLC  [11] 

 

For packed material 

 

Once the truck arrives at the warehouse, the driver is identified 

with an RFID tag. An RFID tag is attached to a suitable place where 

the truck can easily be identified. After identification and 

verification, the operator can see on the screen how many pallets 

have to be loaded and what kind of material. After the completion 

of the loading process, the truck can head for position 4. 

 

Position 4. Measurement of a loaded truck, invoice printing 

 

After the truck stops on the output scale, the driver gets 

identified (using the RFID tag) and takes a measurement. If all 

checks are successfully completed, then the printer automatically 

prints three invoices – two invoices remain for the plant, one 

invoice goes to the driver. 

After the invoices are taken at the truck exit stop, a series of 

program checks are made and, if all the checks pass successfully, 

then the ramp is raised and the truck can leave the facility. 
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Fig. 7.  A driver takes an invoice 

 

Conclusion 

The implementation of this software solution improves the 

efficiency of repetitive processes and reduces the need for manual 

data entry. An additional benefit is the reduction of the cost of the 

whole process - eliminating the labour required to manually 

perform all stages of loading the goods. The implementation of this 

software solution speeds up the process of entry, exit and loading 

trucks. From this we can conclude that the automation of manual 

processes with modern soft-ware and technical systems all linked 

together in the ERP system have substantial benefits for the 

company.  

It can be concluded that the use of legacy systems is still possible 

and efficient. They are fully able to perform all duties associated 

with the functioning of companies and thereby can be effectively 

used as a server allowing an operation of new and advanced client 

applications. Old and new can work in a functional symbiosis. 
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1. Introduction 

The aim of this paper is to discuss the contemporary 

engineering and scientific software systems and to chouse the 

appropriate for investigating the mechanical and electrical 

dynamical behavior of piezoelectric beams. 

The development of extremely low power electronics and 

wireless systems has led to a strong interest in the fields of energy 

harvesting and development of miniature generators. Typically, 

these devices are used to power sensors and wireless 

communication systems, enabling standalone wireless sensors that 

are cheap to deploy. 

In the area of the mechanical structure vibrations investigations 

and the multiphysics simulations, four software systems have the 

lead positions. These are: ABAQUS, COMSOL, SOLIDWORKS, 

and MATLAB. The software system MATLAB is a system for 

“computer aided mathematics” and “matrix laboratory”, but in fact 

this software system is often used from scientist and engineers to 

solve mathematical models that describes problems in the area of 

the mechanical structure vibrations and the multiphysics 

simulations. 

The major components of the energy harvester are: a 

piezoelectric bimorph, a proof mass and, a supporting structure. The 

piezoelectric bimorph usually consists from a ground electrode 

embedded within it (coincident with the neutral plane of the beam) 

and two electrodes on the exterior surfaces of the cantilever beam – 

Fig. 1 [6]. 

 

 

Fig. 1. Kinds of bimorph layers 

 

As it is of utmost importance to enable users to apply developed 

numerical tools in modeling and simulation, the investigation 

presented in [2] addresses ABAQUS implementation of the recently 

developed piezoelectric 3-node shell element. Similar works were 

already reported in available literature [1, 3, 4]. In what follows, the 

most important aspects of the element development are briefly 

presented together with the results of several test cases computed by 

using the element implemented in Abaqus. 

In [5], a simple cantilever piezoelectric beam is modeled trough 

MATLAB ang Partial Deferential Equation Toolbox – Fig. 2. Then, 

the free vibrations are studied. 

 

Fig. 2. Simple piezo beam in MATLAB 

2. Basic piezo beam in COMSOL 

The COMSOL Multiphysics software enables the simulation of 

designs involving coupled physics (mechanics, electromechanics, 

acoustics, fluid flow, heat transfer, chemical reactions, etc.) and the 

creation of easy-to-use apps. COMSOL Multiphysics and 

SOLIDWORKS software interface via LiveLink for SOLIDWORKS 

– Fig. 3.  

 

Fig. 3. The beam investigated in the COMSOL Multiphysics software  

 

Also, COMSOL Multiphysics is a simulation platform that 

encompasses all of the steps in the modeling workflow - from 

defining geometries, material properties, and the physics that 

describe specific phenomena to solving and postprocessing models 

for producing accurate and trustworthy results. These are the 

reasons why COSMOL was chosen for this study. Two supporting 

schemes are used – Fig. 4. 

 

Fig. 4. Simple piezo beam 
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Firstly, a static study is conducted and the beam deflection is 

obtained. Also, the proof mass displacement is calculated – Fig. 5 

and Fig. 6. 

 

Fig. 5. The proof mass static displacement plot 

 

 

Fig. 6. The proof mass dynamic displacement plot 

 

An eigenvalue study is performed and the natural frequencies 

and shapes are obtained – Fig. 7 and Fig. 8. One can see that the 

first natural frequency has a value of 80.6 Hz and the corresponding 

natural shape has one node. The second natural frequency is 903.8 

Hz and their natural shape has two nodes. 

 

 
Fig. 7. The firs and second natural shapes of incestigated piezo beam 

 

 
 

Fig. 8. The third and four natural shapes of incestigated piezo beam 

 

3. Conclusions 

A simple piezoelectric beam is modelled in COMSOL 

Multiphysics software and a static study is conducted. After that, an 

eigenvalue analysis is performed and the first four natural 

frequencies and shapes are obtained. 

It is planed the investigation to be continued with a frequency 

response analysis and a time dependent analysis. They will provide 

information about the mechanical and electrical vibration behavior 

of the beam. 
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Abstract: The Internet of Things (IoT) concept is evolving rapidly and influencing new developments in various application domains, 

such as the Internet of Mobile Things (IoMT), Autonomous Internet of Things (A-IoT), Autonomous Sys-tem of Things (ASoT), Internet of 

Autonomous Things (IoAT), Internet of Things Clouds (IoT-C) and the Internet of Robotic Things (IoRT) etc. that are progressing/advancing 

by using IoT technology. Artificial intelligence (AI), robotics, machine learning, and swarm technologies will provide the next phase of 

development of IoT applications. In this paper, the areas of application of internets of robotics things are given. 
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1. Introduction 

Robotic system has brought tremendous changes in various 

socio-economical aspects of human society during the past decades. 

In the last few years, the need for an improvement of quality of 

human life has led to more and more production models of 

personalized and digital services. 

Artificial intelligence (AI), robotics, machine learning, and 

swarm technologies will provide the next phase of development of 

IoT applications. 

Robotics systems traditionally provide the programmable 

dimension to machines designed to be involved in labour intensive 

and repetitive work, as well as a rich set of technologies to make 

these machines sense their environment and act upon it, while 

artificial intelligence and machine learning allow/empower these 

machines to function using decision making and learning algorithms 

instead of programming. The combination of these scientific 

disciplines opens the developments of autonomous programmable 

systems, combining robotics and machine learning for designing 

robotic systems to be autonomous [1]. 

Smart services are becoming increasingly fundamental with the 

growth of the fourth stage of industrialization, also addressed as 

Industry 4.0, where new disruptive technologies are changing both 

industrial and research fields. 

The use of communication-centered robots using wireless 

communication and connectivity with sensors and other network 

resources has been a growing and converging trend in robotics. A 

connected or networked robot is a robotic device connected to a 

communications network such as the Internet or LAN. The network 

could be wired or wireless, and based on any of a variety of 

protocols such as TCP, UDP, or 802.11. Many new applications are 

now being developed ranging from automation to exploration. IEEE 

Society of Robotics and Automations Technical Committee on 

Networked Robots  defines two subclasses of networked robots: 

 Tele-operated robots, where human supervisors send 

commands and receive feedback via the network. Such 

systems support research, education, and public awareness by 

making valuable resources accessible to broad audiences. 

 Autonomous robots, where robots and sensors exchange data 

via the network with minimum human intervention. In such 

systems, the sensor network extends the effective sensing 

range of the robots, allowing them to communicate with each 

other over long distances to coordinate their activity. 

Networked robots require wireless networks for sharing data 

among multiple robots, and to communicate with other, more 

powerful workstations used for computationally expensive and 

offline processing such as the creation of globally consistent maps 

of the robots environment. This connectivity has strong implications 

for the sharing of tasks among robots, e.g. allowing teleoperation, as 

well as for human-robot interaction (HRI) and for on-the-fly 

reprogramming and adaptation of the robots on the network. The 

evolution of these systems has now reached the consumer market, 

for instance, to support remote meetings and as telepresence health-

care tools. Cloud robotic systems have also emerged, to overcome 

the limitations of networked robotics through the provision of 

elastic resources from cloud infrastructure, and to exploit shared 

knowledge repositories over the Internet, making robots able to 

share information and learn from each other [2]. 

The IoT technologies and applications are bringing fundamental 

changes in individuals and society’s view of how technology and 

business work in the world. Citizen centric IoT open environments 

require tackling new techno-logical trends and challenges. 

The concept of IoRT goes beyond networked and 

collaborative/cloud robotics and integrates heterogenous intelligent 

devices into a distributed architecture of platforms operating both in 

the cloud and at the edge. IoRT addresses the many ways IoT today 

technologies and robotic devices convergence to provide advanced 

robotic capabilities, enabling aggregated IoT functionality along 

with novel applications, and by extension, new business, and 

investment opportunities not only in industrial domains but in 

almost every sector where robotic assistance and IoT technology 

and applications can be imagined (home, city, buildings, 

infrastructures, health, etc.) [3]. 

IoRT represents the core of robotics-embedded IoT systems, 

where cloud computing and networking can be implemented to 

accomplish elaborated tasks, allowing robots to share, network, and 

gather different kinds of information among both humans and 

machines. A scheme of robotics, cloud computing, and IoT 

integration can be observed in Figure 1. 

 

  

Fig. 1 Internet of Robotic Things. 

 

Internet of Robotic Things definition: A global infrastructure 

for the information society enabling advanced robotic services by 

interconnecting robotic things based on, existing and evolving, 

interoperable information and communication technologies where 

cloud computing, cloud storage, and other existing Internet 
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technologies are centered around the benefits of the converged 

cloud infrastructure and shared services that allows robots to take 

benefit from the powerful computational, storage, and communi-

cations resources of modern data centers attached with the clouds, 

while removing overheads for maintenance and updates, and 

enhancing independence on the custom cloud based middleware 

platforms, entailing additional power requirements which may 

reduce the operating duration and constrain robot mobility by 

covering cloud data transfer rates to offload tasks without hard real 

time requirements [3]. 

2. Internet of Robotic Things Architecture 

 

The key architecture of the IoRT systems, as depicted in Figure 

2, consists of three main layers:  

1. Physical layer,  

2. Network and Control layer, and  

3. Service and Application layer. 

 

Fig. 2 Internet of Robotic Things Architecture 

 

The Physical layer represents the lowest level of the IoRT 

architecture, which includes robots, sensors, and actuators. 

Generally speaking, the word robot refers to vehicle, drones, 

unmanned vessels, and so on. The words sensor and actuator, on the 

other hand, refer to any kind of system used to perceive and act in 

the environment, respectively, considering a wide set of systems 

ranging from home appliances to industrial sensors. Robots 

cooperate to develop multi-robot systems, which integrates multiple 

agents operating in the same environment [4]. 

The second layer of the IoRT architecture includes controllers, 

routers, servers, and various communication and control protocols. 

The Service and Application layer represents the top level of the 

IoRT architecture, which includes the implementation of programs 

in order to control, process, and analyze both environmental 

parameters and agents (robots, sensors, and actuators) in smart 

environments. 

 

3. Internet of Robotic Things Applications 

 

Patents for robotics and autonomous systems have swelled in 

the last decade. It is estimated that more than $67 billion will be 

spent world-wide in the robotics sector by 2025, compared to only 

$11 billion in 2005, reaching the compound annual growth rate 

(CAGR) of 9%. Besides robots employed in industry and factory 

automation, service robotics for use in domestic, personal, and 

healthcare settings is the fastest growing sector. Research interest in 

service robotics for assistance and wellbeing has grown during the 

last few decades, particularly as consequence of demographic 

changes. Maintaining a healthy lifestyle and trying to achieve a 

state of well-being helps to improve life conditions and increase its 

durability. Service robotics could focus on early diagnosis and 

detection of risks, to develop prevention programs. Thus, it is 

possible to use robots to perform physical activity at home, or 

planning a proper nutrition program, based on the user’s needs. 

Personal wellbeing management robots can also provide services 

for people who are alone, or live isolated from their families. These 

robots can both detect physiological parameters and transmit them 

to the doctor in real time and interpret the emotional state of the 

user and interact accordingly [5]. Figure 4. illustrates the evolution 

of robots in different application areas. 

 

Fig. 3 Robots classification per application areas 

 

3.1. Predictive and Preventive Maintenance 

Machine maintenance for robots and IoT equipment is quite 

expensive because dedicated equipment is necessary to execute that. 

For instance, maintaining certain equipment may include a 

preventive maintenance checklist which includes small checks that 

can significantly extend service life. All this information needs to 

be processed by the maintenance robot in real time or at least in the 

few minutes before the maintenance is scheduled to assess the best 

conditions to perform the maintenance. 

The primary goal of maintenance is to reduce or mitigate the 

consequences of failure of the devices and the systems associated in 

their operation and or the equipment around them. IoRT not only 

look at preventing the failure before it occurs but ideally define 

planned maintenance schemes and conditions based on maintenance 

that will help to achieve certain levels of good operation. 

Figure 3. shows an example of a wireless mesh network for 

predictive maintenance. 
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Fig. 4 Example of a wireless mesh network for predictive 

maintenance. 

 

Maintenance includes preventive (partial or complete) 

overhauls at specified periods, as per example, cleaning, lubrication, 

oil changes, parts replacement, tune ups and adjustments, and so on. 

In addition, calibration can also be considered a part of the 

maintenance, workers usually record equipment deterioration so 

they know to replace or repair worn parts before they cause system 

failure. IoRT should take care of these conditions and even beyond 

that the ideal IoRT machine maintenance program would prevent 

any unnecessary and costly repairs [4]. 

 

3.2. Autonomous Manufacturing 

More than 1.4 million new industrial robots will be installed in 

factories around the world. While the acquisition costs for such 

robots are continuously decreasing, the costs for programming them 

for their specific tasks and environments are still very high. For the 

future, researchers are working on ways to reduce these costs for 

programming industrial robots, particularly, by making them more 

and more autonomous through increased intelligence [6]. 

A typical IoRT-based robotic manufacturing shop floor is 

shown in Figure 5. 

 

 

Fig. 5 IoRT-based robotic manufacturing. 

In this context of increasing autonomy, technologies such as 

IoT & cloud infrastructure can be used to collect, analyse and 

visualise real-time production performance indicators, usually to 

inform existing optimization processes, while results from multi-

agent systems, and adaptive middleware, can provide advanced 

suitable coordination and communication protocols to coordinate 

the operations of multiple robots. The ability of robots to interact 

and collaborate with human co-workers and ultimately learn from 

these co-workers on how to conduct a task will be crucial in the 

future. 

3.3. Autonomous Logistics, Delivery, e-commerce and   

Warehouse Automation 

The applications in warehouse robotics for IoRT come in 

response to the rise of e-commerce, where collaborative robots, 

work alongside human warehouse worker. Logistics firms can use 

collaborative robots should to ease some of the workforce 

shortages, and make the work less physically demanding (Figure 6). 

Delivery using self-driving robots is one typical application for 

IoRT with fleets of robots, which are designed to operate on the 

pedestrian side and make deliveries within 3-5 kms radius, carrying 

loads weighing as much as 10 kgs, at speeds of up to 8-10 km/h [7].  

 

Fig. 6 The inVia Robots application. 

 

The robotic fleets can be monitored remotely and standing by to 

drive the vehicles remotely if the robots encounter situations are not 

able to perform in autonomous driving mode. 

 

3.4. Autonomous Home Appliances, and Personal Robots 

Personal robots mainly refer to the consumer robotics industry 

and include solutions to provide services to individuals in personal 

and household applications. They are likely to be mass-produced 

and bought or leased by untrained, or minimally trained people in 

everyday unstructured environments. 

Domestic environments represent a major place to integrate new 

technology; several domestic service robots have been introduced as 

consumer products for the household chores, with a various 

portfolio of floor-cleaning robots, lawn-mowing robots, security 

robots, cat litter box robots, decluttering robots, etc. 

Aido is the next generation social family robot. Smart, 

interactive, and uniquely mobile, Aido is the first social robot that 

can move around your home/office to help improve lifestyle. He 

can play with kids, help with household chores, handle schedule, 

and keep home connected and safe (Figure 7) [8]. 

 

 

Fig. 7 Aido robot. 

 

Personal robots represent a new generation of robots that will 

safely act and interact in the real world of complex environments, 

and with relatively limited energy consumption and computational 

resources. 

 

3.5. Healthcare Assistants 

Combining IoT with AI and robotic components to deliver 

practical, modular, autonomous and self-adaptive IoRT systems has 

thus the potential to complement and improve the effectiveness of 
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existing care practices by providing automated, continuous 

assessment of users conditions and support both self-care and 

assistive services that can be constantly in tune with user's 

requirements. One example is the use of humanoid robots in the 

dementia ward of an elderly care home. Using wearables and 

environmental sensors, behavioural disturbances like shouting and 

wandering are detected and used as a trigger to send a robot to start 

a personal intervention to temporarily distract the resident. 

RIBA-II, the next generation Japanese healthcare robot 

developed by researchers at RIKEN and Tokai Rubber Industries 

(TRI), a Japanese government-run research body that surveyed 

nursing homes to find that lifting patients was the most tiring thing 

for workers, who carried that out on average 40 times every day 

(Figure 8) [9]. 

 

Fig. 8 Riba II robot. 

 

RIBA II robot will benefit healthcare workers as it can lift a 

patient of up to 80KG in weight from the floor or a bed and then it 

can move them to either a bed or a wheelchair. 

 

3.6. Cleaning and Inspection Appliances 

The IoRT application area with potential for further grow are 

the service robots for inspection, cleaning and maintenance. In these 

applications drones can be used in conjunction with sensors 

mounted on hard to reach places, such as wind turbines or high-

voltage transmission lines. Service fleets of robots are used in 

specific dangerous, monotonous or unreasonable jobs for humans. 

Examples are pipe inspections and cleaning, sewer system 

inspection that detects and map damage highly precisely and facade 

cleaning robots (Figure 9.) [10].  

  

Fig. 9 Cleaning and inspection robots. 

 

Other examples include autonomous robotic systems that enable 

safe and cost-effective underwater cleaning and inspection of bridge 

substructures. 

 

 

4. Conclusion 

 

Combination of Robotics, IoT and Artificial Intelligence results 

in robots with higher capability to perform more complex tasks, 

autonomously or cooperating with humans. With IoT platform, 

multiple robots can get easily interconnected between them and 

with objects and humans, facilitating the ability to transfer data to 

them without human to computer or human to human interaction. 

Reasoning capabilities coming from the use of machine learning, 

also exploiting cloud resources, for example, brings beneficial 

effects in terms of system efficiency and dependability, as well as 

safety for the user, and adaptive physical and behavioural human-

robot interaction/collaboration. 

Internet of Robotic Things allows robots or robotic systems to 

connect, share, and disseminate the distributed computation 

resources, business activities, context information, and 

environmental data with each other, and to access novel knowledge 

and specialized skills not learned by themselves, all under a hood of 

sophisticated architectural framework. This opens a new horizon in 

the domain of connected robotics that we believe shall lead to 

fascinating futuristic developments. 
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Abstract: Inefficient energy utilization is intolerable amongst ship operators and regulatory authorities, especially in the current era. When 

the condition of a ship’s hull and or propeller-s degrades, to maintain speed, there is a need for more power thus more fuel.  A byproduct of 

the increased fuel consumption is increased Green House Gas emissions that are strictly regulated by international authorities. In the 

present paper Ship Performance Monitor (SPM), monitoring software used to test hypotheses about ISO 19030 application to the industry. 

 

1. SPM Data logging 

The SPM software (Fuel and Power consumption from all major 

consumers on-board is accumulated, together with important inputs 

such as vessel speed, wind speed and direction, distance sailed, 

draft and trim. This data is presented in two major groups: Daily 

Data and Mode Data.) [7] can oversee and store enormous measure 

of information to make a dependable performance examination. For 

the performance examination, the SPM makes the performance 

perceptions consequently once a day, utilizing a similar 

arrangement of guidelines and separating. All the moment 

information determined each logging are separated and arrived at 

the midpoint of every day, giving a lot of dependable performance 

perceptions. Every performance perception point is put away in a 

database for further assessment. Moreover, all information focuses 

ought to be stockpiled supported up in a generally utilized 

arrangement for later handling. A viable answer for support up the 

information is to send the information all the time back to the 

proprietor for safe coastal capacity. The information from the 

sensors are not in every case enduring, to get reasonable and 

justifiable moment esteems for the administrators, the SPM are 

applying smoothing calculations to compute the normal of the 

information. Normally acknowledged, the logging recurrence is set 

to 15 s (logging time acknowledged by ISO 19030 Standard). The 

performance perceptions, contrasted and the gauge (structure 

information), will give the deviation point for those factors to be 

utilized in the measurable investigation. For the measurable 

investigation (long pattern assessment), it is built up as a solid 

recurrence of one performance perception for every day [2]. 

2. Performance reference baselines  

The SPM software plots the calculated performance observations 

on different graphs. These graphs are showing the deviation (in 

percentage) for the key performance indicators. However, to make 

these observations more useful, a reference base is used to compare 

them against. Some SPM software uses two different reference 

levels, one constant and one dynamic [2].  

3. Constant reference baselines 

These reference baselines are the data from the ship's design, and 

they are consistent for the total lifetime of the ship, except if the 

hull, propeller, or primary propulsion system experiences 

modifications. These baselines designate the 'zero dimension' in the 

measurable investigation [2].  

Steady reference standard for examination of speed deviation One 

reference level is the design data acquired from the model tank test. 

The data from the model tank test gives the theoretic connection 

between the power conveyed to the propeller and the ship's speed 

through the water for counterweight and design draft condition. The 

everyday normal of speed through the water (performance 

perception) looked at against this theoretic standard, gives a 

deviation in rate, utilized by the SPM programming. Since the speed 

deviation relies upon the ship's payload, the SPM will naturally 

insert the 'control versus speed' benchmark to any middle of the 

road draft esteems covering all payload potential outcomes. 

Subsequently, the speed deviation esteems every day considers the 

vessel mean draft, ship speed through the water and the power 

conveyed to propeller. Fig. 2 demonstrates a case of real data 

acquired from model tank report. 

 

4. Constant reference baseline for comparison of RPM 

deviation  

The reference curve used to calculate the deviation for the RPM is 

a function of the relation specified in the Propeller handbook: 

 

The propeller curve contains helpful data about the working 

purpose of the primary motor and the propeller.  

Consistent reference standard for correlation of Specific Fuel Rate 

(SFR) deviation This reference bend is acquired from the M/E 

workshop test report. The fuel type being used by the M/E impacts 

the computation of the SFR (g/kWh). There are a few fuel types 

installed with various low warming qualities (LHV) so the reference 

benchmark will be at one standard LHV. ISO suggests a LHV 

reference estimation of 42,700 kJ/kg [2]. 

5. Dynamic reference baselines 

Another reference level is the benchmark level, made with data 

gathered after conveyance as well as after any significant 

repair/docking of the ships. At whatever point a docking is done, 

the administrator must set another 'pattern occasion', and the system 

will naturally utilize the primary months to quantify and ascertain 

the current 'out-of-dock' condition. This new reference level 

(benchmark) is made by taking the normal of various day by day 

perceptions (for example 60-120 performance perceptions) 

beginning after a noteworthy occasion. These perceptions, sifted for 

terrible climate and moving mode (see area 3.4 beneath), will make 

up the new benchmark level to think about against for the current 

operational period until the following pattern occasion [2]. 

6. Filtering applied in the SPM software  

The SPM software is consequently making performance 

perceptions once a day. This requires setting some separating in the 

SPM programming to keep away from futile data to nullify the long 
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pattern investigation. The vessels are working in changing climate 

conditions, ocean flows, cruising modes (ordinary routes, moving, 

and so on.) and freight conditions (counterweight/loaded 

conditions). Because of these evolving conditions, the SPM 

programming must apply sifting calculations to dispose of data if 

there should be an occurrence of terrible climate condition (utilizing 

the Beaufort scale as reference) or unusual cruising mode. The 

performance perception is rejected for use in the factual 

investigation if the breeze force is over a certain Beaufort level 

(commonly level 6), or the primary motor burden is under 30 % 

MCR [3]. 

 

7. Definition of Statistical analysis applied by the SPM 

software 

Per definition, the statistical analysis refers to the methods used to 

process large amounts of data and report overall trends. Statistical 

analysis is particularly useful when dealing with noisy data [3]. 

8. Statistical analysis applied 

After the filtering algorithms, the software owns a new set of data, 

which the statistical analysis is applied. A new trend function on the 

form ‘f(x) = ax + b’ based on the filtered data points is plotted along 

with all the included data points as a solid line. The trend function is 

calculated from the data points using the linear regression model of 

least square fit, which is a common method in statistics to find a 

linear relationship between a set of data points [1]. 

9. Presentation of a vessel’s performance 

When the data is collected, filtered and analyzed, the next step is 

to display the vessel’s performance to the onboard crew and 

management in the office and there are numerous different 

approaches for doing this, some are straight forward, others more 

complex [1]. 

10. Instant performance indication 

One approach is to equip the wheelhouse with a dedicated 

instrument indicating if the agreed fuel consumption is exceeded or 

not. This can be a graphic indication of a target fuel oil 

consumption of 16 tons/day and be like the below example. This 

can work for example for bulk carriers, where the delivery timing is 

not so time critical, and therefore the vessel can transit in the best 

fuel-efficient speed [1]. 

 

11. Performance Trial Report  

A welcome feature of a SPM software is to get an instant 

performance report of the current situation. A Performance Trial of 

a certain period can give the crew and management a detailed report 

of the vessel’s performance under controlled conditions [4].  

Fig. 6 shows a Performance Trial done in good weather 

conditions and steady state sailing: 

 

12. Long trend performance indication 

The instant performance can be valuable but may be influenced 

by external factors like wind and current. However, a look at the 

long-term development of the vessels key performance values will 

statistically give you a more correct picture and with an automated 

data collection and filtering system in place as earlier described, a 

performance trend may start to evolve. This trend, shown as the 

percentage deviation from the design condition, will give the crew 

and owner a clear picture of the vessel’s performance today, shown 

against earlier performance and design conditions. The three most 

important areas of interest are: - Hull condition (Shaft Power vs. 

Ship speed through water) - Propeller condition (Shaft Power vs. 
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Shaft Rpm) - M/E Specific Fuel Rate (SFR vs. Shaft Power) Is the 

performance gradually decreasing, how much, and what does this 

imply in increased fuel oil consumption? Below are some examples 

of long trend performance indications available for the user [5]. 

As Figs. 7-9 clearly indicates, after the second docking the vessel 

has good performance even after 4 years of sailing. Thus, saving the 

owner a significantly amount of fuel oil and reduced emissions 

compared to the first period. Using traffic light color indications, 

Fig. 10 shows an LNG carrier with a yearly speed loss of more than 

4% (now in the red performance area) [6]. 

Over a period of only 2.5 years this vessel has developed a speed 

loss of 11.7% compared to ‘out-of-dock’ condition (benchmark 

level indicated by blue dotted line), with a theoretical increased fuel 

oil consumption as indicated in Fig. 11 as a result. 
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Abstract: Machine inspection is a mandatory technological process in industrial processing agriculture products. The camera detects color 

and shape based irregularities of the object resulting in a large number of parameters for decision-making and sorting product compliance. 

The goal was to discover a new criterion for decision-making using only the output signal of the RGB camera. Research employed the digital 

images of raspberries, blackberries, peas and yellow beans during real processing, obtained from a color sorter machine. The visual texture 

of the surface of the agricultural products was described via defined statistical indicators of color (color average value (Avg), standard 

deviation (Stdv), entropy (E), and lacunarity (L) was used from the sphere of image fractal analysis as one of the criteria. By applying the 

non-parametric tests: Wilcoxon signed rank and Friedman test, statistically significant difference was established for the L and Е criteria 

between compliant and non-compliant industrial products. 

Keywords: COLOR, AGRICULTURE PRODUCTS, SORTING, MACHINE VISION. 

 

1. Introduction 

The need to introduce automatic sorting of fruits and vegetables 

is becoming more and more pronounced in the world. For this 

purpose, various non-destructive methods of inspection of 

agricultural products in technological lines have been developed. 

One of them is machine vision, which is a promising control tool [1, 

2]. 

This type of inspection is based on the analysis and processing 

of images with multiple types of implementation in the agricultural 

industry. Inspection machines in industrial plants, color sorters, 

mainly rely on cameras, some on lasers, and some on a combination 

of cameras and lasers, as well as a combination of positions above 

or below the product being selected. The camera detects 

irregularities based on the color of the object, while the lasers are 

oriented to structural features and can detect insects, animal parts as 

well as stalks, stones, paper, plastic, metal and glass, even if they 

are the same color as the product of interest.  

In general, the external quality of fruits and vegetables is 

assessed mainly through physical characteristics: color, texture, 

size, shape and visual defects [3-5]. Willingness to buy food mostly 

depends on the sensory characteristics of the product, ie. mainly 

from the color that represents the subjective feeling of each 

consumer [6]. Color can be considered an indicator of freshness and 

ripeness of the fruit [7], as well as the texture, smell and taste [8, 9]. 

Descriptive parameters can be created through color parameters, 

and statistical measures are in most cases mean and standard 

deviation. These characteristics (properties, attributes) of 

agricultural products can be represented by numerous values, while 

statistical methods represent the basis for predicting and classifying 

sets of these values - data. Texture is the most suitable physical 

characteristic that can be interpreted through various statistical 

measures. 

Texture analysis can play an important role in identifying and 

segmenting defective objects when selecting agricultural products 

[9-11]. The main goal of this research was to find a new criterion by 

combining already used parameters in research conducted in this 

and other areas, based on which agricultural products could be 

distinguished, as well as to separate non-compliant products and 

foreign facilities from harmonized ones. One similar attempt at a 

general classification of agricultural and food products is presented 

in the paper [12]. At the microstructural level under the defined 

experimental conditions described in the paper, the authors were 

able to make a division of certain food products based on fractal 

dimension (FD) values. 

 

2. Materials and methods 

The input data used in the research are digital images of 

agricultural products taken with the Optyx3000 color sorter during 

industrial processing. The color sorting and inspection system is 

part of an automatic line for inspection and packaging with a 

capacity of 3 t/h, in the ITN Eko Povlen factory in Kosjeric. The 

system captures images measuring 1024x1024 pixels in RGB 

format, and the scanning speed is 4000 Hz. 

Based on the captured images, the machine recognizes 

compliant and detects non-compliant bio products. Non-compliant 

impurities include: wood, plastic, metal, glass, insects and animals 

or animal parts, plant products that have a similar color and shape 

(for example in peas - lat. Solanum nigrum which is toxic), as well 

as products that do not have the desired color (eg. yellow or dark 

overripe peas, etc.), stalks on a product of larger dimensions than 

allowed, moldy and infected products, etc.  

After obtaining the first results based on images of raspberries 

that were published in the paper [13], the research was 

supplemented with images of peas, yellow beans and blackberries. 

The main goal was to describe the texture of organic products based 

on certain mathematical measures and to perform the recognition of 

harmonized fruits and classification according to defined categories.  

The selected agricultural products for the purposes of this 

research are of different textures, colors and shapes. 

The ranking of the evaluated samples is divided into three 

categories: harmonized, non-compliant and foreign impurities. 

Figure 1 shows a part of the analyzed images for the first two 

categories. An additional division of raspberry images into two 

subcategories has been introduced. The first refers to raspberries in 

which an opening can be observed at the place where the stalk was, 

and the second to raspberries in which this opening cannot be 

detected, in order to determine whether there is a statistically 

significant difference in the proposed criteria. A special category III 

is formed for foreign impurities that can be found during the 

inspection, such as stalks, earth, stone, plastic, paper, glass and the 

like. 
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a) 

 

b) 

 

c) 

 

d) 

 

e) 

 

f) 

 

g) 

 

h) 

Fig. 1 Part of analysed images: a) acceptable raspberry (1,2- sample without a hole; 3,4-sample with a hole) b) unacceptable raspberry 
(1,2,4,5,7- example of mold and damage; 3,4- Example of stalk) c) acceptable peas d) unacceptable peas (1-wilted; 2-moldy; 3-pod part) e) 

acceptable yellow beans f)unacceptable yellow beans (1- immature; 2-stalk; 3,4-bruises) g) acceptable blackberry h) unacceptable blackberry (1,2- 
damaged) 

 

In the Fig. 2 is presented schematic view of the proposed 

algorithm for analyzing digital images. 

 

 

Fig. 2 Proposed algorithm 

 

AdobePhotohop® was used for the first iteration of image 

analysis, where regions of interest were extracted. Next step was to 

set up black background. Each raspberry and blackberry as well as 

all impurities that can be found on inspection, were separately saved 

images as 70x70 px in size, 8-bit in their original .bmp format. Peas 

images were saved as 30x30 px in size and yellow beans as 30x100 

px digital images. The Matlab® program was used for further 

analysis, extracting individual values of colors r, g, b (red, green 

and blue). Since color can be extracted from each pixel of the 

region of interest, those variables emerge in order to express the 

degree of heterogeneity. 

Most of the studies show the result of measurements as the 

average color and its standard deviation from all the pixels selected 

in the region of interest [14, 15], this standard deviation being 

mainly a consequence of the heterogeneity instead of the measuring 

error.  

Entropy was calculated for all channels separately using 

Matlab® where has already built-in function. Entropy is a statistical 

measure of randomness [16] that can be used to characterize the 

texture of the image.  For the range of values of parameters r, g, b 

from 0-255, entropy is defined via the following equation (1): 

 

(1) 

where p (i) is the part of the pixel that takes the value of i, and 

log2 is the base 2 of the logarithm. 

Further, the calculation of the following statistical indicators 

was performed for each individual color: average value (Avg), 

standard deviation (Stdv) and entropy (E). The aim was to find a 

correlation between standard deviation and average value. Same 

formula for lacunarity, which are used on binary images in fractal 

geometry, was applied. The name lacunarity comes from the Latin 

name lacuna, which in translation means lack, gap or hole [17]. It 

can be defined as a measure of the heterogeneity of a structure or 

the degree of structural variation within an object. In this case, that 

criterion was marked as L and calculated separately for each r, g, b 

channel, refer to (2). 

. (2) 

Also, statistical tests were performed for each criterion in order 

to confirm or deny normal distribution, based on which further use 

of statistical parametric or non-parametric tests is established. 

Because of smaller-size samples <50, the Shapiro-Wilk test was 

employed, which is more convenient. Then, descriptive analysis 

was carried out of all mentioned potential criteria. The significance 

of difference of the examined criteria among samples was checked 

using Wilcoxon sign rank test. Statistical analysis of the results was 

performed in the computer program IBM SPSS® 21.0 and 

MSExcel® 2013. After obtained results were checked and analyzed, 

we made a hypothesis that appropriate image segmentation can be 

done according to the criteria L and E. Further, the range of values 

(min to max) was defined for the first category of acceptable 

products. Also, results were tested by combination of other 

proposed criteria. 
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The next step was to develop the algorithm in Matlab®, the so-

called gliding box algorithm, because the texture can be considered 

in a region and not in individual pixels. For the calculation of 

defined image color parameters I(x, y), to start with, a square was 

chosen 10x10px in size. The initial square is located at point (0, 0), 

in the upper left-hand corner. The algorithm records Avg, Stdv, E i L 

for every channel: r, g, b that are associated with the image 

underneath the moving window. If the parameters coincide with a 

specified range of values, the square is colored with a chosen color, 

in our case it was yellow to make the image better. The window is 

then translated by one pixel to the right and the underlying 

mentioned statistical measure is again recorded. When the moving 

window reaches the right-hand side of the image, it is moved back 

to its starting point at the left-hand side of the image and is 

translated by one pixel downward. The computation proceeds until 

the moving window reaches the lower right-hand edge of the image, 

at which point it has explored every one of its possible positions, 

i.e., to the endpoint (xm-9, yn-9). Due to product’s different 

dimensions, the best box size for each product and criterion were 

investigated. As above mentioned, the initial box surface amounted 

to 10x10 px and final 2x2 px.  

Algorithm: Pseudo code for image analysis and application 

of 10x10 box 

x1 = read the image 

redChannel = extract red channel values x1 

greenChannel = extract green channel values x1 

blueChannel = extract blue channel values x1 

cols = number of columns 

rows = number of rows 

for for each box 10x10 pixels in the image calculate 

         redAvg, greenAvg, blueAvg = mean values of the current  

          box 10x10 

         redStd, greenStd, blueStd = standard deviation of the  

         current box 10x10 

         redE, greenE, blueE = entropy of the current box 10x10 

         redL, greenL, blueL = (std/avg)2 of the current box 10x10 

         if redL between min and max redL 

          and greenL between min and max greenL 

          and blueL between min and max blueL 

                     current box 10x10 color the pixels yellow 

         end if 

end for 

replace the input image 

3. Results 

Based on descriptive analysis results for all categories and the 

Shapiro-Wilk test, the criteria L and E, for every r, g, b channel, 

were found to have normal distribution in category I products for 

blackberries, peas and yellow beans (Sig .> 0.05). In the case of 

raspberries, only for criterion E is the assumption of normality of 

distribution confirmed. Products of categories II and III do not have 

normal distribution. Based on Wilcoxon's test, a statistically 

significant difference was found between category I raspberries 

with and without opening according to the L parameter for all three 

channels (r channel: Z = -3.553, p <0.05; g channel: Z = -2.725, p 

<0.05; b channel: Z = -2.788, p <0.05;). The difference in the 

criterion of the mean value of Avg and entropy E was not 

statistically significant. In general, a low L value of the criterion 

suggests a homogeneous texture, while a high L value suggests a 

heterogeneous texture, but it should be noted that heterogeneous 

objects on larger scales may appear homogeneous and vice versa. 

Therefore, the value of criterion L can be considered as a measure 

of heterogeneity or scale-dependent texture. 

Based on the previously presented result, it can be assumed that 

the parameter L, calculated in the already explained way, takes into 

account the variations in the figure, such as in this case the aperture. 

In the following statistical tests, raspberry data with and without 

holes will be considered together. 

Further research addressed the question of whether there is a 

statistically significant difference between category I and category 

II products according to the defined criteria for all three r, g, b 

channels. Wilcoxon's rank test was also used for this question, 

where it showed a statistically significant difference (Sig. <0.05; p 

<0.05) when it comes to raspberries, blackberries and yellow beans 

for parameters L and E. 

 

 

 

 

 

a) 

 

b) 

 

c) 
 

Fig. 3 a) 3D Scatter of entropy of raspberry;  b) 3D Scatter of entropy of peas; c)Scatter plot matrix of  Avg and L r, g, b channel of yellow beans. 
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Table 1: Proposed criteria and values 

  Avg E L 

Raspberry 

without a 

hole 

R min 81 2,1346 0,0159 

R max 132 3,9744 0,0536 

G min 31 1,7569 0,0230 

G max 45 3,4214 0,0700 

Bmin 42 1,7980 0,0156 

B max 59 3,4094 0,0515 

Raspberry 

with a hole 

R min 82 2,3990 0,0228 

R max 136 4,0230 0,0809 

G min 31 2,0988 0,0207 

G max 46 3,5442 0,0752 

Bmin 42 2,1382 0,0182 

B max 60 3655 0,0589 

Peas R min 99 1,2648 0,3514 

R max 167 2,4417 0,1624 

G min 132 1,2795 0,0260 

G max 193 2,4596 0,1300 

Bmin 66 1,2412 0,0166 

B max 129 2,376 0,1279 

Yellow beans R min 122 1,6603 0,0369 

R max 212 3,7743 0,0764 

G min 132 1,6411 0,0346 

G max 205 3,6752 0,0740 

Bmin 43 1,5022 0,0366 

B max 102 3,3803 0,0648 

Blackberry R min 18 1,6012 0,0504 

R max 45 3,3223 0,1668 

G min 17 1,4488 0,0230 

G max 25 3,0280 0,0700 

Bmin 21 1,4599 0,0323 

B max 32 3,1493 0,0969 

 

Based on these conclusions, the following criteria are 

proposed: min and max values of L, Avg and E from r, g, b 

parameters obtained from images of fruits that belong to category I 

of acceptable products as well as their combinations. Each product 

was checked over seven combinations of these criteria. The 

application of independent Avg, L, E criteria, combinations: L+E, 

Ag+E, Avg+L, Avg+L+E for all three channels r,g,b. Also, for each 

combination the optimum box algorithm size was investigated to 

yield the best results, starting from 10x10 px to 2x2 px. 

 

 

Raspberry without a hole 

 

Raspberry with a hole 

 

Peas 

 

Yellow beans 

 

Blackberry 

     

2x2 px box 2x2 px box 2x2 px box 2x2 px box 4x4 px box 
 

Fig. 4 Representation of resulting images by applying the best combination of criteria and box size 

 

According to the table of proposed ranges for criteria values, 

Tab.1, it can be concluded that there occur particular overlaps in 

two or more investigated products. For that reason, we have created 

several test images with all investigated good products, so as to 

reach an ideal combination of criteria that can be used to describe 

each product independently. An example of such image is given in 

Fig. 4. In investigating some combinations or an independent 

criterion for a single product, more than one product was 

recognized in the test image. Figure 5 shows images with criteria 

and box size that produced best results of recognition for each 

group of individually investigated product. 

Good result means appropriate formation of the product shape 

when marking with yellow color. The application of the proposed 

algorithm allowed good recognition of raspberries and blackberries 

using a combination of criteria Avg+E. In raspberries the best result 

was produced by the box size 2x2px and in blackberry by 4x4px, 

and only these products were recognized with those box sizes and 

criteria. As for peas and yellow beans, none of the criteria 

combinations or box sizes gave satisfactory result. In the figures 

shown, the best result was yielded approximately by combination 

Avg+E , and thereby both products were recognized nearly equally 

in the image.  

 

 

Fig. 5 Example of test picture 
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Next, separate test images were created for each agricultural 

product, which contains several products from each category that 

were randomly selected (Fig. 6 a and b). 

  

  

  

Fig. 6. a) blackberry image test, b) raspberry image test, c) application of 
Avg + E and 2x2 box, d) application of Avg + E and 4x4 box. 

 

Based on the final results, several conclusions can be drawn. 

The values of L and E differ statistically significantly between the 

proposed categories of compliant, non-compliant product and 

foreign material in each tested agricultural product. By applying the 

proposed model, using the sliding square algorithm and selected 

input criteria, the combination of Avg+E criteria gave a satisfactory 

result in the detection of harmonized parts of raspberry and 

blackberry fruits. Conditionally satisfactory results were in the 

recognition of raspberries and blackberries in relation to the other 

two agricultural products, peas and yellow beans. The proposed 

model is not suitable for all products, primarily due to different 

product sizes. 

The study [18] compared the performance of the system in 

classifying fifteen types of fruits and vegetables based on eight 

color and texture parameters. The combination of color and texture 

parameters proved to be the best, as in this paper, which confirms 

the conclusion that it is not possible to obtain a satisfactory result by 

using only morphological characteristics for identification. 

According to the results in the paper [19], a set of color and texture 

characteristics also gave a satisfactory outcome when it comes to 

recognition, but the texture parameters for each color channel were 

considered individually. The subject of the research was only one 

product, potato chips, and it was observed in certain experimental 

conditions. For each class, a different set of characteristics was 

influential. Finding a unique general combination of criteria 

("fingerprint") for the classification of agricultural products requires 

much larger data sets. 

4. Conclusion 

The current situation, however, shows that classical methods for 

classifying fruits and vegetables have been developed for a limited 

number of fruit classes and small sets of products. Using only 

morphological features for identification, these varieties could not 

provide good enough results. 

The proposed idea and algorithm have a range of advantages 

and disadvantages, which gives room for further research and 

improvement. The results showed that the color and morphological 

feature, as entropy, alone were not able to recognize different 

products with high accuracy. However, the combination with 

average values certainly can show acceptable results for particular 

products, in our case raspberry and blackberry. It can be conclude 

that there is significant differences in the values of proposed criteria 

between good and bad product that can be used for further research. 

Problem with same recognition of pea and yellow beans can be 

attributed to a similar range of color values between yellow and 

green values in RGB color scale, which also reflected similar ratios 

of the proposed criteria L and E. The good side of the algorithm can 

be adequately recognized product boundaries by optimizing the box 

size and increasing the number of samples. For future research, it is 

necessary to carry out more experiments using a larger number of 

samples and different conditions to complete a study.  

In addition, there is the idea of generalizing the recognition of 

different agricultural products based on the solution found, ie. that 

the values of the obtained criterion or combination of criteria be the 

only solution for the general differentiation of agricultural products. 

Despite the variability of influential parameters in the paper, one of 

the conclusions is that statistical modelling of parameters by further 

research can lead to more significant results in the evaluation of 

agricultural products, confirmed statistically significant difference 

in the proposed criteria L and E, has the potential for further 

research. 
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Reducer with a planetary gear train for a hoisting mechanism of dangerous goods cranes 
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Abstract: In addition to the universal requirements for handling (lifting and transport) machines (HM), HM for dangerous goods (hot molten 

metal, containers with chemicals, explosives, etc.) must also meet a number of special requirements. One of these requirements is the drive 

of the hoisting mechanism with two motors, to ensure in case one of them fails. 

The article discusses a reducer for the hoisting mechanism of an overhead crane for dangerous goods with an embedded planetary gear train, 

allowing both motors to operate at full power (and without overload) in both regular and emergency (in failure) mode. The different modes 

of work of the mechanism are considered (with both motors and with each one separately). An analysis of the possible kinematic schemes of 

the planetary gear train is made. The necessary kinematic calculations have been made to select the most suitable variant of the planetary 

gear train.  

KEYWORDS: CRANES, DANGEROUS GOODS, GEAR TRAIN, HANDLING MACHINES 

1. Introduction

Risk management in the transport and handling of dangerous 

goods has always been relevant [8]. In addition to the universal 

requirements for handling (lifting and transport) machines (HM) [1, 

2, 5, 6], HM for dangerous goods (hot molten metal, containers with 

chemicals, explosives, etc.) must also meet a number of special 

requirements [10]. Some of these requirements apply to the machine 

as a whole [6]. Others refer to individual mechanisms or to their 

aggregates and assemblies [5].  

In the framework of a research project with UCTM (Univ. of 

Chemical Technology and Metallurgy), the authors have examined 

only those requirements that relate to the gear trains of the 

mentioned mechanisms:  

1. Ensuring micro-speed of the hoisting mechanism, in

accordance with the specifics of the processed dangerous

goods.

2. Drive of the mechanisms with two motors, which are able to

work independently in case of emergency (failure of one

motor) [7]. This is especially important in metallurgical

machines working with molten metal. If one motor fails, the

other must be able to complete the operation so that the metal

does not freeze in the bucket.

This paper examines some solutions that meet the second 

requirement.  

Classic solution: Each of the motors (I and II) is selected with a 

power of 65 - 85% of the required for the drive of the mechanism, 

which allows independently, in overload mode, to complete the 

hoisting operation to the end: 

 0,65 0,85AI AII BP P P   and AI AII  .  (1) 

Disadvantage: In normal operation, each of the motors operates 

at 77 – 60% of its rated power [9], which leads to lower efficiency.  

Rational solution: Gearbox with embedded planetary gear train 

[3, 4] – each of the motors is selected with a power of 50% of the 

required and in both regular and failure mode operates at 100% of 

its rated power: 

0,5AI AII BP P P  and AI AII  .  (2) 

The considerations here are made for a single-carrier planetary 

gear train of the most often used type – AI -planetary gear train 

(Fig. 1), but in the process of work a variant with AI-planetary gear 

train is also considered (Fig. 2).  

As shown in Figure 1 these gear trains have two central gear wheels 

– a sun gear 1 with external teeth and a ring gear 3 with internal

teeth. These two gears 1 and 3 mesh with one-rim or two-rim

planets 2 which are housed in carrier H. Their number most often is

k =3, rarer k = 2 or 4, but in special cases there are PGTs with k = 

20 planets [PGT]. However, planets number k  does not affect the

gear train’s kinematics. 

Fig. 1 Most often used АI -planetary gear train with one-rim 

planet with one external and one internal meshing. 

Fig. 2 АI - and АI -planetary gear trains and their basic ratio. 

Central elements of the gear train (sun gear 1, ring gear 3 and 

carrier H) rotate around an axis – the so called main (central) 

geometrical axis of the gear train.  Typical of this simple PGT is 

that there are three shafts that go out of the train (external shafts). In 

Fig. 1 the corresponding external torques 1Т , 3Т , and НТ also

are shown. Two of them 1Т and 3Т are unidirectional, and the 

third torque НТ is with opposite direction. Since the train is 

simple, of course, it has only one carrier, i.e. it is a single-carrier 

PGT. 

These trains, like other PGTs, can operate both with F = 1 and F 

= 2 degrees of freedom. With F = 1 degree of freedom any one of 

three shafts (of the sun gear 1, ring gear 3 or carrier H) can be fixed. 

With a fixed carrier (
Н = 0), the PGT works as pseudo-planetary.

At F = 2 degrees of freedom (working as differential), six working 

modes are possible – three as a summation PGT and three as a 

division PGT.  

The kinematic analysis of this gear train – the determination of 

speed ratios when working with F = 1 degree of freedom or speeds 
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of the input shaft(s) in case of F = 2 degree of freedom is made 

through the basic speed ratio 
0i – the ratio of the pseudo-planetary

gear train working as reducer with fixed carrier (
Н = 0)

 0 13 H
i i  (3) 

The gear ratios of the other cases of work with F = 1 degree of 

freedom (Fig. 2 a and b) are expressed through it [3, 4]. 

The above possibilities are used in the mechanisms discussed in the 

paper. 

2. Tween-motor driven hoisting mechanism – in

regular mode working 

Fig. 3 shows the kinematic scheme of the reducer of the main 

hoisting mechanism of a 190-ton overhead (bridge) crane with 

embedded planetary gear train. As mentioned above, for high-

capacity cranes, twin-motor drive is desirable (and for foundries and 

dangerous goods in general, it is mandatory). It is made so that if 

one motor fails, the other is able to complete the necessary 

movement on its own. Usually, when no differential is used, the two 

motors drive the input shaft and select the same power and angular 

velocity, each with a power equal to 65 - 85% of the total required 

power, so that they can operate independently in failure mode, 

although and with overload (see formula 1).  

In the shown in FIG. 3 arrangement this disadvantage is avoided 

due to the use of АI -planetary gear train. Both motors are selected 

with the same power AI AIIP P (equal to 50% of the required for 

the hoisting mechanism) and angular velocity AI AII  and in 

regular mode (Fig. 3) operate at their rated power 

B AI AIIP P P  .   (4) 

When both motors are working, the angular velocity H of the 

carrier H of the planetary gear train is determined by the known 

formula for summing the motions [3, 4]  

1 0 3 1 3

01 1
H

i t

i t

   


   
 

 
,  (5) 
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. 

Obviously, the directions of rotation of the sun gear and the ring 

gear must be the same, which means that the motor shafts must 

rotate in opposite directions, i.e.,  

AI AII   .   (6) 

The angular velocity B of the output shaft B of the gearbox, 

resp. of the rope drum is determined by the following formula, 

taking into account the speed ratios of the last two stages steps  

7 967 89

6 8

H H
B z zi i

z z

 
  




.  (7) 

Fig. 3 Reducer of hoisting mechanism of an overhead (bridge) crane with tween-motor drive with embedded planetary gear train. 

3. Tween-motor driven hoisting mechanism – in

failure mode working 

3.1. Motor II is in failure  

In this case only the motor I is working (Fig. 4), i.e., 

B AIP P

Planetary gear train works with fixed ring gear, i.e., 1 ≡ AI

> 0 and 3 = 0. The carrier angular velocity is [4]
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i.e., lower than in case of work of both motors and this reflects to

the output angular velocity

7 967 89

6 8

H H
B z zi i

z z

 
  




. 

3.2. Motor I is in failure  

In this case only the motor II is working (Fig. 5), i.e., 

B AIIP P

Planetary gear train works with fixed sun gear, i.e., 4 ≡ AII

and 1 = 0. The carrier angular velocity is [4]

 

4

45 3 1 5 1

4 3

1

AII
H

H
i i z z

z z

 
  

  
  

 

, 

as 
B is determined by the same formula, but with different H

7 967 89

6 8

H H
B z zi i

z z

 
  




Fig. 4 The reducer from Fig. 3 with motor II off, where the planetary gear train works with fixed ring gear. 

Fig. 5 The reducer from Fig. 3 with motor I off, where the planetary gear train works with fixed sun gear. 
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4. Kinematic analysis

Aim: Objective: to obtain the same output angular velocity B .

This is possible at the same angular velocity of the carrier in both 

cases, i.e., 

3 5 1

1 4 3

1 1

AI AII
H

z z z

z z z

 
  

   
     

   

. 

Solution: Since the angular velocities of the motors are equal in 

magnitude (identical motors) and opposite in direction 

AI AII   , following equation must be satisfied 

3 5 1

1 4 3

1 1
z z z

z z z

  
    

   
. 

After processing, the ratio is obtained, which is obvious from the 

kinematic scheme (which maintains the same output torque HT of 

the planetary gear train) 

3 5

1 4

z z

z z
 . 

5. Conclusions

In compliance with the derived dependence, both motors 

operate at rated power 0,5AI AII BP P P  in regular operation 

mode 
AI AII BP P P  and in emergency (failure) mode. In the 

second case, the mechanism operates at twice less power, but at 

twice less angular velocity, so that the torque of the drum shaft 

remains the same as in regular operation. 

The analysis showed that when using the more complex AI-

planetary gear train, a great kinematic advantage is not achieved. 
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Abstract: The transition to CPS is one of the great challenges of the “Industry 4.0”. The core of cyber-physical systems is an effective 

control, associated with achievement of a high degree of adaptability, autonomy, functionality, reliability, security and usability. The paper 

presents a combined approach for development of cyber-physical systems based on the IEC-61512 and IEC-61499 standards represented as 

partial model of asset administration shell, according the reference architectural model RAMI4.0. 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 

enhanced in respect to the correctness and reliability achieved, by replacing the semi-formal models with using of Signal Interpreted Petri 

Nets supporting the verification processes.  

Keywords: CYBER-PHYSICAL SYSTEM, INDUSTRY 4.0, RAMI 4.0, ADMINISTRATION SHELL, IEC-61499, IEC-61512

1. Introduction

The strategic initiative “Industry 4.0” [1] is related to the new 

industrial revolution and implies integration of Cyber-Physical 

Systems (CPS), the Internet of Things (IoT) and cloud computing 

leading to what is called "smart factory". The smart factories are 

flexible systems and machines following RAMI 4.0 structure, with 

functions distributed throughout the network, where participants 

interact across hierarchy levels, products are part of the network and 

there are communications among all participants. “Industry 4.0” 

focuses on the integrated use of advanced information and 

operational technologies, such as Internet of Things (IoT), cyber-

physical systems, big data, data analytics and decision making, 

artificial intelligence and robotics, cloud and fog calculations, 

augmented reality and more. With a view to faster adoption of the 

new concept by industry, it is desirable to ensure a smooth 

transition to these new technologies, through the use of transitional 

technologies and standards, and reasonable investment to achieve 

the objectives, including integration between operation and 

information technologies. There are a number of prerequisites for 

this in the industry: embedded devices and controllers, wireless 

sensor networks, RFID technologies and more. While the hardware 

industry is relatively prepared for the transition to industrial IoT, 

software and architectures face serious challenges.  

The transition to CPS is one of the great challenges of the 

“Industry 4.0”. They refer to a new generation of engineered 

systems where cyber and physical components are strongly 

interconnected, each operating on different spatial and temporal 

scales, exhibiting multiple, distinct behaviours, and interacting in 

numerous ways that change depending on context [2]. The core of 

cyber-physical systems is an effective control, associated with 

achievement of a high degree of adaptability, autonomy, 

functionality, reliability, security and usability. 

An important way to deal with the complexity, diversity and 

heterogeneity of cyber-physical systems is to use reference 

frameworks and architectures to achieve interoperability, simplify 

development and facilitate implementation. One of the most popular 

reference architectures is RAMI4.0 of the Industry 4.0 Working 

Group [3, 4], which supports the analysis and specification of 

domains, and facilitates the unification of methods used by various 

disciplines such as industrial engineering, control theory, 

communication and information technology, thus making possible 

their combined use. It is a foundation for the following next steps 

towards Industry 4.0: thing identification, unified semantics and 

common syntax for data, defining of QoS components, 

communication connections and protocols. Key elements in 

RAMI4.0 are the standards, which reduces the risk for enterprises 

and encourages the adoption of new technologies, products and 

production methods. The main advantage of using standards is that 

they reflect the state of research and technological development and 

promote mutual understanding and consensus between partners. 

Standards are used on the different levels of aggregation, covering 

different engineering topics and domains. An important step in the 

right direction is their joint use by setting up appropriate interfaces, 

or meta-models. 

The main goal of the paper is the integrated and combined use 

of the standards IEC-61512 [5] and IEC-61499 [6, 7] based on the 

concept of RAMI4.0 for building a database, including Asset 

Administrative Shells (AAS). AAS is an implementation of the 

digital twin for Industry 4.0. It establishes cross-company 

interoperability, covering the complete life cycle of products, 

devices, machines and facilities enabling the integrated value 

chains. It is available for non-intelligent and intelligent products and 

is the digital basis for autonomous systems and Artificial 

Intelligence [8]. 

The main idea of IEC-61512 is to separate product knowledge 

from the equipment used and to describe a batch process in different 

grades of detail from chemical and control engineering points of 

view based on 7 different models using semi-formal technique. The 

second standard that is combined is IEC-61499 standard. It is a 

standard for design and implementation of distributed controllers. 

As its predecessor IEC 61131, it provides a framework for hardware 

and software aspects of controllers. It defines various models for 

system, device, resource, and application level. For application 

design IEC 61499 introduces new kinds of function blocks (FBs). 

The main aim of the paper is to suggest a combined approach 

for development of cyber-physical systems based on the IEC-61512 

standard for batch control and IEC-61499 standard for development 

of distributed control applications. The approach takes in to account 

the last achievements in the reference architectural model 

development included in DIN SPEC 91345. After the introduction a 

short analysis of related standards is undertaken in part 2. The last 

part of the paper presents the combined approach for development 

of CPS for batch control using IEC-61499 and IEC-61512 

Standards. Finally some conclusions are done.  

2. Related works

2.1. Reference architectural model for Industry 4.0 (RAMI 4.0) 

The reference architectural model RAMI 4.0 is one of the most 

well-known reference architectures for Industry 4.0 [4]. The 

framework of RAMI 4.0, shown in Fig.1, is three-dimensional and 

describes the crucial aspects of Industry 4.0. The “Hierarchy level” 

axis includes the hierarchy levels defined in the ISO/IEC-62264 

standard, including all different functionalities in the factory. In the 

RAMI 4.0 the functionalities are extended to the “product” 

according IEC-61512 standard and to “connected world”. The left 

horizontal axis represents the life cycle of the facilities and 

products, based on the IEC-62890 standard and the vertical axis 
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represents the six layers for decomposing into its properties. The 

reference model allows a step-by-step migration from present into 

the world of Industry 4.0. RAMI 4.0 integrates different user 

perspectives and provides a common understanding of Industry 4.0 

technologies. It is a foundation for the following next steps towards 

Industry 4.0: thing identification, unified semantics and common 

syntax for data, defining of QoS components, communication 

connections and protocols. 

 

Fig.1: Activity model of quality operations management [3] 

In RAMI 4.0, the concept of I4.0 component is defined 
and may be considered as a specific case of CPS. Each I4.0 
component, as shown in Fig.2, consists of physical part 
(asset) and cyber part, named “administrative shell” (AS), 
which is a digital representation of asset. AS offers dedicated 
information, functionalities and internal and/or external 
services, and includes two parts: manifest and component 
manager. Manifest features externally accessible set of meta-
information that reflects the uniqueness of I4.0 component. 
The resource manager guides the services and access to them, 
described in hierarchically organized sub-models. The sub-
models are two kinds: generic and specific. The generic sub-
models are static models and represent mandatory 
information, such as: index data item, property value 
statement, documentation and communication. The properties 
of sub-models are formatted corresponding chosen 
standardized data format (eCl@ss, Common Data Dictionary 
(IEC 61360-4), IEC 61987 (Process automation), etc.). The 
AS includes a communication interface for providing outside 
access to functions and data.   

 

Fig.2: I4.0 component [3] 

2.2.  Short overview of IEC-61512 standard 

The IEC-61512 standard [5] also known as ANSI/ISA S88.01 is 

a basic and well accepted standard in the area of batch process 

industry, providing domain specific models for design and control 

of batch production processes. The standard is shortly known as 

S88. Its structure gives a frame for clearly definition of processes 

and product requirements. The modular structure of the standard is 

applicable to all types of control systems and promotes reusability 

through breaking up the systems into smaller components. The 

standard provides a guideline for designing batch control 

applications for manual as well as automatically controlled 

processes. The three control types in batch manufacturing are basic, 

procedural and coordination. These control types are applied to the 

control and equipment modules. To examine the relation between 

equipment and procedural control, IEC-61512 standard defines a 

hierarchy of four types of recipes, i.e. general, site, master and 

control recipe.  

The main idea of IEC-61512 is to separate product knowledge 

from the equipment used. The philosophy of IEC-61512 is shown in 

Fig.3. To describe a batch process in different grades of detail from 

chemical and control engineering points of view, IEC-61512 

proposes a set of seven models as shown in Fig.4. Taking the 

process view, design starts with a process model containing the 

(abstract) chemical knowledge of the process to be realized. From 

general recipe to control recipe this model is stepwise substantiated 

(i.e. adapted to the batch plant). The resulting control recipe 

describes which actions have to be taken in which order to reach the 

desired process. The control view (or equipment view) is described 

with the physical control model, dealing with sensor and actuator 

signals, and its abstractions, equipment control and control recipe. 

The control recipe is the meeting point of the two points of view. As 

all models in IEC-61512, the control recipe is built in a hierarchical 

way. Phases (not shown in Fig.4) are considered as elementary steps 

in the control recipe and cannot be decomposed. A phase describes 

a basic function of the given plant such as dosing, stirring or 

heating. Collections of phases performed in a specified order 

(sequential and/or parallel) are operations. Operations are organized 

in unit procedures which are assigned to a specific class of plant 

units. A unit procedure describes a series of operations providing a 

high level function. Finally, unit procedures are combined to 

procedures describing the interaction of plant units. S88 introduces 

the semi-formal design language Procedure Function Chart (PFC). 

It enables the designer to graphically describe the organization of 

operations, unit-procedures and procedures using basic elements. In 

Fig.4 the PFC are replaced by Signal-Interpreted Petri Nets (SIPN). 

They provide more details for analysis and verification in a formal 

way.  The IEC 61499 based methodology is used to implement the 

control scenario. They will be shortly presented in the next 

paragraphs. 

 

Fig.3: The philosophy of IEC-61512 

IEC-61512 defines several models describing the equipment, 

process and procedure hierarchies necessary to make batches as it is 

shown in Fig.4. The physical model describes the equipment 

necessary to make a batch and is divided into two organization 

parts: “Enterprise”, including enterprise, site and area, and 

“Equipment” composed of process cell, unit, equipment module, 

control module. Subject of the research proposed in this paper is the 

“Equipment” part. A process cell contains all of the equipment, 

including units, required to make batches. Batching activities are 

focused on units, defined as “a collection of process and control 
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equipment, and the associated control logic that carry out one or 

more major processing activities” [5]. An equipment module 

according IEC-61512 is “a functional group of equipment that can 

carry out a finite number of specific minor processing activities”. 

This module can be made up of control modules or other equipment 

module. In some cases, equipment modules can replace control 

modules. Control modules are treated as basic elements of the IEC-

61512 physical hierarchy. They are defined as “collections of 

sensors, actuators, other control modules and associated process 

equipment that, from the point of view of control, is operated as a 

single entity” [5]. Examples of control modules may be valves, 

pumps, PID, PLC, sensors.  

 

Fig.4: Simplify view of IEC-61512 structure 

2.3. Short overview of IEC-61499 standard  

The IEC-61499 standard [6] defines the basic concepts and 

reference architecture for the design of reusable and component-

based distributed control systems (Fig.5). At the heart of the 

standard is the concept of "function block" (FB) as a basic structural 

unit of the application. 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” [7]. The standard defines three types of 

function blocks: basic, composite and service interface. The basic 

function block is presented by an input and an output interface 

composed of input and output events and data. The internal view of 

a basic function block includes an Execution Control Chart (ECC), 

internal data and internal algorithms. The ECC is a state machine 

used to control the execution of algorithms associated to the 

function block. A function block is characterized by its type name 

and instance name, which are used to identify a function block. The 

event and data inputs and outputs are required for the 

interconnection of different function blocks to function block 

systems, while the ECC, internal data and internal algorithm 

describe the internal behavior of the function block. The kernel of 

the Basic function block is its Execution Control Chart. An ECC 

consist of states, transitions and actions, which invokes the 

execution of the algorithms, which are associated to the ECC states, 

in response to event inputs.  

IEC-61499 standard defines 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. 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. There are several engineering environments 

that support the development of control systems based on the 

IEC6199 standard among which the 4DIAC tool has special 

ambitions to meet the requirements of Industry 4.0 [9]. 

 

Fig.5: Reference architecture of IEC-61499 standard 

 

3. Combined approach for development of CPS 

based on IEC 61512 and IEC 61499 Standards 

The basic idea of the approach is to allow the chemical engineer 

to specify his knowledge using S88 while at the same time giving 

the control engineer the opportunity to use IEC 61499 to design and 

implement the needed logic controllers. The goal is to provide 

highly reusable components concerning batch process and an easy 

way to reconfigure their executions. As a result, the control strategy 

can be flexibly managed. The proposed approach 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), used as a tool for formal verification of the correctness 

in the behavior of the developed I4.0 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.6, 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 that is an extension of 

Condition-Event nets which allow process interfacing by output 

signal assignments associated with places and input signal 

evaluation in Boolean expressions attached to transitions [10]. 

The procedural control of each unit procedure describes which 

actions have to be taken in which order to reach the desired 

process. The control view (or equipment view) is described with 

the physical control model, dealing with sensor and actuator 

signals, and its abstractions, equipment control and control 

recipe. The control recipe is the meeting point of the two points 

of view. The extension of SIPN with time and hierarchical 

structures gives opportunity for fully description of control 

system functionality and requirements;  

• The designed formal SIPN model may be checked for 

correctness before its implementation through automatically 

constructed different types of Reachability Graphs (RG), 

transparent analysis or transformations to timed automata. The 

focus is oriented more and more to formal specification 
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languages such as temporal logic and formal verification 

methods such as the famous model checking. 

• Mapping of model to an IEC 61499 based application 

(SIPN2IEC61499) - The SIPN model with regard to the 

functional component is mapped into IEC-61499 based 

component using some rules. 

 

Fig.6: Illustration of the combined approach 

IEC-61512 and IEC-61499 standards may be used within the asset 

administration shell in order to specify properties and property 

values as shown in Fig.7. The meta-model of AAS is based on the 

concept of partial models having unique global identifiers and a set 

of well-defined attributes and properties. The partial models 

characterize different aspects or functions (mixing, heating, 

reacting) of the asset, in different domains such as communication, 

engineering, security, process control, etc.  

 

Fig.7: Illustration of network-based communication as an asset 

 

4. CONCLUSIONS 

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

improvement in the quality, safety and efficiency of the designed 

CPS. The main advantages of the suggested approach with respect 

to CPS can be summarized as follows: 

• Important advantage of the proposed approach resulting from 

the use of SIPN models and their formalization is the ability to 

verify and validate the models, as well as to increase the 

security and safety of the applications. Using the SIPN model it 

is possible to check for consistent control on operation level, i.e. 

to guarantee that the order of phase execution fits to the 

specification of the plant.  

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

mechanism with SIFB-based event triggered systems;  

• The reference architecture and models based on IEC61512 and 

IEC-61499 standards support the reuse of the developed CPS 

components and shorten their development and configuration 

time; 

• The models offered allow the creation of libraries of reusable 

components for different application areas based on both 

standards. 

• The distributed control structure achieved, facilitates the 

reconfiguration of the system by inserting, deleting and 

replacing functional components based on IEC-61499 standard; 
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Abstract: Paper deals with general overview of the electric vehicles on-board chargers, available in operation - both for new such 

vehicles and for those that have been obsolete, but are still moving on the roads in our country and around the world. Studies have been 

conducted and useful information on battery-powered electric vehicles and plug-in hybrid electric vehicles has been systematized. All this is 

done in connection with the ubiquitous decisive steps for large-scale and global introduction of electric vehicles, such as appropriate choice 

and necessity and the related topics for drastic change of the car fleet, which will cover firstly urban vehicles, the energy balances of power 

grids of the individual countries with a careful analysis of the expected load for normal operation, the environmental benefits, the energy 

efficiency and economic benefits from the use of electric vehicles and their technical improvement in the long run. In addition, under good 

management, the development of electric mobility can be one of the ways for achievment of employment and industrial growth. 
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1. Introduction 

Today, the world is increasingly looking at green technology. 

That is why the era of electric vehicles (EVs) has come as a new 

field - electric mobility. Electric vehicles continue to pick up speed. 

Despite the COVID-19 pandemic, sales of EVs are on the rise, 

with road numbers expected to reach nearly 10 million this year, 

according to a report by the International Energy Agency (IEA). In 

2019, thanks to EVs worldwide, the consumption of nearly 0.6 

million barrels of petroleum products per day was avoided [1].  

If we want to stop global warming, EVs will certainly be our 

natural ally. Or at least this is the main view on the issue. 

Nowadays electro-mobility is a booming field. Good news are 

rare these days, so it is good to hear that the number of vehicles 

with full or partial electric drives is constantly growing. This trend 

is just at the beginning and there is a lot of persuasion that will still 

have to be made to potential buyers. In addition to the range, the 

reliability of these vehicles is an important characteristic [2]. 

The EV industry is growing at an incredible pace. All major 

manufacturers compete on a technological level, which in turn is 

reflected and makes EVs more practical and meet our daily needs. 

Electromobility is also one of the main drivers for the development 

of new components and technologies. It sets new challenges for car 

manufacturers, OEMs and distributors are also a key factor in 

solving them. 

How to facilitate the perception of EVs? The availability of 

information is essential. The basic concept of the car has not 

changed. But it seems that the car will change dramatically in the 

next ten years. Car manufacturers are increasingly focusing on 

electromobility. Sceptics of electromobility have raised critical 

questions, such as the maximum distances electric car can cover. 

Even the current limited mileage of some EVs of 100-150 km is still 

sufficient for the daily needs of most consumers. The mileage is 

absolutely adequate and does not create worries, especially when 

planning things. 

It is speculative to talk about what is the most important 

invention for the last 200 years, but certainly the car is one of the 

key ones. It has made people freer and more mobile and laid the 

foundations of the modern world as we know it. Electric mobility is 

indeed here and continues to grow, but it will obviously take years 

before EVs become widespread enough. The market is driven by 

early buyers, not the mass customer. 

Several factors drive the imposition of this type of car in the 

future. In the first place are government subsidies for the purchase 

of such a car in many countries, playing a major role in the choice 

of the customer. Another is tight EU emissions regulations, which 

are forcing manufacturers to sell more EVs to meet the 

requirements. Third is the declining battery prices and the increased 

transition of EVs to convince customers that this type of car is 

worth it. And last but not least is the charging infrastructure, which 

should be convenient and relatively fast. As of June 2019, according 

to data from the European Commission in Norway and England, 

EVs charging stations are more than gasoline stations. 

According to the United Nations , cities will be responsible for 

more than 60% of global greenhouse gas emissions by 2050, and 

are expected to be home to more than two-thirds of the world's 

population. It is therefore vital that these fast-growing urban centers 

take proactive measures to reduce carbon emissions, and electric 

mobility is a key factor in achieving this. But in order for electric 

mobility to be achievable in high-density cities, where time is short 

and space is valuable, technical solutions must be developed to 

meet these challenges. One of the main goals is to deploy electric 

vehicle mobility projects that help people commute in a sustainable 

fashion [3]. One of the fastest ways to accelerate the transition to an 

electric mobility future is to scale the electrification of fleet 

vehicles. Many corporates and public sector entities are now taking 

advantage of the low total cost of ownership. Необходими са 

съвместни действия на: charging station operators and service 

providers, car manufacturers, industry captains, national and EU 

policy makers, academia and corporates [4]. 

According to a study by the Center for Solar Energy and 

Hydrogen Research Baden-Württemberg (ZSW), 7.9 million 

electrified cars were driven worldwide in 2019 (2.3 million more 

than a year earlier), including passenger cars and vans, battery-

powered or so-called range extender, as well as plug-in hybrid 

models, i.e. cars that are charged with a cable. The same study says 

that in 2018, there were 5.6 million electrified models worldwide. 

In 2019, they were 3.8 million in China and almost 1.5 million in 

the United States. Full hybrids and fuel cell vehicles are not 

included in this number. The statistics include only cars that are 

charged with a cable. 

Electric vehicles are defined as carbon neutral, despite the 

carbon balance of electricity and battery production, and therefore 

manufacturers are increasing the share of EVs in their production 

range. The increase in the relative share of EVs is part of efforts to 

accelerate decarbonisation and is a key factor in achieving the goals 

of the European Green Deal and the transition to clean energy in 

Europe. This would help improve air quality in cities, as well as the 

integration of renewable energy sources into the electricity system 

against the backdrop of efforts to stem global warming. 

Climatologists announced in September 2020 that this month was 

the hottest in history, with unusually high temperatures recorded in 

Siberia, the Middle East and parts of South America. Scientists 

believe that high temperatures have played a major role in a number 

of natural disasters - from fires in California and the Arctic to floods 
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in Asia. For its part, Reuters announced on October 11, 2020, a call 

by the pope in a video address to the online conference „Global 

Start Countdown - A Call for Action on Climate Change‟ not to 

invest in companies that do not protect the environment to avoid 

radical and catastrophic climate change. 

In this regard, in recent years motor drive systems used for 

electric vehicles have drawn much attention and their increasing 

efficiency has advanced. The focus is on power conversion 

efficiency and loss evaluation. High efficiency, low operating costs, 

no emissions - there are many rational arguments in favor of the 

electric motor (EM). Studies of dynamic behavior and evaluation of 

electric power losses of induction EM drive for EV have been done 

in [5, 6]. 

Electric motor driven systems are currently responsible for 53% 

of global electricity consumption according to the IEA. Herein, the 

worldwide EV deployment will grow rapidly in the next one or two 

decades, and EVs supposedly become the main source of demand 

growth in the sustainable development scenario. Consequently, the 

development of more efficient EM drive systems, is one of the 

important technologies in the strive to reduce the global energy 

demand. Continuous improvement of motor efficiency of inverter-

controlled EMs is a key objective and vector control of permanent 

magnet synchronous motors (PMSMs) is a commonly adopted 

technique to realize high-efficiency power conversion. Vector 

control technology of PMSMs to aim for ever more efficient power 

conversion, and ultimately contribute to finding solutions how to 

decrease energy consumption on a larger scale [2].  

While induction EMs are more commonly found in motor-

driven systems, they are often larger in size and less efficient than 

PMSMs solutions. While PMSMs solutions tend to have a higher 

initial cost, they may offer a smaller size for more compact 

mechanical packages and higher efficiency. Although the PMSMs 

offer many benefits, there is a problem of permanent magnet 

demagnetization when the inverter is overloaded over time. Мany 

isolated current detection and protection components prevent the 

inverter from overloading and suppresses the demagnetization of 

PMSMs. 

As a parameter, the mileage of EVs is dictated mainly by the 

size and capacity of the battery, the weight of the car and the 

performance of the EM. The actual mileage that the EV can travel 

on a single charge in real conditions may vary from that specified 

by the manufacturer. This is due to factors such as the terrain of the 

area through which it travels (uphill, level road or descent), the 

speed at which it travels, the driving style, the load in the car and 

the use of certain features in the car, such as air conditioning and 

infotainment system. 

2. Technical considerations   

Sales in the third quarter of 2020 in the EU are: petrol cars 

47.5%, hybrids 12.4%, electric 9.9%. In the third quarter of 2020, 

almost every 10th car sold in the EU was electrically powered 

(9.9%), compared to 3.0% in the same period last year. The support 

measures introduced by various countries to stimulate demand for 

cars in the wake of the COVID-19 pandemic have put 

conventionally powered vehicles at a disadvantage. However, diesel 

and petrol cars still account for more than 75% of total EU car sales 

from July to September. This strong growth is mainly due to the 

introduction of incentives by national governments, which seek to 

stimulate demand in response to the pandemic, which is largely to 

the benefit of buyers of electric and hybrid cars. The European 

Commission plans to target € 100 billion for a "fair energy 

transition" over the next 30 years. The goal is that after 2050 the 

countries of the European Union will not pollute nature by burning 

fossil fuels. 47 measures are envisaged, including the introduction 

of new energy taxes, legislation on the production of batteries and 

clean vehicles, the installation of electric charging stations, waste 

treatment and more. The European Commission intends to award a 

€ 3.2 billion mega-subsidy to seven Member States for research and 

innovation in the production of electric batteries. The European 

Union is deeply concerned about the continent's dependence on 

batteries from Asia. 17 projects of European companies have been 

approved, and this move is part of a major push, led by Germany 

and France, to prepare the European Union for the mass emergence 

of EVs with the phasing out of petrol and diesel engines. 

On the other hand, the share of electricity in the European 

Union produced from coal (so-called brown gold) is as follows: 

Poland - 81%, Czech Republic - 56%, Greece - 54%, Bulgaria - 

45% and Germany - 40 %. Germany has announced that it will 

abandon fossil fuels by 2038 [7]. 

Electric vehicles also offer one of the few options for storing 

electricity for days and weeks. Energy storage allows for delayed 

and demand-oriented use, which reduces losses at production peaks 

and the need for other sources at electricity consumption peaks. 

Noticeable advancement is the Vehicle to Grid (V2G) system 

wherein the battery pack in a EV could act a power source for 

household equipments. Some of today‟s EVs come with a huge 

battery pack upto 100 kWh making it an easy portable power house. 

So with the right inverter the power from these battery packs can be 

supplied to the grid during peak demand hours. Then these EVs can 

be driven to solar powered charging stations to get them charged 

again, building a completely green eco system. 

Vehicle manufacturers are moving swiftly into EVs, and some 

are even tryong to develop business models that integrate storage to 

power both cars and homes. By developing the manufacturing 

capability to produce storage in cars, those same companies can 

also offer behind-the-meter storage to customers. Community-scale 

EV and electric energy storage systems are a major topic in the 

smart city conversation since they may improve mobility while also 

enhancing resistency for residents [3]. On the other hand, most of 

the EV owners have moved beyond just investing in charging 

station and now looking into intelligent charging and energy 

management. 

Many vehicle manufacturers, such as Volkswagen, BMW and 

Mercedes-Benz, are already investing in their own renewable 

energy production facilities and will at some point start offering a 

closed range of products and services - both selling EVs and 

charging them with electricity at their objects.  

What are the obstacles to the growing penetration of  

EVs in our daily lives, when it comes to personal light-duty 

vehicles? Currently, two main problems can be identified: the 

relatively high purchase price and the lack of sufficient charging 

points. At the moment, it is difficult for car manufacturers to profit 

from EVs, because there is one invincible factor in pricing and that 

is the value of batteries. According to a study by JATO Dynamics 

in 43 markets from the end of 2019, the average retail price of an 

EV is 81% higher than the average of other cars purchased by 

consumers [8]. The lack of charging stations makes EVs convenient 

for use mainly in urban conditions, i.e their purchase is justified in 

order to move around the city and/or as a second car in the 

household. An EV is an expensive investment, but refueling is 

approximately twice as cheap, for example, as refueling with diesel. 

By the way, according to a statement from December 30, 2019 

by Christian Schulze, Marketing and Research Director of the 

European division of Mazda, EVs with powerful batteries are more 

harmful to the environment than cars with diesel engines. The bills, 

of course, include the production and scrapping of batteries. 

Precisely because of their concern for the environment, Mazda does 

not intend to put a battery with a capacity of 95-100 kWh on its first 

electric car MX-30, but equips it with a battery with a capacity of 

35.5 kWh, which will not harm the environment so much. 

By 2020, Hyundai Motor will provide more than 80,000 zero-

emission vehicles to European customers, including Kona Electric, 

IONIQ Electric and NEXO. This will make Hyundai Motor the 

largest supplier of EVs in Europe in 2020. Incidentally, on August 

19, 2020, the international press reported that the serial electric 

vehicle Kona Electric with a battery capacity of 64 kWh set a world 
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record for maximum mileage with a single charge of 1026 km 

during a three-day test on the German track Lausitzring. Hundai 

Kona won the ranking for the most profitable EV in Bulgaria in 

2019. It is the best in terms of „price - mileage with one charge - 

power‟. 

Otherwise in Bulgaria, according to the Traffic Police as of 

October 14, 2020, the number of registered fully electric cars is 

1692. An Association of owners of electric cars in Bulgaria has 

been established [9]. In Bulgaria there are tax reliefs for EVs, which 

especially in Sofia and most cities do not pay for parking in the so-

called BLUE (set aside for parking in the central parts) and GREEN 

ZONE (with a wider range, outside the BLUE ZONE). No 

preference is provided for hybrids at this time. It is an interesting 

fact that in the city of Varna (the third most populous city in 

Bulgaria) the municipal authorities have provided 22 free charging 

stations for owners of EVs with two charging points each, and for 

the period September 18, 2020 - October 31, 2020 the number of 

EVS charges is 1693 and the reported electricity consumption is 

10492 kWh. The ultimate goal is to stimulate the use of 

environmentally friendly vehicles and improve the cleanliness of 

the air in the city. 

Electricity really pays off. The benefits include low total 

operating costs and low servicing costs. Maintenance, as suggested 

by the EV system itself, is significantly more limited than that of 

internal combustion engine (ICE) cars, mainly due to the lack of an 

exact engine. Regenerative braking significantly reduces brake 

system wear. In addition, additional benefits are available, such as 

exemption from parking fees and additional space for EVs in urban 

areas. A separate issue is the demonstration of an ecological way of 

thinking and the request for association with similar type of 

initiatives, such as the use of EV. 

It is generally agreed that the problem with the price of EV will 

be solved in a few years, taking into account two factors: the 

inevitable reduction in the cost of series production and the rapid 

development of technology. To solve the second problem, it is vital 

to create an appropriate charging infrastructure. Efficient, easily 

accessible charging stations with wide charging possibilities are 

needed. Currently, most of the available EVs are charged at home 

during the time when they are not moving. Therefore, when 

traveling longer distances, it is necessary to study in advance and 

plan the possibilities for recharging. In general, customers who 

want to buy an EV face a complex dilemma: either pay more for a 

large battery, or charge more often. The price of EVs continues to 

be significantly higher than that of cars in the same segment and 

class, as the value is determined mainly by the battery, which 

depends on how much mileage will be on a single charge. 

Respectively, the better the characteristics, the more expensive the 

electric vehicle. Practical research, development, testing and 

production are currently aimed at improving the volumetric energy 

density of battery cells (more kilowatt hours for the same volume). 

Mileage is influenced by factors such as road characteristics, 

weather conditions, driving style and additional load (air 

conditioning and heating system). The stage of the load cycle, 

potential, local concentration, temperature, and direction of the 

current all affect the aging and degradation of a battery cell [10]. 

According to some opinions, 3 factors are important for EVs – 

space, weight and efficiency. 

In order to promote the use of environmentally friendly 

transport, and in particular of hybrid and fully electrified vehicles, 

both for consumers and vehicles, it is necessary to build 

infrastructure for charging stations. Electric vehicles charging 

stations are complex systems. Charging stations in workplaces or 

public places support the market acceptance of electric vehicles. 

Charging time varies depending on the energy content of the 

battery, its type, and the type of supply equipment. Charging time 

ranges from 15 minutes to 20 hours or more, depending on these 

factors. In addition to cable charging, inductive charging is also 

possible: inductive charging equipment uses an electromagnetic 

field to transmit electricity to the EV without the help of a cable. 

Electric vehicles that are currently available do not use inductive 

charging, but a standard is being developed that is likely to be 

applicable in the future. Perhaps the most complex are precisely the 

non-contact or inductive contact points. They use the principle of 

transformer or electromagnetic induction. Generally speaking, half 

of the transformer for transferring energy for charging is installed in 

the EV, and the other half – in the contact point. There is a 

mechanism for accurate and automatic adjustment of the two halves 

of the energy transfer transformer. The huge advantage is that there 

is no cable connecting the EV to the contact point, but the system is 

complex and can have significant transmission losses. 

The crucial importance of electrical connectors for providing a 

connection has led to the development of many standards and other 

documents that describe their electrical and mechanical properties 

and tools for testing and certification. They are relatively expensive 

elements of the electrical and electronic installation of any system 

and largely determine its reliability. The manufacturer usually 

guarantees at least 10,000 switching on and off between the socket 

and the plug. With an average of three starts per day, this means 

that the plugs will be able to be used in normal operation for about 

111 months, which is good reliability. 

Externally installed charging stations in use are safe even if the 

vehicle is charging in the rain. The installation of chargers for EVs 

must comply with national and international laws and regulations. 

Permission for such installation must be obtained after fire, 

electrical and environmental inspection. 

There are several directions in which charging stations for EVs 

are developing. On the one hand, they are working to increase their 

power and the ability to charge several vehicles at the same time, 

and on the other hand, various methods are being developed for 

more convenient management of charging stations and the use of 

different payment methods when they are installed for commercial 

purposes.  

Usually during the working week personal cars are used for 0.5 

- 2 hours before the working day and 0.5 -2 hours after its end. They 

spend 8-9 hours a day in the parking lot in front of the workplace 

and this creates conditions for recharging the EVs battery. It is clear 

that in urban and suburban use of the EV, charging and recharging 

the batteries is not a problem. Of course, the charging station 

requires a certain initial investment. A well-made and maintained 

charging station can then function for many years, as it is an 

electronic device that wears very little. This makes such an 

investment justified. Given that most batteries use the accumulated 

energy only at 55-80%, it can be calculated how long they will have 

to charge if they are completely exhausted. Therefore, it is assumed 

that users of EVs will have to recharge them at every opportunity, 

without waiting for full discharge, which usually shortens battery 

life. 

Charging at home at a night rate costs in Bulgaria about 0.125 

BGN / kWh or about 2.30 BGN per 100 km. The daily tariff is 

almost twice as expensive and this is one of the reasons why it is 

recommended to charge an EV at night. By the way, according to 

Eurostat data from November 2019, Bulgarian households pay for 

the cheapest electricity in the EU, as the average price is 9.9 

eurocents per kWh, while the average level in the EU is 21 

eurocents. The most expensive is electricity in Germany - 30.9 euro 

cents and Belgium - 28.4 euro cents. Charging of public charging 

stations varies from free (in order to attract customers to a 

commercial site or with incentives through public funds) to 0.55 

BGN / kWh (about 9-10 BGN / 100 km). Kaufland maintains an 

infrastructure network of completely free, fast-charging 50 kW DC 

power stations, accessible to all in a number of its parking lots 

across the country. This is part of the company's vision for a 

modern and green urban environment with the environment in 

mind. The stations can charge two EVs at the same time. The 

investment for each charging station is about 80,000 BGN. 
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Significant efforts are being made to harmonize terminology 

and develop common standards and systems applicable to all 

electric vehicles, hybrid vehicles and charging stations. There is still 

much to be desired, as there is no universal standardization even at 

the level of the electrical network, both in voltage (110 V, 117 V, 

220 V, 240 V, etc.) and in frequency, direct current, 50 Hz, 60 Hz, 

400 Hz), conductors, current thresholds, types of contact points and 

other basic elements of the mass electricity distribution network. 

The main organizations that deal with the clarification of 

terminology and development of standards in this area are SAE 

International (SAE - Society of Automobile Engineers) and the 

International Electrotechnical Commission (IEC). Some of the 

standards in this field are SAE-J1939, JVES G105, UL2251, SAE-

J1772, IEC60309, IEC61851, IEC 62196 and others. 

Technical features and trends for EV charging stations are 

discussed in [11], and the situation in Bulgaria - respectively in 

[12]. 

Different brands of EVs with different technical characteristics 

are produced in the world. There are several problems: slower entry 

of technology, thanks to the fact that quotas for EVs go more to 

more developed markets such as the Netherlands and Norway, and 

when there are no EVs, there is no way for the accompanying 

infrastructure to develop so quickly. 

The on-board chargers, which are built into the EVs themselves, 

work effectively only at a certain charging speed. Every car 

manufacturer describes this optimal charging speed necessary for 

the efficient operation of the on-board charger. The charging time 

of the EV depends on the power of the on-board charger and the 

charging station. Changes in ambient temperature can also affect the 

behavior and performance of power supplies, making understanding 

the power supply‟s operational temperature range crucial to the 

reliability. 

 Attention should be paid not only to the mileage and efficiency 

of the EV itself, but also to the efficiency of its charging system. 

Batteries from older lithium-ion technologies suffer from the 

„memory effect‟, which is currently being overcome, meaning that 

the battery of the EV can be partially charged as often as you want, 

without leading to its premature damage. How long a battery will 

last depends a lot on the way the car was driven by the original and 

each subsequent owner. Analysts believe that EVs will soon 

become the largest consumer of lithium-ion batteries - a position 

that is currently occupied by the consumer electronics sector. 

 Experts from the Canadian company Geotab, specialized in the 

management of car fleets with systems for global positioning and 

follow-up have calculated the speed at which batteries of electric 

vehicles lose the capacity. The study included 6,300 EVs from 

various brands around the world. According to the authors of the 

study, batteries lose an average of 2.3% of their capacity per year. 

For example, with an EV with a mileage of 150 km in 5 years, this 

mileage will decrease by 20 km. However, Geolab has argued that 

the depreciation rate depends to a large extent on the characteristics 

of the cooling system. Canadians note that the decline in battery 

efficiency may be non-linear - low losses at the beginning are 

sometimes followed by a series. The charging speed also affects the 

battery life [13]. In general, for comparison - the loss of mobile 

phones is 4% per year. Battery life depends mainly on the number 

of charge / discharge cycles, not just the years of operation. 

As is well known, the rechargeable battery is the main source of 

electricity for driving EVs and for ensuring the normal operation of 

all on-board devices and systems. After running out of electricity, it 

must be recharged. Recharging the battery means restoring its initial 

electric charge and, consequently, the energy capability of the EV. 

In "pure" EVs, this is done technologically with electric current by 

connecting to an external source of electricity [14]. 

Usually the on-board charger (OBC) is part of the EV and is 

single-phase - with up to 3.7 kW power or three-phase device with 

11 kW power. It should be borne in mind that the possibility of 

charging is determined by the weakest link in the circuit (the mains 

socket, cable or power supply used). Another feature is that when 

charging high-voltage batteries, their maximum capacity (State Of 

Charge, SOC) must not be reached in order to be able to recharge 

when stopping or descending, ie. in recuperation. The available 

capacity is limited via a state-of-charge buffers by a software way, 

thus reducing mileage, but the rechargeable batteries last much 

longer. 

Modern EVs, with few exceptions, support two types of 

charging: 

А) AC Charging. AC charging speed is slower than DC 

charging speed. Usually this is how an EV is charged while it is 

parked in the garage, on the street, in front of the office, in front of 

the cinema, in the parking lot in malls, etc. In this way, although 

charging is slower, it practically does not take any time for the user. 

Slow charging is much more gentle on the battery, extends the life 

of the EV and is recommended for everyday use. Typically, EVs 

sold in Europe have a standard AC port known as Type 2. AC 

charging uses an on-board charger that is integrated into all EVs. It 

dissipates the incoming alternating current and converts it to direct 

current, with a conversion loss of up to 10%. One of the main 

parameters when choosing an EV should definitely be the power of 

the built-in (integrated) charger, which determines how fast it can 

be charged at much cheaper and much more widespread AC 

charging stations. 

Depending on the capabilities of the charging converter 

installed in them, the following AC charging capacities can be used 

for the different models of EVs: 

 Charging from a regular mains socket (Schuko type - 230 

V). A Schuko-to-Type2 accessory is used, which is usually supplied 

with the EV. The household contact is familiar to each of us. We 

include all kinds of household appliances in the socket and usually 

the charging power from a household socket is up to about 2.5 kW. 

The short name for household socket, which we have been using for 

a long time in Bulgaria, is SchuKo, which is an abbreviation of the 

German Schutz Kontakt or grounded socket. The charging power is 

between 2.3 kW and 3.6 kW and must comply with the electrical 

installation - wire cross section, curve and switching-off current of 

the protective fuse. 

 Charging from an AC charging station. The charging 

speed again depends on the EV model. Most often the charging is 

with single-phase current 32 A, which gives a power of 7.4 kW. 

Some EV models support three-phase charging from 11 kW to 22 

kW. Some charging points have a built-in Type2 cable, while others 

require you to plug in your own. 

B) DC Charging. The possibility of the fastest charging is 

provided by the direct current (DC) charger. Most DC charging 

stations today offer power of 50 kW, but there are also those with 

lower levels - about 20-25 kW. There is currently a need to move to 

levels of 100-150 kW, even up to 400 kW, to service the next 

generation of electric vehicles with much higher capacity batteries 

(80 kWh and more) [14]. 

A DC charging station gets AC power form the grid and 

converts it to DC voltage and uses it charge the  battery pack 

directly by by-passing the On-board Charger (OBS). These chargers 

normally output high voltage of upto 600 V and current upto 400 A. 

The disadvantage of this type of charger is its complex 

engineering where it needs to communicate with EV to charge it 

efficiently and safely. 

Whatever EV is connected to a DC charging station, the 

charging speed (power) is the same. The reason for this is that the 

alternating current from the mains has already been transformed 

into direct current outside the EV and can be applied directly to the 

battery. DC chargers are currently only used for public stations, but 

are an extremely convenient and easy form of charging when the 

user is in a hurry. It takes up to 75 minutes to charge a high-

capacity battery from 0 to 80%. There is also the fact that charging 

over 80% on a fast charging station is significantly slowed down so 

INDUSTRY 4.0 2020, WINTER SESSION

172

 



as not to overload and damage the battery. Fast DC charging 

stations can be found most often on highways, as well as in the 

parking areas of large retail chains. 

In Fig. 1 are shown EV on-board chargers and charging stations. 

 

 
Fig. 1 EV On-board Chargers and Charging Stations [15] 

 

Determining the efficiency of the on-board charger for 

home 10A charging 

Nearly 80% of the owners of EVs charge their batteries at 

home, and 15% - at place of work. 

How is the efficiency of the on-board charger determined? The 

example given below is for a specific model of EV [16]. 

Peugeot e-208 

 Mileage: 340 km 

 Energy consumption: 17.6 kWh/100 km (with charging 

losses)  

 Usable battery capacity: 46 kWh 

First we calculate the Energy consumption without charging 

losses. 

340 km  46 kWh 

100 km  X 

X = 46 x 100 † 340 = 13.53 kWh/100 km 

Now, if we divide this number by 17.6 kWh / 100 km, we get 

the efficiency of the on-board charger. 

Y = 13.53 † 17,6 = 0.76875  77%. 

 

This is how the efficiency of the on-board charger is calculated. 

We remind you that these are results when charging with the largest 

losses, namely from household contact with a current of 10 A. 

When charging with 32 A (per phase) from a charging station, the 

results are much better. 

 

3. Results and findings 

The advantage of an AC charging station is that the on-board 

charger will regulate the voltage and current as required for the EV 

hence it is not mandatory for the charging station to communicate to 

the EV.  

Results obtained for single-phase EVs available on the market 

are presented in Table 1, and for three-phase EVs - in Table 2, 

respectively. The information applies to BEV - battery-powered 

electric vehicles - electric vehicles that are powered only by an 

electric motor(s) and powered only by a battery, usually lithium-ion 

and PHEV - Plug-in Hybrid Electric Vehicles, which are equipped 

with two the drives - electric and ICE and the batteries can be 

charged directly from the mains, as well as from ICEs. Regarding 

the battery pack capacity, the actual available one is indicated, not 

the nominal one. 

The basic information is provided by [16] and additionally data 

are collected from publicly available sources - official car 

manufacturers, their representatives and dealers. A column can be 

added for the consumption of electric vehicles, defined as kWh / 100 km or 
€ / 100 km, as well as for the mileage with one charge. However, this would 

make the created tables unnecessarily bulky and heavy. 

Table 1: Charging time at 22 kW AC charging station of single-phase 
electric vehicles 

Car brand/model Type OBC 
Power, 

kW 

Battery pack 
capacity, 

kWh 

Charging 
time, h 

1 2 3 4 5 
BMW i3 until mid-2016 EV 7.4 18.8 2.5  
BMWi8 PHEV 3.7 10.4 3  
BMW 225xe Active Tourer PHEV 3.7 10 3.2  
BMW 530e Sedan/xDrive 
Sedan 

PHEV 3.7 12 3.6  

BMW745р/745Lе/Le 
xDrive 

PHEV 3.7 12 3.6  

BMW X1 xDrive25e PHEV 3.7 34 3.2  
BMW X2 xDrive25e PHEV 3.7 34 3.2  
BMW X5 xDrive45e PHEV 3.7 24 6.8  
Chevrolet Bolt 2019 EV 7.4 60 8  

Citroen C-ZERO EV 3.7 14.5 4  
DS 3 Crossback E-Tense EV 7.4 47.5 7.5  

FIAT 500e USA until 2018 EV 6.6 24 3.5  

FORD MUSTANG MACH-
E 

EV 7.4 70 11  

HONDA E EV 6.6 32 6  
Hyundai IONIQ Electric EV 6.6/7.2 28/38.3 4.5/6  
Hyundai IONIQ Plug-in 
Hybrid 

PHEV 3.3 7.1 3  

Hyundai Kona until March 
2020 

EV 7.2 39/64 5.5  

Jaguar I-Pace EV 7.4 84.7 11.5  
KIA Soul II EV until 2018 EV 6.6 27 n.a. 
KIA Soul EV 2 after 2019 EV 7.2 39.2 / 64 6.5/10.5 
KIA e-Niro until June 2020 EV 7.4 64 9  

KIA NIRO Plug-in Hybrid PHEV 3.3 7.1 3  
Lexus UX300e EV 6.6 54.3 n.a. 
MAZDA MX-30 EV 6.6 32 6  
MG ZS EV EV 7.4 44.5 6.5  
Mercedes-Benz EQC 2019 EV 7.4 80 13  
MERCEDES E 300 PHEV 7.4 10.8 2  
Mini Countryman PHEV 3.7 6.5 2  
Mitsubishi iMiEV EV 3.7 14.5 4  
Mitsubishi Oultlander PHEV 3.7 13.8 3.5  
Nissan LEAF 1 2011-2017 EV 3.3-6.6 38 6  
Nissan LEAF 2 2018~ EV 6.6 60 9 
Nissan E-NV200 EV 6.6 40 7.5  
Opel Corsa-e 2020 EV 7.4 47.5 8  
Opel AMPERA-E EV 7.4 58 8  
Opel VIVARO-E EV 7.4 50/75 8/12  
PORSCHE CAYENNE E-
HYBRID 

PHEV 3.6-7.2 12 4  

PORSCHE PANAMERA 
E-HYBRID 

PHEV 3.6-7.2 12 4  

PEUGEOT E-2008 SUV EV 7.4 47.5 7.5  
Peugeot e-208 EV 7.4 47.5 7.5  
Peugeot iOn EV 3.3 14.5 4/6  
Renault Kangoo ZE EV 7.4 31 4  
SEAT MII ELECTRIC 
(MODEL 2020) 

EV 7.2 32.3 5.5  

SEAT el-Born EV 7.2 62 n.a. 
SKODA CITI GO E IV 
(MODEL 2020) 

EV 7.2 32.3 5.5  

THINK CITY EV 3.7 23 8  

TOYOTA PRIUS PHEV 3.3 7.0 2.5  
Volkswagen e-Golf EV 7.2 32 5.34  
Volkswagen e-Up! 2011 EV 3.7 16 4  
Volkswagen e-Up! 2020 EV 7.2 32.3 5.5  
Volkswagen Passat PHEV 3.7  2.75  
Volvo XC90, XC60, V90, 
S90, V60, S60 

PHEV 3.7 9.9 3  

Volkswagen ID.3 EV 7.2 45 7.5  
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Table 2: Charging time at 22 kW AC charging station of three-phase 
electric vehicles 

Car brand/model Type OBC 
Power, 

kW 

Battery pack 
capacity, 

kWh 

Charging 
time, h 

Audi e-tron Quattro 
Sportback 50 

EV 11 64.7 n.a.  

Audi e-tron Quattro 
Sportback 55 

EV 11 86.5 11.5  

BMW i3 after July 2016 EV 11 37.9 5  
BMW ix3 after January 
2020 

EV 11 74 12  

Jaguar I PACE EV 7/11. 90 12.7/8.5  

KIA e-Niro after June 2020 EV 11 n.a. n.a. 
Mercedes-Benz B-Class ED 
until 2017 

EV 9.6 28 n.a. 

Mercedes-Benz EQA after 
2020 

EV 11 60 11  

Mercedes-Benz EQV after 
2020 

EV 11 90 13  

MINI COOPER SE EV 11 28.9 5 

Mustang Mach-E SR/ER EV 11 70/90 12/13 

POLESTAR 2 (Volvo) EV 11 75 12  

Porsche Taycan EV 11/22. 71/83.7 11/13.5 

Renault ZOE EV 22 41 / 52 5.5 / 8.5  

Skoda Vision IV EV 11 83 13 

Smart EQ EV 22 16.7 3.5  

Tesla Model 3 (European) EV 11 62 8  
Tesla Model S (European)  EV 16.5 95 14  

Tesla Model X (European)  EV 16.5 95 14 

Tesla Model Y EV 11 74 12 

TESLA CYBERTRUCK 
SINGLE MOTOR 

EV 11 100 16 

Volkswagen ID.3 EV 11 58/77 11/12 
Volvo XC40 EV EV 11 75 12 

 

How long do some EVs charge "fast": 

- Nissan claims that the LEAF Plus battery is charged to 80% in 

60 minutes from 50 kW charger or for 40 minutes at 100 kW; 

- Hyundai Motor states that Kona Electric reaches 80% of the 

battery charge in 75 minutes at 50 kW or for 54 minutes at 100 kW; 

- Jaguar Land Rover claims that the I-Pace charges up to 80% in 

40 minutes at 100 kW; 

- Audi says that the e-tron's battery can be charged up to 80% in 

just 30 minutes, but with a 150 kW charger. 

- Mercedes-Benz claims that its EQC model is charged at 80% 

in 40 minutes at 110 kW, but not from scratch, but from 10%. 

Of course, all these results have been obtained in the laboratory 

conditions and do not take into account many factors that can occur 

in everyday life (air temperature, battery condition, etc.), but still 

give some idea of the charging speed. 

Fig. 2 presents the personal EV of the first author. 

 

Fig. 2 The personal EV of the first author 

4. Conclusions  

The results obtained could be of great practical importance 

when someone decides to buy an EV or to build a charging station 

by offering the charging service. Statistics are a good guide and 

help to make the right investment and marketing decisions. 

On-board chargers are an important component of EV electrical 

equipment. The overall behavior of the vehicle during charging 

periods between service intervals depends on their normal 

operation. 

As with most of the technologies that are just entering our daily 

lives, EVs are no exception and there are many myths and 

misconceptions about them. 

Electric vehicles will change the purity of the air in cities, i.e. 

the environment in which people find themselves on a daily basis. 

We all want to breathe cleaner air. In addition to reducing carbon 

dioxide emissions and pollution from noise and noise, dependence 

on imported hydrocarbon fuels is also reduced and the energy 

security of individual countries is increased. Another benefit is the 

wider use of renewable energy in transport, the creation of "smart 

grids", the integration of EVs in them, the increase in the efficiency 

of conventional power plants and the development of the respective 

national electricity system. Active community action is needed, 

including the potential of all experts and supporters, for the 

development of the new economic sector - electric mobility. In this 

regard is the construction of sustainable educational models, i.e. 

changes in the education system in terms of vocational education 

and training in this area. This is necessary to prepare the necessary 

staff - technician and electrician of EVs in high school, engineers, 

bachelors and masters in universities. Doctoral studies have already 

been introduced in the specialty. 

Electric vehicles are still a novelty for the Bulgarian reality - 

they are below 1%, but the awareness that this is a more efficient 

and environmentally friendly future of transport is growing. 

Reducing air pollution is one of the most important priorities we 

must set as citizens and as a society. This is linked to a long-term 

electrification strategy, which requires daily efforts to catch up by 

disseminating information and offering services.  

Electric vehicles are the cars of the future and are a solution for 

a cleaner planet, easier and cheaper to move, especially in an urban 

environment, where the advantage is easy parking. No one can say 

how long the transition to EVs will take - the transition to electric 

drive will depend mainly on consumer interest. Or maybe EVs are 

just a temporary (transitional) solution. No wonder the technology 

of the future is different. Perhaps. 
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Abstract: In the presented paper is examined the need for digitalization of cultural and historical sites. Approaches for 3D digitalization by 

using 3D scanners and photogrammetry are presented. A 3D printing of digitalized objects is accomplished. The photogrammetry method is 

examined and used as a possible solution for the digitalization and creation of 3D models. The models can be explored by visually impaired 

people. A monument from the Cultural and Historical site of Bulgaria is 3D digitalized and 3D printed by using a drone, photogrammetry 

software, and 3D printer. 
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1. Introduction 

The preservation of cultural and historical monuments, 

buildings, objects, sites, etc. nowadays is an actual and interesting 

topic. By using different approaches, preservation and 

digitalization is affordable and can be used for different purposes. 

The most important is that nowadays the world loses the cultural-

historical monuments faster than they can be digitalized [1]. 

Another one of the purposes is presenting the content of cultural-

historical sites to visually impaired or blind people, which will 

allow them to explore the monuments, to increase their quality of 

life. Thus it allows exploring sites all over the world without 

leaving your home. 

Photogrammetry is an affordable way to digitalize monuments, 

buildings, etc. The main feature of photogrammetry is that it starts 

from 2D image analysis to find 3D shape information even if the 

approach used is sometimes different. Initially, the goal of 

photogrammetry is to measure the position of a set of 3D points. 

The main purpose of photogrammetry was for cartographic 

purposes. Therefore the technique is related to achieving the best 

access to metric accuracy. More precise and expensive methods are 

3D laser scanning technologies [2, 3, 4, 5].  

The paper presents a 3D digitalization method and 3D printing 

of Vasil Levski monument, a national hero, and a fighter for 

Bulgarian freedom. 

2. State of the Art 

Nowadays the technologies provide a wide range of types of 

digitalization such as 3D scanning, 3D modeling, photogrammetry, 

etc.  

By using 3D modeling techniques, the team has expertise in 

3D digitalization. Part of the authors of Prof. Karastoyanov team – 

head of Embedded Intelligent Technologies and SMART LAB, 

together with the team of Prof Virginio Cantoni – head of 

department Computer Vision & Multimedia Lab from Pavia 

University took part in the exhibition “Pavia. The Battle. The 

Future – 1525-2015, Nothing was the same again” organized as a 

satellite event of EXPO 2015 in Milan. Seven famous medieval 

tapestries were shown as tactile plates to visitors including the 

visually impaired who could touch them, shown in fig. 1. The 

tactile tile has a Braille annotation in the characters, as well as a 

legend for the annotation. As well as characters from the tapestries 

were extracted as 3D models, which were again introduced to 

visually impaired and blind people, shown in fig. 2 [6].  

3. Methods and Means 

Another approach for 3D digitalization of cultural-historical 

sites is by using 3D scanners. The SMART LAB team uses a 3D 

scanner Creaform VIU Scan, shown in fig. 3 for the digitalization 

of small objects of cultural and historical sites. The scanner has the 

following parameters: 18 000 measures per second, geometry 

resolution of 0,1 mm, accuracy up to 50 μm, graphic resolution 

from 50 to 250 DPI, 24 bit sRGB, depth of scanning – 30 cm, 

output formats .ma, .dae, .obj, .x3dz, .x3d, .zpr, .wrl, etc. 

 

 

Applications: reverse engineering, quality control, and preservation 

of cultural and historical heritage. An example of the preservation 

of cultural heritage is shown in fig. 4. By using the 3D scanner, the 

object is scanned, processed, and after that3D printed. This method 

is great for small objects, but it is not convenient for using it for 

large objects. 

The 3D modeled and 3D scanned objects were 3D printed with 

ProJet 460Plus full-color 3D printer (Fig. 5) is one of the most 

affordable color 3D printers in its class concerning the ease-of-use 

it provides. It incorporates 3 CMY color channels.  

 

     

             a) 2D original source             b) 3D modelled object 

 

c) 3Dprinted object 

Fig. 2. 3D digitalization and 3D printing of 2D object 

 

Fig. 1. Tactile tile of Pavia tapestry 
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Technical specifications include 300 x 450 dpi resolution, 0.1 

mm layer thickness, and 203 x 254 x 203 mm (X, Y, Z) 

dimensions of the maximum printed object. The input data file 

formats supported are STL, VRML, PLY, 3DS, FBX, ZPR. [6]. 

 

 

 

 

4. 3D Digitalization by Using Photogrammetry 

Using photogrammetry for generating accurate and detailed 3D 

imaging models is a great and relatively affordable option, also are 

provided tools for this method, aiming to be used by a wide 

community of users at a limited cost. Different types of processing 

tools or acquisition procedures based on the type of object to be 

investigated (assessment of geometry, texture, spacing, shape 

complexity, etc.) need to be considered. The Photogrammetry 

definition states that: Photogrammetry is an art and science to 

determine the position and shape of objects in the photographs [2, 

3, 5, 7, 8, 9]. 

For digitization to preserve monuments and sites of cultural 

and historical heritage, as well as to create 3D models, it is 

necessary to carry out a methodology. 

• Selecting a suitable digitization site; 

• Use of appropriate imaging techniques; 

• Technique setup - using drones - flying speed, shooting 

interval, radius, height, etc.; 

• Processing of the data obtained from the technique (photos, 

videos); 

• Selecting the right software to create 3D models from 2D 

images; 

• Image processing in software for photogrammetry; 

• Processing the obtained 3D model; 

• Preparation for 3D printing; 

• 3D printing. 

The last two steps of the methodology are to create 3D models 

that can be provided for example to disadvantaged people (visually 

impaired or blind) who cannot enjoy the rich cultural and historical 

heritage, except by "seeing" the object by tactile perception. 

5. Experimental Results 

Following the established methodology and using a drone in 

synergy with software for photogrammetry is 3D digitized a 

monument of cultural and historical heritage in the town of 

Lovech, Bulgaria. On the monument is the fighter for freedom of 

Bulgaria - Vasil Levski, shown in fig. 6. The monument was 

opened on 27 May 1964 and it is the largest and most impressive 

monument of Vasil Levski. On a 5-meter granite, pedestal stands a 

height of 9 meters high and a mass of 10 tons, a sculptural and 

architectural monumental figurine of Vasil Levski. The total height 

of the monument is 14 meters. Under the figure with brass, letters 

are written "Vasil Levski (1837 - 1873). If I win, I win for the 

whole nation, if I lose - I lose only myself". The monument is part 

of the coat of arms for 40 years, and a symbol of the city. It is 

located in the Varosha Architectural and Historical Reserve. The 

construction of the monument was accomplished thanks to the 

head of the Education and Culture Department of the People's 

Council of the People's Republic (Lovech) Genoveva Sirkova, 

which in 1959 submitted a proposal for its construction with the 

motivation that the city is the capital of the great Apostle and the 

most of his time he spent in Lovech [10]. 

The dimensions of the monument are impressive, the use of 

stairs and specialized techniques for reaching and digitizing with a 

3D scanner makes the task labor-intensive, expensive, and risky. 

For this reason, a drone and photogrammetry were used. 

More than 200 photographs from different angles, heights, and 

positions of the monument were made to achieve the goal. An 

exemplary position of the pictures is shown in Fig. 7. Also, 

additional photos are taken from the top. 

In fig. 8 is the 3D reconstructed object model. The 

reconstructed model is prepared for processing. After the editing 

and additional modeling, the monument is cleared of unnecessary 

details such as trees, shrubs, and others. The next step is preparing 

for 3D printing shown in fig. 9. 

     

Fig. 5. 3D Printer ProJet 460Plus 

     

     a) Object of cultural heritage           b) 3D printed object 

Fig. 4. 3D digitalized object of cultural-historical heritage object 

 

Fig. 3. Portable 3D scanner 
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By using the methodology, digitizing, 3D printing the model is 

an incredible way offered by modern technology. This way of 

presenting monuments of cultural and historical heritage enables 

these objects to be scaled and given to the hands of blind users. On 

the other hand, these models can be implemented in the teaching 

process, to be used in schools for teaching. The printed model is 

shown in fig. 10. 

This innovative method for 3D presentation of cultural and 

historical sites by 3D models for the disadvantaged (low-sighted or 

visually impaired) targets a societal challenge: "health and quality 

of life, cultural and historical heritage, ICT". By using this method 

and scaling the large monuments will allow the visually impaired 

people to explore them. 

 

6. Conclusion 

In conclusion, it can be said that with advancing and developing 

the technology of the drones, their cameras, on the other hand, 

imaging and photogrammetry software, their use in synergy is a 

relatively easy, affordable, and inexpensive way to digitize 

monuments, buildings, and objects of cultural and historical 

heritage. The methodology allows the use of these objects by 

disadvantaged users (visually impaired or blind). In this way, this 

group of people is allowed to learn about the cultural and historical 

heritage, to improve their quality of life, and to continue exploring 

the wonders of the world. 
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Abstract: A survey was carried out at the Technical University in Košice within the project APVV-15-0351 "Development and 

application of risk management models in terms of technological systems in accordance with the Industry 4.0 strategy" in order to provide 

companies with relevant information for assessment how managers in Slovak industry perceive the readiness of organizations to implement 

Industry 4.0, their current situation and the use of deeper knowledge of the environment in the application of elements of Industry 4.0 for the 

benefit of their further development. The survey was conducted anonymously. 
Keywords: INDUSTRY 4.0, SURVEY, INTEGRATED SECURITY 

1. Introduction 

In the last decade, most developed industrial countries have 

been intensively involved in the beginning of the so-called Fourth 

industrial revolution known as Industry 4.0. It is a concept based on 

such elements as the industrial internet, cyber-physical system, 

artificial intelligence, additive manufacturing, etc. It turns out that 

the early capture of the beginning of this industrial revolution is 

crucial for individual industrially oriented countries, not only in 

terms of their competitiveness. Globalization and the resulting risk 

factors (data security, sensitivity, and vulnerability of information, 

crisis preparedness) will examine the impact of digitization on the 

continuity of business management. Even in Slovakia, which is 

industrially oriented, many experts from practice, academics and 

usually also politicians deal with this issue. They come with 

different opinions, views, knowledge, and determination to 

introduce Industry 4.0 to various areas of Slovak industry. The 

crucial question is whether Slovak industrial enterprises are 

sufficiently prepared for the introduction of Industry 4.0 [1]. 

2. Digitization 

 

Digitization and automation of production and logistics 

technologies as part of Industry 4.0 bring several positive aspects 

[2]. They create conditions for the expansion of production 

capacities, assertion in a competitive environment through 

increasing productivity and quality of manufactured products, new 

opportunities and new customers, replacement of people in 

dangerous operations and events. Individual stages of digitization in 

organizations can be described up to five levels, Table 1.  

Table 1: Stages of digitization 

Dimension 

Vertical 

Integration  

Dimension 

Horizontal 

Integration  

Dimension 

Digital Product 

Development  

Dimension 

Cross-sectional 

technology 

criteria  

Stage 5 – Optimized full digitization: 

The company is a showcase for Industry 4.0 activities. It collaborates 
strongly with its business partners and therefore optimizes its value 

networks. 

Continuous 
cross-corporate 

integration that 

is constantly 
optimized. 

Continuous 
cross-

corporate 

integration 
and 

collaboratio

n in value 
networks. 

Product 
development 

is processed 

digitally 
inside and 

outside the 

company 
(digitized 

end-to-end 

solution). 

Simulation and 
optimization of 

value and 

information flows 
in real-time within 

the value network. 

IT security adjusts 
promptly to new 

risks. Occurring 

security problems 
are immediately 

solved. 

Encryption is 

optimized along 

the value 

networks. 

Stage 4 – Full digitization: 

The company is completely digitized even beyond corporate borders 

and integrated into value networks. Industry 4.0 approaches are 

actively followed and anchored within the corporate strategy. 

Continuous 

cross-corporate 
integration. 

Continuous 

cross-
corporate 

integration 

in value 
networks. 

Product 

development 
information 

are digitally 

forwarded. 

Service-oriented 

cloud-based 
platform. Services 

are offered for the 

partners in the 
value networks. 

Information and 

data are 
exchanged in real-

time along the 

supply chain. 
Optimization of 

the entire 

production 
through Big Data 

solutions. Access 

to data is 
protected. Cross-

corporate 

encryption of data 
and authentication 

for global access. 

Stage 3 – Horizontal and vertical digitization: 

The company is horizontally and vertically digitized. Requirements of 

Industry 4.0 have been implemented within the company, and 

information flows have been automated. 

Complete 
internal/enterpr

ise-wide 

integration of 
all enterprise 

systems and 

machines. 

Complete 
internal/ent

erprise-

wide 
integration 

of all 

enterprise 
systems 

and 

machines. 

Product 
development 

is 

continuously 
digitally 

supported. 

SOA has been 
established. All 

functions are 

provided as 
services. (Semi-) 

products and their 

functionalities are 
available as 

services. To 

exchange 
information 

within the 

enterprise, cloud 

principles are 

applied. 

Production is 
adjusted and 

optimized in real-

time. IT security 
is increased using 

an advanced 

security model. 
Access to data is 

continuously 
protected, and 

data is transmitted 

in an encrypted 
state within the 

enterprise. 

Stage 2 – Cross-departmental digitization: 

The company is actively engaged with Industry 4.0 topics. Digitization 
is implemented across departments and first Industry 4.0 requirements 

are implemented throughout the company. 

Cross-
departmental 

integration. 

Cross-
department

al 

Production and 
product 

development 

Implementation 
of first services 

(SOA with an 
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integration. are supported 
by several 

enterprise 

systems. Data 

and information 

exchange are 

not 
automatized. 

enterprise 
service bus 

(ESB)). First 

experience with 

Big Data and its 

applications. 

Development of 
the first IT 

security models. 

Stage 1 – Basic digitization level: 

The company has not addressed Industry 4.0. Requirements are not or 
only partially met 

Integration of 

enterprise 
systems only 

departmental-

specific. The 
enterprise 

systems along 

the enterprise’s 
value chain 

support only 

their respective 
fields of 

activity. 

Integration 

of 
enterprise 

systems 

only 
department

al-specific. 

The 
enterprise 

systems 

along the 
enterprise’s 

value chain 

support 
only their 

respective 

fields of 
activity. 

Product 

development is 
not digitally 

supported. 

No service-

oriented or 
cloud-based 

approaches. 

Data and 
information 

flows are not 

used for product 
improvement/op

timization. 

Confidentiality, 
availability, and 

integrity of the 

data are not 
guaranteed. 

 

 

It is not possible to assume that in a company with a lower level 

of digitization there are fewer risks, but the nature of the risks is 

changing and so is the way they are managed. If the Industry 4.0 

strategy is implemented, there will be fundamental changes in the 

conditions for the employment of employees in the conditions of 

production processes of goods and services. Through the 

implementation of the individual phases of Industry 4.0, the work in 

the production lines will be refined and humanized. Simple manual 

actions disappear. Employees will be coordinators who ensure 

smooth production and will act only when their machine calls for 

action. It can be stated that areas, where Industry 4.0 elements are 

not implemented, will be more oriented to the area of Safety, while 

areas, where Industry 4.0 elements are more actively used, will be 

more oriented to the area of Security [3, 4]. 

3. Survey of Slovak companies 

The survey was focused on Slovak industrial companies. It was 

performed in electronic form in the years 2017-2019 in 53 Slovak 

companies. The survey consisted of three areas, the first was 

general about the company, the others were about two areas:  

1. integrated safety&security, 

2. analysis of the elements of Industry 4.0 in the 

companies. 

The survey was based on subjective estimates of the top 

managers of the organization. The first part of the survey was 

general, descriptive about the organization. This part consisted of 6 

questions. Out of the total number of 53 respondents, the most 

respondents from the automotive industry were 41.5% with the 

number of employees more than 250, Fig.1. 

 

Fig. 1 Areas of operation of organizations 

 

The second area was the analysis of the current state of 

integrated security in the companies. It consisted of 23 questions. 

Regarding the area of the integrated security survey, 37.7% (Fig. 2) 

of the respondents answered that the idea of integrated security in 

their company has long been implemented by top management, 

regularly re-evaluated and systematically improved, and that it is 

promoted mainly by security technicians. 41.5% of respondents 

answered that integrated security is part of the corporate education 

system. When asked how the risk management system is integrated 

into the process or management of the company, 34% answered that 

in an appropriate way in all major processes. 

 
Fig. 2 Attitude of top management to integrated security in the companies 

 

Out of the total number,  62.3%  answered that the requirements 

for integrated security are also introduced into maintenance 

activities such as employee monitoring, identification when 

uploading data to the CMMS (Computerized maintenance 

management system), etc., Fig. 3. 

 

        
Fig. 3 Question regarding integrated safety requirements implemented in 

maintenance activities 
 

Furthermore, up to 77.4% of companies apply maintenance 

management concepts (e.g. TPM, RCM, RBI) as part of machine / 

equipment risk management, Fig. 4. 
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Fig. 4 Maintenance management concept (e.g.TPM, RCM, RBI) as part of 

machine / equipment risk management 

 

The third part of the survey was devoted to the analysis of the 

current state of digitization in relation to security. This part 

consisted of 24 questions. The results were interesting and the fact 

that 34% of respondents are aware of the need to implement 

Industry 4.0 but consider it little known in the company. 32% of 

respondents perceive that digitization in relation to security is only 

marginally reflected in the management of the company. The 

estimate of the degree of digitization in 18.9% of companies was 

about 51% - 60%, Fig.5. 

          

Fig. 5 Estimation of the degree of digitization in the companies 

 

When estimating the ratio of automatic to manual production, 

32.1% of respondents answered that it is 20:80, Fig. 6. 

 

Fig. 6 Estimation of the ratio of automatic to manual production 

 

The following Fig.7 points to the implemented individual 

elements of Industry 4.0 in the surveyed companies. 

 

Fig. 7 Individual elements of Industry 4.0 in the companies 

 

 

4. Conclusion 

The fourth industrial revolution is closely linked to the degree 

of automation used in the organization. The perception of the 

organization's readiness for Industry 4.0 can therefore be directly 

influenced by the perception of the degree of automation in the 

examined organization. Although Slovakia is a relatively small 

country, the sample of 53 organizations cannot be considered 

sufficiently representative. Many sectors in the survey were not 

statistically sufficiently covered, which is why the results were so 

highly dispersed. On the other hand, the obtained results can be 

understood as the first part of further research, which provides a 

rough estimate of the degree of readiness of Slovak organizations 

for Industry 4.0 in terms of integrated safety and Industry 4.0 in 

relation to safety and health at work. 

This contribution is the result of the projects implementation: APVV 

No. 19-0367 Integrated Process Safety Management Approach 

Framework for the Smart Enterprise 
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Abstract: Growing environmental problems and the uneven distribution of wealth around the world raised questions more than forty years 

ago about how to achieve sustainability. The United Nations Commission on the Environment and Development (WCED), formed in the 

autumn of 1983 and chaired by Gru Harlem Bruntland, draws accurate and concrete conclusions using full information from all over the 

world on the state of the planet and develops a report called "Our Common Future". Along with all the conclusions and recommendations, 

the Bruntland report introduces the concept of "sustainable development" which reads: Sustainable is a development that achieves the vital 

needs of the current generation without being deprived of it (ie without The leading aspect in this definition is the idea of reconciling the 

satisfaction of human needs with the limited resources, as well as the equality between the present and the future generations. The report 

demonstrates the need for a radical change in human activity to date and the need to establish sustainable development on a global scale. 

The conference in Rio de Janeiro (Brazil) in 1992 played a crucial role in affirming the concept of sustainable development in modern 

society. combining the harmonious interaction between economic prosperity, social justice and a preserved environment. The purpose of this 

report is to present the results of a study on the degree of maturity of management in bio-sector enterprises to adopt global sustainable 

development goals and link them to their business practices.The results of the present study confirm the thesis that the modification of the 

current socio-economic model of development there is no alternative. The main non-reproducible energy and raw materials sources are 

about to run out in the foreseeable future. 

Keywords: BIOECONOMICS, BIO-ENTERPRISES, SUSTAINABLE DEVELOPMENT 

 

1. Introduction 

The conference in Rio de Janeiro (Brazil) in 1992 played a 

crucial role in affirming the concept of sustainable development in 

modern society [1]. combining the harmonious interaction between 

economic prosperity, social justice and a preserved environment [2]. 

The concept of sustainable development has been expanded as “a 

process of change in which the exploitation of resources, investment 

orientation, technology orientation and institutional changes are in 

harmony with each other and increase the current and future 

potential to meet human needs and aspirations ”[3]. This wording in 

practice links the environmental aspect with the economic and 

social side of the problem of sustainable development of society [4]. 

The most important document from the meeting is the previous 

Program for Global Sustainable Development called "Agenda 21" 

("Agenda 21" - a document of 900 pages with 4 main sections) [5]. 

The program is (contains) a global action plan that outlines 

priorities for sustainable development in the XXI century. The UN 

General Assembly is taking special measures to turn Agenda 21 into 

a national policy and program for solving the world's environmental 

problems [6]. 

In Fig. 1 presents some important historical moments in the 

long road to the recognition of a common, international institutional 

framework for sustainable development. 

 

 
Fig. 1. Historical moments in the institutional framework for 

sustainable development 

        

 As early as the early 1990s, a broad international consensus was 

formed on a network of principles and goals for sustainable 

development, known as the paradigm for the effectiveness of 

development aid, set out in the Millennium Development Program. 

Historically, two periods are formed for the implementation of the 

Development Goals in 15-year time ranges (see Table 1). In the first 

period, in 2000, at the Millennium Summit, the Millennium 

Declaration was signed, which launched the Millennium 

Development Goals in the period 2000-2015. 

 
 SDGs  

(2000 – 2015) 

SDGs 

 ( 2015-2030) 

Goals 8 17 

Tasks 18 169 

Indicators 48 230 

Source: UN 

Table. 1. Comparison of the Sustainable Development Goals (2000-

2015) and (2015-2030) 

 

Two years before this deadline, after intensified negotiations in 

order to set global development goals for the new period (2015-

2030), the international community is preparing (with the widest 

possible representation of all stakeholders) a new, more ambitious a 

package of goals for the next 15 years, taking into account the 

experience gained and the state of the world [7].  The new 

Sustainable Development Goals are natural successors to the 

Millennium Development Goals (MDGs). They were adopted in 

August 2015 in New York, during the 70th UN General Assembly. 

At the event, the world leaders of 193 countries (193 UN member 

states, two observer countries and 11 other countries) agreed to 

achieve a better future for all and adopted a new global framework 

for sustainable development, the "2030 Agenda", called "Let's 

Transform the World" [8], [9]. It reflects the first international 

consensus reached that peace, security, justice and social inclusion 

for all should not be just separate goals, but mutually reinforcing" 

[10], [11]. The program is considered to be crucial for sustainable 

development worldwide. It sets 17 Global Goals with 169 specific 

sub-goals, balancing the integration of the three aspects of the 

concept of sustainable development - economic, social and 

environmental and outlining the path for sustainable development of 

the Planet for the period up to 2030" [12], [13]. They are universal, 

inclusive and relevant. for all countries in the world" [14], [15], 

[16]. 

INDUSTRY 4.0 2020, WINTER SESSION

183

 



2. Exploration 
The European Union, together with its Member States, is 

playing a leading role in implementing the 2030 Agenda and 

achieving the Sustainable Development Goals. Although in the 

period up to 2020, Europe can point to good results on each of the 

set targets, it is planning additional targeted actions to meet each of 

the 17 global targets by 2030, and is preparing to achieve more 

long-term goals in the horizon until 2050 [17]. 

In this regard, on 20.01.2020 with Decision № 33 of the 

Council of Ministers the National Development Program "Bulgaria 

2030" was approved, which covers the 17 global goals for 

sustainable development. This is the latest framework strategic 

document of the highest order in the hierarchy of national 

programming documents, determining the vision and general 

objectives of development policies in all sectors of government, 

including their territorial dimensions [18]. According to the 

document, the vision for Bulgaria is to become a country with a 

high standard of living and a competitive, low-carbon economy by 

2030. The document provides predictability of the environment for 

generating innovative ideas and attraction for investment and 

human capital. 

The Bulgaria 2030 Program defines three strategic development 

goals ( see Fig 2). 

 Fig. 2. Strategic goals in the Bulgaria 30 program 

       The guidelines for the implementation of the set three goals are 

grouped in five strategic areas (axes) of development, as 13 national 

priorities are raised, presented in Fig.3. 

 

 
Fig. 3. Strategic areas and priority areas in "Bulgaria 2030" 

       The bio-enterprise sector is of strategic importance for 

achieving the goals of sustainable development. Data from the 

European Commission's research center show that the turnover of 

bio-sector enterprises by 2019 in the EU as a whole is over 2.3 

trillion euros. The workforce employed in various sectors (mainly 

the agricultural and food sectors) accounts for 8.2% of the EU-28 

workforce, which is over 18 million people. The industry estimates 

that by 2030, more than one million new jobs can be created in the 

bio-industry. 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 main elements for the successful 

realization of global goals.       

       Building a more sustainable bioeconomy contributes to 

building: 

 a future that is carbon neutral, in line with the climate goals of 

the Paris Agreement; 

 reduction of greenhouse gas emissions in the European energy 

sector. Bioenergy, the largest renewable energy source in the 

EU, is expected to remain a key component of the energy mix 

until 2030 and to contribute to meeting the EU's renewable 

energy targets. 

 modernizing and strengthening the EU's industrial base by 

creating new value chains, as well as greener and more cost-

effective industrial processes. 

 Bioeconomy is the renewable segment of the circular 

economy. It can turn bio-waste and residues into valuable 

resources and create innovations and incentives to help 

producers and consumers reduce food waste by 50% by 2030. 

 contributes to achieving neutrality with regard to land 

degradation and to realizing by 2020 the ambition to restore at 

least 15% of degraded ecosystems. 

 

A survey of managers of bio-sector enterprises in Bulgaria 

shows the degree of knowledge and perception of the goals of 

sustainable development and how they intend to engage companies 

to achieve them. 

 Engagement on the SDGs (Fig 4). 

 

 
Fig. 4. Perception by business  

 

The results show that: 

 76% believe, that it is important to address the SDGs as a 

part of their company`s corporate values and sustainability 

strategy.  

 68% say that the SDGs offer new business opportunities= 

 42% report that the SDGs are important to improve multi- 

stakeholder partnerships. 

 

 
Fig. 5 Challenges for companies  

 

Main Challenges that companies face in engaging with SDGs 

(Fig. 5). The results show that:  

 56 % say that limited/low social awareness and 

stakeholder demand on the SDGs are the primary 

challenges that their company faces 

 41 % indicate that there is no clear approach or direction 

for haw they should implement the SDGs 

 33% cite that a lack of commitment and policy from 

Government is also a key challenge. 

 

 Actions the Bulgarian government can take to encourage 

businesses to integrate SDGs. (Fig. 6) 

 
Fig. 6.  The role of the state 

 

The results show that: 

 19% suggest the development of a more supportive 

regulatory framework and policies that can guide 

businesses to integrate and implement the SDGs. 

 11% recommend greater support from Government in 

setting and achieving SDG goals. 
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economic 

development
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1. Innovative 
and intelligent 

Bulgaria

P1. Education 
and skills;

P2. Science and 
scientific 
infrastructure;

P3. Intelligent 
industry.

2. Green and 
sustainable 

Bulgaria

P4. Circular and 
low carbon 
economy;

P5. Clean air and 
biodiversity;

P6. Sustainable 
agriculture.

3. Connected 
and integrated 

Bulgaria

P7. Transport 
connectivity;

P8. Digital 
connectivity;

P9. Local 
development.
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and fair 
Bulgaria

P10. Institutional 
framework;
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An opportunity for more internal engagement. (Fig.7)  

 

 
 

Fig. 7. Internal engagement at management levels 

 

The results show that: 

 68/% of top management report that the SDGs are 

well-known by top management 

 27 % of middle management believe the SDGs are 

well-known by middle management. 

 

 Ranking of all SDGs based on priority areas for business to 

focus on. The results are summarized in fig. 8. 

 

1 2 3 4 5 6 7 

       
8 9 10 11 12 13 14 

       
15 16 17 

   
 

         Fig. 8 Ranking of priority goals for business 

 

       Bio-enterprises have a crucial role to play in achieving each of 

the global goals and overcoming the challenges they pose to modern 

society: 

 Goal 1: Eradicate poverty - Bio-enterprises can contribute 

to providing jobs for the poor. To this end, efforts need to 

be focused on the segments of the economy in which the 

largest numbers of the poor participate: micro and small 

enterprises.  

 Goal 2: Zero hunger - can support local farmers by 

preferring foods produced in a sustainable way or 

participating in the fight against food loss. 

 Goal 3: Good health and well-being - can educate people 

about the importance of good health and a healthy 

lifestyle and the right of people to receive quality health 

care. 

 Goal 4: Quality education - in order to participate in 

solving this problem, bio-sector enterprises can invest in 

the development of material and methodological 

educational base. 

 Goal 5: Gender equality - to invest in programs to 

introduce women to income-generating activities. 

 Goal 6: Clean water and sewerage - through rational use 

of water resources, investment in research and 

development of water supply, promotion of hygiene. 

 Goal 7: Affordable and clean energy - maintenance and 

protection of ecosystems for the use and further 

development of hydropower and bioenergy; encouraging 

the use of bicycles, public transport or walking to reduce 

carbon emissions. 

 Goal 8: Decent work and economic growth - providing 

equal opportunities for people to find productive work, 

regardless of gender, income or socio-economic status. 

 Goal 9: Industrialization, innovation and infrastructure - 

investments in transport, irrigation systems, energy 

supply, information and communication technologies. 

They are needed to stimulate productivity and income 

growth, and this affects health and education. 

 Goal 10: Reduce inequalities in countries - investment in 

transport, irrigation systems, energy supply, information 

and communication technologies is needed to stimulate 

productivity and income growth and improve health and 

education outcomes. 

 Goal 11. Sustainable cities and towns - achieving 

universal access to adequate, safe and affordable housing 

and the renewal of slums. 

 Goal 12: Responsible consumption and production - 

reducing waste production and seeking new solutions for 

the transition to sustainable consumption patterns by 

training people in this field. 

 Goal 13: Combating climate change - innovation and 

long-term investment in energy efficiency and low-carbon 

development. 

 Goal 14: Protection of marine ecosystems. Protecting the 

oceans, preventing the release of debris into the oceans, 

reducing the use of plastic products to the lowest possible 

level, organizing cleaning of coastal areas. 

 Goal 15: Protection of terrestrial ecosystems - recycling, 

use of local sustainable foods, reduction of energy 

consumption through efficient heating and cooling 

systems. 

 Goal 16: Peace, justice and strong institutions. Bio-

business can raise awareness of violence and the 

importance of building a just society. It is necessary to 

promote social inclusion and respect for people of 

different backgrounds, ethnicities, religions, genders, 

sexual orientations and worldviews. 

 Goal 17: Partnerships for Sustainable Development - 

work with governments, civil society, researchers and 

academics. 

Bio-sector enterprises perceive the concept of sustainable 

development as a balance between the economic interests of 

business, the environment, employees, society and future 

generations. In this regard, their commitment to the concept is 

focused on the following areas: 

 Products and packaging must be designed in such a way as to 

ensure their safety throughout their life cycle. It is necessary 

to increase the relative share of recyclable materials used in 

the production of products and packaging. In parallel, the 

energy used in the production process must be generated 

from renewable and environmentally friendly energy 

sources. 

 Services to be organized and implemented in order to meet 

real human needs. They must be based on the principles of 

justice and equality. 

 Waste and environmentally incompatible products must be 

reduced, destroyed or recycled. 

 Chemical and physical substances, agents and conditions in 

the production and sale of products that pose a danger to 

human health must be eliminated. The products must not 

contain substances harmful or dangerous to human health or 

to the ecological balance. 

 Achieving energy and resource efficiency. 

 Workplaces and technological processes in enterprises must 

be designed in a way that minimizes or eliminates chemical, 

ergonomic, physical and other types of risk. 

 The business organization should be oriented towards 

increasing the efficiency of the use of human capital. 

 Safe, healthy and dignified working conditions must be 

provided in enterprises. 

 Enterprise staff must be paid fairly for their work and 

supported through economic incentives, cultural diversity 

and social engagement. 

 The long-term economic and financial stability of the 

production enterprises is ensured. 

 

 

0 0,2 0,4 0,6 0,8

1
68%27%

middle management top management
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Conclusion 
Sustainable development is “socially just and environmentally 

friendly”. Social justice is given priority criteria for the nature of the 

interaction between the fours: ecology, economy, social sphere and 

institutional structure. This is new approach, compared to the 

prevailing understanding of the leading principle of environmental 

criteria, and the expression of this position in models for "eco-

economy" and "natural capitalism". 

In addition, on its nature and end results environmentally friendly 

development is social fair. The level of environmental friendliness 

is a key indicator for standard of living. On the other hand, the 

institutional dimension is integrated into “social justice” and 

"Environmental friendliness", because both are achievable only if 

they are created the relevant institutional structures and are 

adequately implemented regulatory mechanisms. 

By itself, a market economy does not provide sustainability 

of development. In many cases, it leads to the exact opposite results 

- the rich get richer and the poor get poorer. Environmental 

protection environment is in conflict with the desire to optimize the 

corporate profit. But the contradiction between some of the 

principles of market economy and sustainable development is 

surmountable. Moreover, their mutual is possible complementarity 

so that, under appropriate conditions, market incentives are used to 

achieve sustainable development. Environmental standards are 

difficult but consistently imposed the world market, in investment 

policy, in interstate economic and political relations. The analyzes 

show that developed and even some developing countries, rethink 

the directions of their economic policy, the structure of their 

holdings, the ranking of their strategic interests. For It would be 

extremely important for Bulgaria to achieve a gradual and well-

balanced change in the structure of the national economy. The 

current structure, inertially following the development of industries 

and productions with high resource and energy consumption, low 

usability of raw materials, the heavy environmental heritage and 

continuing high pollution rates, technological backwardness and 

relatively low competitiveness, etc., show that we already are 

delayed in implementing sustainable development mechanisms. The 

Bulgarian economy could not withstand serious prices shocks due 

to the current structure of the economy, characterized by high 

energy and raw material dependence on imports, nor to compensate 

these price differences with a  sufficiently competitive market 

product. 

      The results of the present study confirm the thesis that the 

modification of the current socio-economic model of development 

there is no alternative. The main non-reproducible energy and raw 

materials sources are about to run out in the foreseeable future. 

      The study shows that the bio-sector in Bulgaria knows the 

global goals for sustainable development and is ready to meet the 

challenges that these goals pose to its development. 
 

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" 
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Abstract: The bioeconomy, as a complementary segment of the circular economy, encompasses all sectors and systems that rely on 

biological and environmental resources, their functions and principles. It can lead to the discovery of new opportunities to provide food, 

goods and energy without depleting the planet's limited biological resources. It can turn algae into fuel, recycle plastics, produce furniture 

or clothing from waste, and create organic fertilizers from industrial waste products. It has the potential to create over a million new "green 

jobs" by 2030. Bio-sector enterprises play a key role in accelerating the achievement of the UN's global goals. They contribute to reducing 

climate change and waste, creating new jobs and building sustainable development in a modern society. Corporate social responsibility is a 

concept that reflects the quality of the relationship between an organization and society. According to the European Commission's Green 

Paper, Corporate Social Responsibility (CSR) is "a concept that serves companies as a basis for voluntarily integrating social and 

environmental aspects into their business strategies and relationships with all stakeholders." 

The purpose of this report is to examine how the principles of corporate social responsibility affect biosector enterprises in Bulgaria and 

the adequacy of the country's policy to engage them to adopt global goals for sustainable development. The results of the study show that 

CSR is not seen as a one-time act, but as a sustainable process, helping to balance the three pillars of sustainable development - economic 

growth, social development and environmental protection. 

Keywords: CORPORATE SOCIAL RESPONSIBILITY, BIOECONOMICS, SUSTAINABLE DEVELOPMENT 

1. Introduction

At the end of the 20th century, humanity began to realize that it 

was facing a number of threats and challenges related to climate 

change, population growth, soil degradation, limited biological 

resources and ecosystems in the world. Growing environmental 

problems and the uneven distribution of wealth in the world raise a 

number of issues related to achieving sustainability in the future 

development of modern society [1]. In response to these challenges, 

the concept of sustainable development emerges. The meaning of 

the concept is formulated in the report of the World Commission on 

Environment and Development "Our Common Future", which 

states that sustainable development is one that meets the needs of 

the present, without depriving future generations of the opportunity 

to meet their own needs. The concept forms a broad international 

consensus related to the goals, ideas and principles of sustainable 

development [2].   

The strategic goal of sustainable development is to meet 

human, material and spiritual needs, aspirations and dreams for a 

better life and prosperity [3]. Achieving this goal requires the 

maintenance of such consumption standards that fit within the limits 

of environmental opportunities and are accessible to all participants 

in social, economic and social processes [4]. A key requirement is 

that the exploitation of resources, the direction of technological 

development and changes in institutions be in harmony and increase 

both current and future opportunities to meet human needs and 

aspirations.. 

Ideas set in the concept of sustainable development are 

related to: 

 Harmonious development and use of natural (natural) factors

of production and environment (land, water, forests, mineral

resources, etc.) on the one hand and human resources on the

other;

 Combining the goals of economic and social development with

the requirement to preserve and improve the quality of the

environment;

 Preservation and further development of all positive, favorable

for sustainable development processes and trends.

Principles of the concept of sustainability:

 Comprehensive (global) comprehensive approach to the

interconnectedness between the economy, ecology and social

sphere, without giving preference to any of the elements.

 Comprehensive solution of the problems in the chain "global-

private";

 Commitment of all in connection with solving problems:

international organizations, governments, non-governmental

organizations, companies, citizens, etc.

 Satisfaction of reasonable needs in connection with the change

from consumer to environmentally friendly lifestyle.

Based on these goals, ideas and principles, the structure of 

the concept is built, uniting harmonized and balanced three separate 

systems: environmental, economic and social, which complement 

each other and form the pillars of sustainable development - 

economy, environment and social sphere, supported from the 

institutionalization of power [5] (see Fig. 1). 

Fig. 1. Structure of the concept of sustainable development 

The ecological system comprises self-regulating ecosystems, 

most of the main components of which are non-renewable. 

Breaking the interconnections between them leads to the destruction 

of the whole system. From an environmental point of view, 

sustainable development must ensure the stability of biological and 

physical systems. 

The social system encompasses artificially created subsystems 

with clearly expressed subjects of management and hierarchy. The 

subsystems have different degrees of regulation, which depends on 

the adopted and imposed models. From a social point of view, the 

concept of sustainable development is aimed at preserving social 

and cultural stability, including reducing the number of destructive 

conflicts. Without a fair distribution of resources and opportunities 

among all members of society, sustainable development is 

impossible [6]. 

The economic system draws its resources from nature. From an 

economic point of view, the optimal use of limited natural resources 

is of key importance for this concept [7]. 

The intersected areas reflect the areas of possible 

development: 
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• permissible ecological balance; 

• fair social welfare; 

• viable and stable eco- and bio-economy (bioeconomy) and 

• sustainability - harmonious and simultaneous development of 

the three aspects. 

The concept of sustainable development aims to strengthen the 

link between man and nature. The full realization of this goal 

requires the existence of an economic system that creates the 

necessary amount of products and services; a social system that 

functions adequately and overcomes imbalances, a political system 

that stimulates the effective participation of the population in 

decision-making for future development, a production system that 

does not pollute and deplete the environment, an international 

system that promotes a secure model of finance and trade, an 

administrative system that is flexible, with the possibility of self-

control. 

 

2. Exploration 
Corporate social responsibility (CSR) reflects the understanding 

that every organization must take responsibility for its influence on 

the social groups with which it interacts. According to the World 

Bank definition: “CSR is the commitment of business to contribute 

to sustainable economic development and to ensure contact with 

workers, their families, local authorities and society at large, in 

order to improve the quality of life that is acceptable to both 

businesses, as well as for development ”[9]. It is an element of 

corporate culture that requires the fulfillment of voluntary 

commitments by companies. Personal gain and private corporate 

interests in it recede into the background and a new vision of 

corporate values is established. This means that companies work 

voluntarily, without being forced by law, to achieve social and 

environmental goals during their daily business activities. 

 
Fig. 2. Elements in a system for corporate social responsibility 

 

The essence of corporate social responsibility contains 

three aspects: 

 Social obligation to society. Regarding this aspect, there are 

two points of view related to the role of business in society. 

One covers proponents of the economic approach, according to 

which social responsibility is defined as an activity aimed 

primarily at maximizing the profits of owners. According to 

Friedman, "There is only one social responsibility of the 

organization in business - that of using its resources, to put 

them into activities that are designed to increase profits 

according to the rules of the game by participating in open 

competition" [8]. The second group includes supporters of the 

socio-economic approach. According to them, management is 

responsible not only for ensuring profit, but also for protecting 

and improving the welfare of the society in which this 

organization operates. And this implies that corporate social 

responsibility, in addition to making a profit, must protect and 

increase public welfare. 

 Social reaction. Social responsibility, perceived as a social 

reaction, is associated with compliance of the organization 

with social norms, values and expectations of society. In 

addition to the production of goods, enterprises are also 

expected to bear part of the costs of society, environmental 

protection, ecology, social costs, as well as expectations that 

the organization will participate in solving social problems that 

society can not cope with. . 

 Social activity. Social activity is that aspect of corporate social 

responsibility according to which the organization has an 

attitude, makes decisions and performs actions that anticipate 

events. For example, it identifies needs and does everything 

possible to satisfy them through production, through 

communications with public groups and government agencies. 

In order to encourage the commitment of companies to socially 

responsible behavior, in the context of the theory of sustainable 

development, in 2005 the standard ISO 26000 (BDS ISO 26000: 

2012) was introduced in Bulgaria. This is an international standard 

that provides guidelines for action in the field of social 

responsibility beyond the requirements of regulations leading to 

sustainable development. According to the definitions set out in ISO 

26000, sustainable development is "development that meets current 

needs without compromising the ability of future generations to 

meet their needs", and social responsibility is "the responsibility of 

the organization in terms of the impact of its decisions and activities 

on society and the environment through transparent and ethical 

behavior that: 

 contributes to sustainable development, incl. health and 

well-being of society; 

 takes into account the expectations of stakeholders, 

applying current legislation  

 meets international standards of conduct;  

 it is integrated in the organization and is practiced by it 

”[10]. 

The ISO 26000 standard is applicable to all enterprises in the 

private, public and non-profit sectors, regardless of their size. It 

provides business guidance in the following areas: 

 recognition of social responsibility and stakeholder 

engagement;  

 integration of socially responsible behavior in the 

enterprise as a whole [11,12].  

 maintaining the seven basic principles of social 

responsibility (sixth article of the standard) - accountability, 

transparency, ethical conduct, respect for the interests of 

stakeholders, respect for the rule of law, respect for 

international norms of conduct and respect for human rights.     

       In Fig. 3 presents a model of corporate social responsibility 

based on the three pillars of sustainable development. According to 

ISO 26000, it includes the following seven aspects of social 

responsibility, adapted to the conditions of bio-enterprises: 

 

 
 
Fig. 3. CSR according to ISO 26000 based on the three pillars of 

sustainability development 

 

 Organizational management. A key factor in this process is 

accountability, transparency and ethics between stakeholders 

[13]. . Decisions must take into account the expectations of 

society.  

 Human rights: This element is based on the understanding 

that all human beings have the right to fair treatment and the 

elimination of discrimination, torture and exploitation. This 

category covers a set of basic civil, political, economic, social 

and cultural rights such as - the right to life, freedom and 

equality before the law, freedom of expression, the right to 

food and employment, the right to the highest attainable 

standard of health, education and social security [14,15]. In 

this regard, CSR of bio-enterprises refers to basic principles 
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and rights in the workplace, resolving complaints, avoiding 

complex and risky situations, social security, promoting 

responsible behavior and citizenship; respect for personality 

and differences, etc. 

 Employment practices and relationships: covers a set of 

policies and practices that the company applies to its 

employees. According to the activity of bio-enterprises CSR in 

this context is related to: labor relations, social dialogue, 

conditions for safe and healthy working conditions (hygiene, 

safety, occupational safety, accident protection, fire 

protection), human resources development ( competencies and 

required number of expert staff, planned follow-up training in 

accordance with new trends), development and training in the 

workplace (comprehensibility of processes, technologies and 

documentation for them, integration of all stakeholders in 

change management, modernization or new technologies, etc. 

.) Increasing the knowledge, skills, competencies and qualities 

of employees lead to personal, social and economic well-being. 

 Environment: refers to the fact that the decisions and 

activities of bio-enterprises invariably have a sparing impact 

on the environment [16]. . CSR of enterprises is aimed at 

developing programs related to: responsible and economical 

use (exploitation) of resources; reduction and optimization of 

energy consumption, use of alternative renewable sources; 

prevention of soil, water and air pollution (through greenhouse 

gases); careful protection of the environment, biodiversity and 

restoration of natural habitats; separate collection, controlled 

disposal and recycling of waste; replacement and improvement 

of tools, machines and technologies, raw materials, materials, 

etc. to achieve better environmental results, etc. 

 Loyal business practices. They are related to the perception of 

ethical behavior in the company's relations with other 

organizations (customers, government institutions, partners, 

suppliers, contractors, customers, competitors and associations, 

etc.). Contribute to the building of sustainable social systems 

by - compliance with rules for fair competition; prevention of 

corrupt practices; ethical behavior, responsibility, equality and 

transparency in relations and respect for property rights. 

 Consumer issues. The responsibility of the organization is 

aimed at providing - correct, transparent and useful marketing 

information and contractual procedures; minimizing risks and 

protecting the health and safety of consumers, resolving 

complaints and disputes, providing access to all with care for 

vulnerable and disadvantaged groups (eg people with physical 

and mental problems, impaired vision or hearing, inability to 

read) etc.) and others. Satisfied customers are an important 

factor in building trust and satisfaction, as well as enhancing 

the company's image and reputation. 

 Community inclusion and development. The organization is 

considered a part, not a separate unit of the community. They 

should actively participate and assist in improving the 

condition of the local communities in which they operate; to 

create sustainable social structures with increasing levels 

education and well-being, to create employment, to generate 

wealth and income, to develop socially useful technologies and 

innovations.          

Depending on the specific features, each company can 

determine the most appropriate and significant principles that affect 

its field of activity [17]. The areas of corporate social responsibility 

(society, environment, human capital and working conditions) and 

the activities in them are summarized in Fig.4. By implementing the 

ISO 26000 system for corporate social responsibility, industrial 

enterprises ensure: 

 Favorable long-term perspective and long-term guarantees 

for profit (through the attitude of the society towards them). 

 They form a good reputation, which - increase their sales; 

have the opportunity to hire qualified staff; gain access to 

government procurement, etc. 

 Satisfy the interests of shareholders by increasing the value 

of the company and its shares [18]. 

 They have resources to help and solve social problems. 

With financial resources, specialists and experience, 

companies can support public and charitable projects. 

 

 
Fig. 4. Areas and activities for implementation of CSR policy c 

             bio-enterprises 
 

The realization of the global goals for sustainable development 

through the policy of corporate social responsibility requires the 

application of various mechanisms by all stakeholders. The types of 

stakeholders, their interests and their mechanisms of influence on 

the company are summarized in Table. 1 

 

Stakeholders Main interests 
Purpose of the 

enterprise 
Guidelines for achieving the goals 

Mechanisms of 

influence 

 

 

 

Consumers  

 

 

 

Satisfied need 

Increasing the 

attractiveness of 

the offered 

products and 

services 

Improving the quality of products 

and services; 

Flexible pricing; 

Expansion of the distribution 

network; 

Refusal to purchase; 

Price reduction 

requirements; 

Requirements for 

improving the quality of 

the product and service; 

Investors and 

shareholders 

Investment 

income 

Increasing 

investment 
attractiveness 

Capitalization growth; 

growth in the value of shares; 

market expansion; 

increased business activity; 

improving the efficiency of 
management; 

building a flexible organizational 

structure. 

Withdrawal of capital; 

dividend income; 

change in senior 
management. 

Collaborators 

Quality of life. 

 

Suitable 

working 

environment. 

Increasing the 

attractiveness  

of the company for 

employees 

High wages; 

Existence of social incentives 

Opportunity for professional growth 

Reduce staff turnover 

Ensuring safe working conditions. 

Decrease in labor 
productivity. 

 

Non-compliance with 

labor and production 

discipline. 

The state 

Economic 

growth. 

 

Social 

development. 

Contributes to the 

sustainable 

development of 

the country 

Timely payment of taxes. 

Employment growth. 

Ethical business behavior. 

Timely payment of 

taxes. 

Employment growth. 

Ethical business 

behavior. 

Community 

Social welfare. 

 

Ecological 

environment. 

Helps to increase 

the welfare of 

society. 

Reduction of greenhouse gas 

emissions; 

Implementation of environmental 

protection programs 

Implementation of charitable and 

social programs 

Formation of a positive 

or negative image; 

Habitat improvement 

 

Table. 1. Types of stakeholders, interests and mechanisms of influence on 

the company. 
 

 Conclusion 

The social responsibility of the organization is a behavior that is 

assessed by other key figures in the market economy - consumers 

and the state. If the attitudes, decisions and actions of consumers 

and the state coincide with the attitudes, decisions and actions of the 

organization, then consumers and the state accept that it is a socially 

responsible organization, which increases the social and 

environmental added value of the company. 

    Social responsibility can be presented as a business practice 

involving a set of attitudes, decisions and actions that are oriented 
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towards society and the environment. Companies developing are 

considered to be socially responsible: 

 policies aimed at sustainable development and prosperity

of society;

 policies tailored to the expectations and requirements of

all stakeholders;

 policies that comply with applicable laws and

international ethical codes of conduct.

Corporate social responsibility is an expression of the 

understanding that every organization must take responsibility for 

its influence on the social groups with which it interacts. This is a 

long-term commitment on the part of business to develop its 

activities honestly and responsibly, to contribute to its economic 

development, but at the same time to help improve the lives of its 

employees, their families, the local community and society as a 

whole. 

The application of the ISO 26000 standard increases the 

company's reputation and its competitive advantages, providing it 

with easier access to new markets. Ensuring improvements in many 

problematic areas of governance (eg working conditions, working 

hours, forced labor, the right of workers to form trade unions and 

collective bargaining, healthy and safe working conditions for 

employees, discrimination and disciplinary practices), the 

company's employees grow, and hence their productivity. 

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" 
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