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THE ROADS OF THE FUTURE 
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Abstract. Infrastructure development is a global priority. Most countries are investing 
enormous financial resources on high-quality, safe and sustainable roads. Taking into account 
the pace of technology development, it is currently not only building roads but complex 
projects. In the Republic of Moldova, as is well known, the situation with the roads is very 
difficult, in some regions they are practically only on paper. The article contains a description 
of the modern practices and technologies implemented in some countries regarding the 
construction and materials used for road clothing, as well as smart solutions on motorways. 

 

Keywords: road clothing, terrestrial communication, intelligent motorways, concrete road, plastic 
road, rubber road, paved road with solar panels, geogrid, intelligent road. 
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DRUMURILE VIITORULUI 
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Rezumat. Dezvoltarea infrastructurii reprezintă o prioritate la nivel mondial. Majoritatea 
țărilor investesc mijloace financiare enorme în drumuri de calitate înaltă, sigure și durabile. 
Luând în considerare ritmul de dezvoltare a tehnologiilor, în prezent acesta constituie nu 
numai construcția drumurilor, dar proiecte complexe. În Republica Moldova, după cum se 
cunoaște, situația cu drumurile este foarte dificilă, în unele regiuni ele practic există numai 
pe hârtie. Articolul cuprinde o descriere a practicilor și tehnologiilor moderne implementate 
în unele țări privind construcția și materialele utilizate pentru îmbrăcămintea rutieră a 
drumurilor, precum și a soluțiilor inteligente pe autostrăzi. 

 

Cuvinte cheie: îmbrăcăminte rutieră, cale de comunicație terestră, autostrăzi inteligente, drum din 
beton, drum din plastic, drum din cauciuc, drum pavat cu panouri solare, geogrila, 
drum inteligent. 
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CALCULATION THE SERVICE WAITING PROBABILITY  
WITH SELF-SIMILAR NETWORK TRAFFIC  
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Abstract. Calculation of the service quality characteristics in a single-channel system with 
queue for the packet network is often reduced to the determination of the Hurst exponent 
for self-similar traffic, after which using the known Norros formula calculated average 
number of packets in the system. However, this method does not allow for the set value of 
the Hurst exponent calculated yet very important characteristics of quality of service, such as 
the average delay time of packets in the storage buffer and the service waiting probability of 
packet. In this work we propose a method for approximating the distribution function of the 
states of the system and on its basis, a formula for calculating the service waiting probability 
in a single-channel system with a self-similar traffic. 

 
Key words: self-similar traffic, service waiting probability, service quality characteristics, single-

channel system with queue. 
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CALCULUL PROBABILITĂŢII EXPECTATIVEI SERVICIULUI CU TRAFIC DE REŢEA 
AUTOSIMILAR 

 
Anatolii Lozhkovskyi* 
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*Autor corespondent: aloshk@onat.edu.ua, https://orcid.org/0000-0002-4802-4912 
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Rezumat. Calculul caracteristicilor calității serviciului într-un sistem cu un singur canal cu 
expectativă pentru rețeaua de pachete este adesea redus la determinarea exponenței Hurst 
pentru traficul auto-similar, după care, utilizând formula Norros cunoscută, se calculează 
numărul mediu de pachete din sistem. Cu toate acestea, această metodă nu permite ca 
valoarea setată a exponentului Hurst să fie calculată încă prin caracteristicile foarte 
importante ale calității serviciului, cum ar fi timpul mediu de întârziere al pachetelor din 
tamponul de stocare și probabilitatea expectativei a pachetului de servicii. În prezenta lucrare 
se propune o metodă de aproximare a funcției de distribuție a stărilor sistemului și pe baza 
acestuia, o formulă pentru calculul probabilității expectativei serviciului într-un sistem cu un 
singur canal cu trafic autosimilar. 

 
Cuvinte cheie: trafic autosimilar, probabilitatea expectativei serviciului, caracteristicile de calitate 

a serviciului, sistemul cu un singur canal cu expectativă. 

mailto:aloshk@onat.edu.ua
https://orcid.org/0000-0002-4802-4912
mailto:aloshk@onat.edu.ua
https://orcid.org/0000-0002-4802-4912


8 Journal of Engineering Science, Abstracts, Vol. XXVI (2), 2019  

 

Journal of Engineering Science  June, 2019, Vol. XXVI (2) 

DOI: 10.5281/zenodo.3249182 
CZU 621.3.011.7 

 
COMPARATIVE ANALYSIS OF METHODS OF CALCULATION IN TRANSIENT AND 
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Abstract. The problem of calculating the transient and wave processes in the circuits with 
the concentrated and distributed parameters is examined. A comparative-qualitative 
analysis of the analytical and numerical methods used for these purposes was carried out, 
indicating the advantages and disadvantages of their application. It is presented algorithms 
for applying the examined methods. It is found that numerical calculation methods have 
many advantages in studying stationary and dynamic processes in the natural sequence of 
processes course in the circuit. It is recommended to use the finite difference method. It is 
presents the main phases of realization of the application of a numerical calculation method 
and results of the comparative and qualitative analysis of the analytical methods (classical, 
state variables, frequency, stationary waves, Fourier transform, operational, traveling waves) 
and numerical (finite difference, finite element, finite volume). 

 
Keywords: distributed parameters,  traveling waves,  numerical methods, finite difference method, 

algorithm, advantages. 
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Vladimir Berzan* 
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Rezumat. În articol este examinată problema calculării proceselor tranzitorii și de undă în 
circuitele electrice cu parametri concentrați și distribuiți. S-a efectuat o analiză comparativă-
calitativă a metodelor analitice și numerice utilizate în aceste scopuri cu indicarea avantajelor 
și dezavantajelor aplicării lor. Se prezintă algoritmi de aplicare a metodelor examinate. Se 
constată, că metodele numerice de calcul au multiple avantaje, la studierea procesele 
staționare și dinamice în consecutivitatea lor naturală de derulare. Se recomandă de utilizat 
în acest scop metoda diferenței finite. Se prezintă principalele faze de realizare a aplicației 
unei metode de calcul numeric și rezultate a analizei comparative și calitative ale metodelor 
analitice (clasică, variabilelor de stare, de frecvență, undelor staționare, transformata Fourier, 
operațională, undelor călătoare) și numerice (diferenței finite, elementului finit, volumului 
finit). 

 

Cuvinte cheie: parametri de distribuție,  unde călătoare, metode numerice, diferențe finite, 
algoritm, avantaje. 
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OPERATIONAL RELIABILITY OF ASYNCHRONOUS ENGINES 
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Abstract. The paper presents the relevant topic of improving protection devices for 
asynchronous engines used in agriculture. We have also provided the data of technical and 
technological damage. There have been identified the main causes of asynchronous motor 
failure. You may also find a short list of the main existing protection systems for induction 
motors, the analysis of their shortcomings and prospects for further improvement. We have 
justified the structural scheme of a universal protective device, which consists of the 
following channels: a current overload control channel, a rotor seizure channel and a feed 
line phase failure  monitoring channel.  We have also given a circuit scheme of the proposed 
protective device and the description of the circuit operation in the operational mode as well 
as in various emergency modes. The use of a microcircuit-comparator of the type K554 CA3 
(the operational amplifier) as a threshold element with an adjustable threshold voltage value 
is considered to be an original technical solution. 
 

Keywords: asynchronous motor accident rate, asynchronous motor protection. 
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DISPOZITIV DE PROTECȚIE UNIVERSALĂ - O CALE EFICIENTĂ DE MAJORARE A 
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Veaceslav Shapovalov* 
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Rezumat. Lucrarea prezintă un studiu ce vizează îmbunătățirea dispozitivelor de protecție 
pentru motoarele asincrone utilizate în agricultură. Sunt prezentate date privind daunele 
tehnice și tehnologice, au fost identificate cauzele principale ale defectării asincrone a 
motorului. Este prezentată o scurtă listă a principalelor sisteme de protecție existente pentru 
motoarele cu inducție, analiza deficiențelor lor și perspectivele de îmbunătățire ulterioară. A 
fost justificată schema structurală a unui dispozitiv de protecție universală, care constă din 
următoarele canale: un canal de control al suprasarcinii curente, un canal de captare a 
rotorului și un canal de monitorizare a defecțiunii fazei liniei de alimentare. De asemenea, 
este prezentată o schemă de circuit a dispozitivului de protecție propus și descrierea 
circuitului în mod normal de funcționare, precum și în diferite moduri de urgență, post-avarie. 
Utilizarea unui comparator cu microcircuit de tipul K554 CA3 (amplificator operațional) ca 
element de salt, cu o valoare de tensiune de prag reglabilă este considerată a fi o soluție 
tehnică originală (amplificator operațional). 
 

Cuvinte cheie: rata accidentelor asincrone, protecție asincronă a motorului. 
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ANALYSIS OF MODERN COMPUTER TECHNOLOGIES USED FOR VIRTUAL 
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Abstract. The aim of the research is to analyze modern services used for online selection of 
clothes of the desired size, and to determine the effective ways of their implementation. A 
comparative analysis of functional  services on virtual fitting of clothes on the electronic 
mannequin has been carried out, and the systematization of various methods of realization 
of virtual fitting of clothes has been performed in order to provide an assessment of quality 
of the finished products, namely, to predict the size of clothes, to form the recommendations 
on the feeling of comfort clothes, and to provide the assessment of anthropometric 
conformity with the accordance of the form of clothes design and the consideration of 
anthropometric characteristics of the human body. The main components that influence the 
quality of formation of assessment of anthropometric conformity have been determined. 
 

Keywords:  3D technology, electronic mannequin, online fitting room, visualization of clothes. 
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Rezumat. Scopul cercetării a constat în analiza serviciile informaționale moderne utilizate 
pentru selectarea online a hainelor de dimensiunea dorită și de a determina modalitățile 
eficiente de implementare a acestora. A fost efectuată o analiză comparativă a serviciilor 
funcționale privind montarea virtuală a  hainelor pe manechinul electronic. Sistematizarea 
diferitelor metode de realizare a montajului virtual al îmbrăcămintei a fost efectuată pentru 
a oferi o evaluare a calității produselor finite, și anume pentru a preciza mărimea hainelor și 
a formula recomandări privind senzația de îmbrăcăminte confortabilă. Evaluarea 
conformității antropometrice formei designului de îmbrăcăminte s-a efectuat prin luarea în 
considerare a caracteristicilor antropometrice ale corpului uman. Au fost determinate 
componentele principale care influențează calitatea formării conformității antropometrice. 
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Abstract.The fifth generation mobile network 5G is a set of emerging global 
telecommunications standards, generally using high-frequency spectrum, to offer network 
connectivity with reduced latency and greater speed and capacity relative to its 
predecessors. One example is emerging autonomous cars and intelligent transportation, to 
which small latency is essential. Imagine a world where cars will be able to communicate 
with passengers, surrounding pedestrians, other vehicles, bicycles, traffic lights, parking 
meters and other urban infrastructure. To meet 5G requirements, we need dramatically new 
network architectures and technologies, such as heterogeneous ultra-dense networks, 
massive multiple-input-multiple-output (MIMO), and millimeter wave communications. 

 

Key words: Enormous amounts of data, security, mobile broadband, fiber optic cables, higher 
transmission rates, IoT. 
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Rezumat. Rețeaua mobilă de generație 5G este un set de standarde globale de 
telecomunicații emergente, care utilizează, în general, un spectru de frecvență înaltă pentru 
a oferi conectivitate la o rețea cu o latență redusă și o viteză și o capacitate mai mare față de 
predecesorii săi. Un exemplu prezintă vehiculele autonome și transportul inteligent, la care 
este esențială o latență mică. Imaginați-vă o lume în care autoturismele vor putea comunica 
cu pasagerii, cu pietonii înconjurători, cu alte vehicule, biciclete, semafoare, parcări și alte 
infrastructuri urbane. Pentru a satisface cerințele de 5G, avem nevoie de arhitecturi și 
tehnologii de rețea în mod dramatic noi, cum ar fi rețele eterogene ultradensibile, comunicații 
multiple cu intrări multiple (MIMO) și comunicații cu milimetri de undă. 

 

Cuvinte cheie: Cantități enorme de date, securitate, bandă largă mobilă, cabluri cu fibră optică, 
rate de transmisie mai mari, IoT.
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Abstract. Coordination abilities are the integral components in estimation of an athlete's 
physical preparedness and movement capabilities. The paper describes an original approach 
to the estimation of athletes coordination abilities based on the construction and analysis 
of electromyographic patterns of complex coordination movements. The maximum 
informative test exercises with a complex motion structure are recommended. 
Reproducibility analysis of the electromyographic patterns of motion tests under the 
influence of external destabilizing factors is proposed. The following factors were chosen as 
external perturbing ones: disabling the visual and disabling the sound analyzer of a person. 
The coefficients describing the individual informative components of the athletes' 
coordination abilities are presented: the coefficient of influence of the visual analyzer (γ) 
and the coefficient of influence of the sound analyzer (τ) on the stability of reproduction of 
the movements with a complex coordination structure. Research of the coordination abilities 
of young athletes, specializing in tennis and figure skating, are presented. For young 
athletes, specializing in figure skating, the coefficient of influence of the visual analyzer is 
γ = 2.09 ± 0.49, the coefficient of influence of the sound analyzer is τ = 1.98 ± 0.58. For young 
tennis players, the coefficient of influence of the visual analyzer is γ = 1.97 ± 0.48, the 
coefficient of influence of the sound analyzer is τ = 2.12 ± 0.61. In addition, а significant 
correlation between the age of the athlete and the coefficient of the influence of the visual 
analyzer has also been established. The Pearson correlation coefficient for skaters is r = -
0.63, and for tennis players – r = -0.62. These indicates about the improvement of such 
component of coordination abilities with age. The recommendations on the practical use of 
the research results for young athletes are given. 

 

Keywords:  coordination abilities, multichannel electromyography, electromyographic motion 
pattern, digital signal processing, statistical analysis. 
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Rezumat. Abilitățile de coordonare sunt componente integrale în estimarea capacității de 
pregătire fizică și de mișcare a atletului. Lucrarea descrie o abordare originală a estimării 
capacităților de coordonare a atleților pe baza construcției și analizei modelelor 
electromiografice ale mișcărilor complexe de coordonare. Sunt recomandate exerciții 
maxime de testare informativă cu o structură complexă de mișcare. Este propusă analiza de 
reproducție a modelelor electromiografice ale testelor de mișcare sub influența factorilor 
externi de destabilizare. Următorii factori au fost aleși ca fiind perturbatori externi: 
dezactivarea vizuală și dezactivarea analizorului de sunet al unei persoane. Sunt prezentați 
coeficienții care descriu componentele informative individuale ale abilităților de coordonare 
ale atleților: coeficientul de influență al analizorului vizual (γ) și coeficientul de influență al 
analizorului sonor (τ) asupra stabilității reproducerii mișcărilor cu structură complexă de 
coordonare. Se prezintă cercetarea abilităților de coordonare a sportivilor tineri, specializați 
în tenis și patinaj. Pentru sportivii tineri specializați în patinaj, coeficientul de influență al 
analizorului vizual este γ = 2,09 ± 0,49, coeficientul de influență al analizorului sonor este τ 
= 1,98 ± 0,58. Pentru tinerii jucători de tenis, coeficientul de influență al analizorului vizual 
este γ = 1,97 ± 0,48, coeficientul de influență al analizorului de sunet este τ = 2,12 ± 0,61. În 
plus, sa stabilit o corelație semnificativă între vârsta atletului și coeficientul de influență al 
analizorului vizual. Coeficientul de corelație Pearson pentru  patinatori este r = -0,63, iar 
pentru jucătorii de tenis - r = -0,62. Acestea indică îmbunătățirea unei astfel de componente 
a capacităților de coordonare cu vârsta. Sunt date recomandări cu privire la utilizarea practică 
a rezultatelor cercetării pentru tinerii sportivi. 

 

Cuvinte cheie: abilități de coordonare, electromiografie multicanal, model de mișcare 
electromiografic, procesare digitală a semnalelor, analiză statistică.
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Abstract. The paper is dedicated to the technical and economic analysis of air-conditioning 
solutions for office buildings. În this paper two air conditioning systems were compared: the 
variable refrigerant flow (VRF) system and the chiller-fan coil system. Comparison of the 
technical and economic indicators was done using the "global cost" method. As a result of 
the analysis, it was found that: the energy saving in the air conditioning system to a great 
extent depends on building design solutions and the type of air conditioning system. 
 

Keywords: VRF, air conditioning system, chiller-fan coil system, cooling power, Global Cost, 
cooling energy consumed, economic effect. 
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Rezumat.   Lucrarea este dedicată analizei tehnico - economice a soluțiilor de climatizare 
pentru clădirile de birouri. În această lucrare s-au comparat două sisteme de climatizare: 
sistemul cu debit cu agent frigorific variabil (VRF) și sistemul chiller – fan coil. Compararea 
indicatorilor tehnico - economici s-a efectuat folosind metoda "costului global". Ca urmare 
a analizei, sa constatat că: economisirea de energie în sistemul de climatizare depinde în 
mare măsură de soluțiile de proiectare a clădirilor și de tipul sistemului de condiționare. 
 

Cuvinte cheie: VRF, sistemul de climatizare, sistemul chiller-fan coil, puterea frigorifică, cost 
global, energia de răcire consumată, efectul economic. 
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Abstract. The article starts with literature review on secondary metabolites, namely the 
iridoids contained in Linaria species (Scrophulariaceae). It describes the biological activity of 
the iridoid glycosides; the importance and the benefits of the secondary metabolites and their 
eventual application in organic plant cultivation. Is further elucidated the profile of the 
biologically active substances predominant in the purified extract of Linaria genistifolia (L.) 
Mill., named by us genistifoliosides. Are investigated the biological activity and the 
stimulating effect of genistifolioside aqueous solution in concentration 0.01% on the tomato 
seed germination, plants’ productivity (which is 33.9% higher) and the biochemical 
characteristics of the tomato fruit. It was elucidated, for the first time, the inhibitory effect of 
genistifolioside on the development of Alternaria alternata pathogenic fungi, affecting the 
vegetable crops; the 0.1% aqueous solution of genistifoliosides has the diameter of the fungi 
zone of inhibition 5.8 times bigger in comparison to the control sample and 4 times bigger in 
comparison to the certificated biopreparation. The purified extract of genistifoliosides 
exhibits properties of plant growth regulator as well as fungicidal properties and can be used 
in ecological agriculture. 
 

Keywords: Alternaria alternata, bioactivity, fungicidal, genistifoliosides, growth regulators, iridoids, 
tomatoes. 
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Rezumat. Aricolul începe cu o analiză bibliografică a metaboliților secundari, în special al 
iridoidelor, conținuți în speciile Linaria (Scrophulariaceae). Se relatează despre activitatea 
biologică a glicozidelor iridoidice, despre importanța și beneficiile metaboliților secundari și 
eventuala aplicare a acestora în cultivarea organică a plantelor. În continuare este elucidat 
profilul substanțelor biologic active - glicozidelor iridoidice, predominante în extractul 
purificat de Linaria genistifolia (L.) Mill., denumite de noi genistifoliozide. Este investigată 
activitatea biologică și efectul stimulator al soluției apoase de 0.01% de genistifoliozide 
asupra germinării semințelor de tomate, asupra productivității plantelor (care este cu 33.9% 
mai înaltă) și asupra indicilor biochimici ai tomatelor. Pentru prima dată a fost elucidat efectul 
inhibator genistifoliozidelor asupra dezvoltării fungilor patogeni Alternaria alternata, care 
afectează culturile lecumicole; soluția apoasă de 0.1% de genistifoliozide ate diametrul zonei 
de inhibiție a fungilor de 5.8 mai mare comparativ cu varianta martorului și de 4 ori mai mare 
comparativ cu biopreparatul certficat. Cercetările efectuate au demonstrat  că extractul 
purificat de genistifoliozide manifestă atât proprietăți de reglator de creștere al plantelor  cât 
și proprietăți fungicide și poate fi utilizat în agricultura ecologică. 
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creștere, iridoide, tomate. 
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Abstract. Wine spoilage could be caused by a lot of genera and species of yeasts. One of the 
most damaging is Brettanomyces/Dekkera which causes severe quality problems in the wine 
industry. Timely detection of these organisms in wine is of crucial importance for preserving 
wine quality. The conventional methods of diagnostics are often time-consuming and 
laborious. For this, molecular-based methods of rapid testing, particularly real-time PCR are 
gaining increasing importance. In this work, the potential of the real-time PCR method in 
microbiological monitoring of wines was evaluated, and analysis process according to the 
PIKA WeihenstephanTM SO Detection Kit H Brettanomyces/Dekkera protocol was optimized. 
 
Key words: Red wine, spoilage yeast, DNA extraction, detection kit Brettanomyces/Dekkera, real-

time PCR, volatile phenols, cycle quantification (Cq). 
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Rezumat. Alterarea vinului poate fi cauzată de diferiți agenți patogeni, inclusiv de levuri 
sălbatice. Unul din genurile de levuri care cauzează probleme mari în industria vinicolă. 
Detecția la timp a acestor microorganisme are un rol crucial în asigurarea unei calități 
superioare a vinurilor. Metodele moleculare de detecție, ce se bazează pe amplificarea ADN-
ului, inclusiv real-time PCR, sunt mai eficiente decât cele tradiționale, deoarece acestea din 
urmă necesită mult timp și un volum mare de lucru. În această lucrare, s-a evaluat potențialul 
metodei real-time PCR în monitorizarea microbiologică a vinurilor și s-a optimizat procesul 
de analiză în conformitate cu protocolul PIKA WeihenstephanTM SO Detection Kit H 
Brettanomyces/Dekkera. 
 
Cuvinte cheie: Vin roșu, drojdie de degradare, extracție ADN, kit de detectare Brettanomyces / 

Dekkera, PCR în timp real, fenoli volatili, cuantificare cicluri (Cq). 
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Abstract. Infrastructure development is a global priority. Most countries are investing 
enormous financial resources on high-quality, safe and sustainable roads. Taking into account 
the pace of technology development, it is currently not only building roads but complex 
projects. In the Republic of Moldova, as is well known, the situation with the roads is very 
difficult, in some regions they are practically only on paper. The article contains a description 
of the modern practices and technologies implemented in some countries regarding the 
construction and materials used for road clothing, as well as smart solutions on motorways. 

 

Keywords: road clothing, terrestrial communication, intelligent motorways, concrete road, plastic 
road, rubber road, paved road with solar panels, geogrid, intelligent road. 

 

The first roads were simple paths traced by the animals that migrated and followed 
by the primitive man in an attempt to widen his area of existence. Although all primitive 
societies had roads – either natural paths or straight roads made by cutting trees and leveling 
the ground – the first true roads builders are considered to be romans. Through their 
engineering skills, they have transformed the construction of roads into a science. They have 
built the first cobblestone paths, often made of tiles put over real masonry foundations, some 
of them have resisted to nowadays. 

The engineering ideas of the romanian drummers are still being applied. Modern roads 
still use four roman features: multi-layered pavement, curved edges for rain drainage, 
elevation above ground level, and use of parallel ditches to ensure rainwater drainage. 

The origin of the modern paving technique dates back to 1775, when Pierre-Marie 
Tresaguet built the first stone crushed, beaten through use, cemented by mud roads, these 
ones being a resistable and durable ground. Restored by the scottish John McAdam, this 
technique became at the beginning of the nineteenth century the technique, called 
„macadam”, a mixture of crushed stone and sand, compacted by stone or cast iron rollers 
drawn by horses. Another scottish, Thomas Telford, facilitated leakage of infiltrated water by 
laying the macadam bed on a large, unblemished bed of stones. Finally, their compaction was 
improved, starting with 1860, by the use of steam-driven heavy duty compressors, and after 
in 1925, of Diesel engine compressors. 

Towards the middle of the nineteenth century began to study a new 
technique – asphalt. In 1838 the first pavement in Paris was paved, and in 1854, in the same 
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city, Merian paved the first road. In 1867, the engineer Charles Tellier had the idea of covering 
the macadam with a very fine layer of tar and sand. In 1892, the first concrete road was built 
in Ohio (USA). 

In the USA, concrete roads account for 60% of all motorways in the country, in  
Europe – about 40%. At present, concrete road construction technology is so popular that it 
is used throughout the world for mass construction. Concrete casting is not easy to achieve, 
but high costs are redeemed due to the durability of these roads. 

Despite the complexity of the technology, this road has several advantages. The first 
is durability: the concrete is resistant to heavy loads, temperature drops and different 
humidity levels. Second advantage – simplicity of operation: their repair is simpler and 
cheaper than repairing asphalt roads. Depending on the quality of the concrete, roads can 
serve up to 40 years without capital repairs. In two USA cities – Houston and Dallas – there 
are roads built in the 1960s, which have never been repaired, being in good condition. The 
experience of concrete road construction today is taken over by China, Japan, Australia, some 
european countries. The prospect of building concrete roads in the Republic of Moldova is 
vague due to the complexity of expensive construction technology and equipment. 

Throughout history, the road has seen various types of road clothing: stone, brick, 
wood, sand, concrete, asphalt, etc. – the epochs and civilizations dictating its construction 
rules. It would seem that the road has reached perfection, the ideal smooth and durable 
asphalt of the German motorways is suitable for any kind of transport. 

„The road is a terrestrial communication path, consisting of a narrow and continuous 
strip of ground, stoned, paved or asphalted.” The given definition, offered by Wikipedia, the 
free online encyclopedia, is at first sight correct, but the 21st century comes with its changes 
in this explanation. Today, not, but in the near future this definition might sound like this: 
„The road is a terrestrial communication path, consisting of a narrow and continuous strip of 
ground, paved, sroned, concreted, asphalted or being made our of plastics, rubber and solar 
panels etc.” 

Mankind has long understood that road is a considerable necessity and its 
development will depend on its quality. Due to the fact that fom the antiquity man wanted 
something better, today, we have a much more developed street infrastructure. With all its 
advantages, the road network is not perfect, with a series of weak points including: 
 the construction and maintenance of asphalt roads require large investments; 
 the construction of asphalt roads takes a long time; 
 roads with traditional clothing have a low durability and reduced service life; 
 are prone to cracks and holes; 
 are sensitive to climatic conditions etc. 

At present, one of the major sources of environmental pollution is chemical wastes, 
such as waste paper, rubber, textile, glass, plastic etc. Intelligent recycling and re-use would 
solve this problem to a great extent. Many research has found that some waste can be used 
to construct „roads of the future”. 

Plastic roads. Plastic is one of the most badly biodegradable compounds, even for 
hundreds of years to break down. Plastic waste is produced in huge quantities and its 
recycling does not keep up. 

A scottish startup, McRebur, is going to give a new utility to the plastic that gets into 
the garbage dump. This could be the basis of the roads we are running. The method involves 
the transformation of plastic waste into granules that can be used for asphalting. Asphalt 
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plastic manages to replace most of the bitumen needed to create the finished product. 
Granules, practically, can be made of any kind of plastic, whether from household or 
commercial waste. 

British engineer Toby McCartney has developed an innovative project that allows the 
replacement of a large amount of petroleum bitumen asphalt base with small plastic granules 
made from processed bottles. Toby McCartney worked in India and became acquainted with 
the technology used by the indians, which consists of filling the pits with plastic waste melted 
right on the spot. Plastic is more durable than normal asphalt, safe for the environment and 
allows for bitumen saving. 

India today is the world leader in creating plastic roads. According to the World 
Economic Forum's 2015 report, about 33796 km of recycled plastic roads were built in India. 
Indian road construction technology consists of the following. First the waste is sorted, then 
cleaned, dried and crushed. The shredded plastic is blended and melted at a temperature of 
170 °C. Then hot bitumen is added to the molten plastic. After mixing, the content is set as 
an ordinary asphalt. Analysts are convinced that this cheap technology can be used to restore 
global roads. 

In general, asphalt on roads is a mixture of gravel, limestone and sand in the 
proportion of about 90%, while the rest is bitumen, which „binds” all of these ingredients. But 
the technology can be improved. Plastic bottles are recycled to be turned into toys, furniture 
or even jeans, and in the future these bottles could be turned into roads! 

The Netherlands could become the first country in the world, and Rotterdam, the first 
city to replace classical asphalt on its roads with a new plastics composite, after the Rotterdam 
City Hall announced that there is the possibility of implementing this idea on its streets. The 
construction company VolkerWessels started a project together with the city of Rotterdam 
called „PlasticRoad". 

The Rotterdam authorities hand over a lot of land to VolkerWessels where they can test 
their plastic road. According to the creators, the pluses of the plastic road are very large. It 
can be manufactured at the plant in blocks by special molding of a mixture based on recycled 
plastic, and installed very quickly on the required surfaces, which reduces the cost and time 
of work on the road. 

Inside, the plastic blocks are empty (figure 1), they can serve as a shelter for 
communications and water drainage channels, so along these roads it will not be necessary 
to drill the special ditches to install the communications. Moreover, the plastic road is 
resistant to corrosion, and for repairing it, it can easily replace a section of it like a LEGO. This 
road can be mounted on all types of soil, being placed on even sand. The plastic road is very 
easy, which reduces the pressure on the ground. The installation of plastic roads takes a few 
weeks, unlike traditional technology, where the works take several months, sometimes even 
a few years. Respectively, this allows both time and money to save, one kilometer of 
motorway varies at asphalt casters between 5,6 – 14,7 million euro. 

VolkerWessels mentions that the plastic road resists temperatures from -40 to +80 °C 
and is very environmentally friendly in production – annual production of traditional asphalt 
emanates 96 million tons of CO2 in the atmosphere. Additionally, it is resistant to chemical 
reactants and does not require practical maintenance, with low chances of creating pits. The 
lack of the need for repair works reduces the number of traffic jams. The lifetime of these 
roads may be 3 times higher than those of the asphalt. 
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Figure 1. VolkerWessels plastic road. 
 

The only downside of the plastic road consists in the fact that during rain it may 
present a slip hazard, requiring the assignment of a rough surface to increase adhesion. 

Rubber Roads. The asphalt manufacturing process of rubber granules is a powerful 
extension of recycling technologies. The experiments on the creation of a rubber road have 
taken a long time. The first attempts were about 70-100 years ago in the UK, when the rubber 
was used as pavement clothing to reduce the noise level. A century later, the polish 
remembered this idea. In 2015, polish asphalt producers invented a method of producing 
bitumen with rubber additions. In other words, they have developed and implemented the 
mass construction of rubber roads. 

The tires are disassembled, shredded and added in liquid state to bitumen, a material 
for the construction of the upper layers of the road surface. To produce a mix for 1 km of road, 
400-1200 tires are needed. The polish have already built over 200 km of so-called „quiet 
roads.” 

Tire recycling is a difficult problem in many countries, as millions of used tires reach 
the landfill and pollute the environment. Each year, around 42 million used tires are collected 
in California. Of these, about 75% is recycled, and the remaining about ten million used tires 
are thrown to the dump. Because the storage of rubbish rubbers and especially the burning 
of rubber wastes are highly polluting for air and soil, rubber recycling firms remain the only 
waste tire collection solution to protect the environment. 

Starting from these problems, California has developed an ingenious program of 
recycling used tires and transforming them into the asphalt in a proportion of 100%. By 
recycling old tires, an asphalt with a high degree of elasticity and less noisy is achieved. Due 
to its increased elasticity, this asphalt is harder to be deteriotated than regular asphalt. 

The recycling project, created by the California Integrated Waste Management Board 
(CIWMB), cost $ 325000 and uses the raw material from 21000 used tires. The amount of 
asphalt obtained is used for paving about 17 km of road. The implementation of this project 
allows the Californian state to save $ 100000 for every kilometer of the road, making the 
$ 325000 invested in the project cost to save of about $ 525000 on asphalting roads. 
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The new requirements imposed in road construction for asphalt mixes have 
determined, from the outset, the constant involvement of the companies in the research and 
development activity of these materials. It was therefore not surprising that GENAN, the 
world's largest recycling tire manufacturer, with three recycling units in Germany, one in 
Denmark and one in the USA, is actively involved in the production of some synthetic polymer 
replacement components. It was, therefore, a great economic and technological achievement 
when GENAN launched ROAD+ as an alternative to synthetic polymers, more environmentally 
friendly than other modifiers used so far. 

ROAD+ is an elastomer bitumen and asphalt modifier. The basic component of the 
ROAD+ product is high quality rubber powder, manufactured by GENAN, which, in combination 
with the VESTENAMER product, invented and patented by EVONIK, replaces the synthetic 
polymers used so far to modify the asphalt. 

The manufacture of the ROAD+ product does not present any difficulty, as it is obtained 
by recycling used tires. By applying GENAN to recycling used tires, significant CO2 emissions 
(1 to 2 tons of CO2 per tonne of used tires) are avoided and fossil fuels are saved. 

Compared to modified bitumen mixes based on other polymers, ROAD+ modified 
asphalt has the resistance to digging and cracking, ductile deformation and aging, which are 
clearly superior, and due to the elasticity characteristic of an elastomer, the product has the 
ability to compensate for internal tensions due to extreme variations of daytime to night 
temperature, regardless of the climate zone. Asphalt modified with ROAD+ turns out to be a 
silent asphalt, with a 5 to 6 dB reduction in noise generated by vehicle traffic, as compared 
to conventional asphalt. 

The addition of VESTENAMER in ROAD+ reduces the emissions occurring in the 
preparation of asphalt-based bitumen based on native polymers and at the same time reduces 
the migration of organic substances into groundwater. VESTENAMER improves the dispersion 
of rubber powder in bitumen and forms a strong chemical bond with the powder, resulting in 
a homogeneous mixture. ROAD+ provides very good machining properties that greatly 
facilitate ROAD+ modified asphalt casting even manually or in layers of low thickness. 

ROAD+ can modify any type or assortment of bitumen, regardless of origin. This proves 
to be a great advantage given the extremely varied quality of bitumens used. It can be used 
as a modifier, directly to asphalt mix in the asphalt production plant (dry process) or 
indirectly, by pre-treatment of the bitumen (wet process). 

Compared to other products similar to ROAD+ modified asphalt, it can be stored at 
lower temperatures, so it can be transported over longer distances, consuming less energy 
and reducing pollutant emissions. The asphalt mix with ROAD+ is 100% recyclable, without 
producing significant pollutant emissions during the process compared to other types of 
asphalt. 

The disadvantage of the rubber road lies in the sensitivity to low temperatures, which 
is more recommended for countries with a warm climate. 

Advantages of the rubber road: 
 first of all, it is environmentally friendly: during processing, the rubber is not burned but 

is recycled with a minimal amount of waste; 
 secondly, this component gives the mixture a major viscosity so that the coating becomes 

resistant to cracks and age. This increases the life of the roads and the money saving for 
their maintenance and repair. Adding this mixture to the asphalt makes it possible to 
increase the durability of clothing by 15 to 20 years. 
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 thirdly, the the rubber added in asphalt reduces the noise produced by the car movements 
by 3-6 dB compared to traditional roads, thus reducing the noise pollution. 

Roads paved with solar panels. Concepts of turning the road into an interactive and 
intelligent system are diverse. Though technological innovations in the field of automobile 
construction are becoming more and more spectacular, there is an increasing interest in roads 
as well as improvements that can be made to them. USA engineers Scott and Julie Brusaw have 
developed a scheme to transform the road network into a large solar power station. The 
project was called Solar Roadways (figure 2), and its essence is quite simple. The Brusaw 
spouses propose replacing road clothing with solar panels, covered with transparent and 
resistant glass material, able to withstand a constant transport load. This road accumulates 
the sunlight and turns it into energy for street lighting, electronic road signs, road signs and 
markers, as well as heating roads, preventing the formation of ice and snow. 

The Solar Roadways pavement is made up of three layers. The outer layer is the main 
problem of the producers. Special glass, strong enough to hold the weight of trucks without 
bending and destroying fragile solar panels, is very costly. Also, it should be remembered that 
the coating must be waterproof and sometimes very severe weather conditions. The second 
layer is electronic. This includes microprocessors, snow melting heaters, solar panels, LED 
lighting. The third layer is basic, communication. It is through him that electricity, „developed” 
by road, feeds external consumers. Solar Roadways can be telephoned, high speed internet 
instaled etc. 

The positive and negative arguments of Brusaw are obvious. Positive: cheap and 
affordable electricity, a huge autonomous power plant with the ability to connect to it 
anywhere, easy and convenient management of the raod marking and information, 
environmental benefits. 

The main drawback of the project is its high cost. A panel, according to the most 
modest calculations, costs 7-10 thousand dollars (asphalt with the same surface costs about 
$ 250), but also the reliability of the system is a big question. One thing is testing an 
experimental square under laboratory conditions, and another is daily traffic, rain, snow, dirt, 
mud covering the solar panels, and not cleaning with heating. 

France, another country testing this concept, decided to combine utility with the 
pleasure of developing a project to build highways in solar panels. Until 2021, 1000 km of 
french roads will be covered with photovoltaic panels. 

Engineers claim that technology is simple and efficient. Roads will be built from 
Wattway panels (figure 3). The project does not involve the construction of new road sections, 
but proposes the attachment of thin solar panels made of polycrystalline film called Wattway 
on the already existing road surfaces. The thickness of this Wattway is only  7 mm thick. 

The main advantages of these roads are energy generation, high wear resistance, 
automatic adaptation to temperature changes. Such a road can withstand up to 115 tons 
without deformation. The disadvantage of these roads lies in the construction and the 
materials used are quite costly. The project will provide energy for 5 million people or 8% of 
the French population. According to calculations, these „sunny” roads will be occupied by cars 
only 10% of 24 hours. Researchers also note that these roads are environmentally friendly, 
which will contribute to the future of improving the world's climate. 
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Figure 2. Solar Roadways pavement. Figure 3. Wattway panells pavement. 
 

Geogrill is a type of geosynthetic, which is a two-dimensional or three-dimensional 
cellular structure made of polyester cloth strips or polyethylene and polypropylene tapes 
fastened together with high strength welds. Stretched in the work plane, it forms a horizontal 
and vertical stable frame, designed to strengthen the soil, crushed stone, sand and other 
building materials that fill the cells of the geogrid. 

The main functions of geogrid are: to prevent soil deformation and slippage; ensuring 
good drainage on the protected area; fixation of sand or crushed stone on a slope or slope; 
the protection of road clothing against slipping and the formation of irregularities; increasing 
paving capacity; ensuring environmental safety etc. 

Geogrids can be uniaxial and biaxial. In the final production stage, the geogrid is 
stretched, orienting the molecules of the material in a certain way. The grid stretched in one 
direction – longitudinal – is called uniaxial and has rectangular cells. If the grid is stretched 
in two directions at the same time, it is called biaxial, having square-shaped cells. 

In addition, geogrids are divided into flat and volumetric. The flat geogrid (figure 4,a) is 
itself a regular geometric mesh of thick polymer bands backed into intersection points for 
additional curing and better adhesion to the soil. Geogrids of this type are used practically in 
all spheres and construction sectors as well as landscaping. They are highly demanded in 
road construction: their use reduces the cost of materials and significantly the levels of their 
consumption. 

Depending on the manufacturing material, flat geogrids are divided into several types: 
 glass fiber geogrids are used to reinforce asphalt concrete layers to reduce cracks and 

mitigate the effects of climate change; 
 basalt geogrids are used to strengthen asphalt clothing and reinforce the masonry during 

construction; 
 polyester geogrids are designed to strengthen and strengthen unstable soil, sand or broken 

stone, as well as reinforcement of asphalt clothing; 
 polypropylene geogrids are capable of stabilizing and reinforcing soils with reduced 

bearing capacity; 
 geogrids made of polyethylene are used for reinforcing stone walls and soils with 

extremely low load bearing capacity; 
 polyvinyl alcohol geogrids made with modern technologies are distinguished by the 

possibility of extension by 3-5% compared to other types. 
Volumetric geogrid (figure 4,b) is a volumetric cellular construction of polymeric or 

synthetic bands fixed between them. In working order it forms a modular cellular structure. 
The material is not exposed to putrefaction, action of acids, alkalis, being easy to install. Life 
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expectancy is at least 50 years. For mounting the volumetric geogrid module, special plastic 
anchors, metal anchors with a length of 500 (800) mm or iron fittings are used. The material 
is manufactured in modules, the coverage area is 10-25 m², the cell height 
50-300 mm, the cell diagonal 150-300 mm, the wall thickness of the band 1,1-4,5 mm, the 
working temperature range from -60 - +60 °C. The volumetric geogrid walls can be perforated 
to enhance adhesion with large granulation materials and improve soil drainage. 

Volumetric geogrids are used for the loose soil consolidation process, the protection 
of erosion slopes, the lifting of support structures and the strengthening of the channel or 
shoreline of an aquatic reservoir. Nearly all the slopes of the bridges are now reinforced by 
volumetric geogrids. But in order to fulfill its function, the volumetric geogrid is used together 
with additional materials, such as anchors and geotextiles. 

The unmistakable advantages of volumetric geogrids are: Simplicity of installation 
without special technique, favorable price for 1 m2, long operation period, corrosion 
resistance, no repairs needed during the whole operation period, ensuring ecology, high load 
bearing capacity, reduced weight etc. 

Geosite 3D (figure 4,c), as well as the geogrid, features a three-dimensional material in 
itself, varying substantially through the height of the cells. In geosite, they do not exceed 5 
mm and are capable of retaining only fertile soil particles in which plants are sown to create 
a natural cover of the slope. Over time, the vegetation layer assumes the functions of a 
protective layer, effectively fighting against erosion and landslides. The ground's particles 
are firmly held in the cells of the net, which contributes to the growth of plants and to the 
sliding of the slopes. 

Geomat (figure 4,d) is a two-dimensional structure made up of several layers of 
extruded polypropylene grids. The grids are superimposed on one another and are joined by 
means of a polypropylene thread by the thermal method. Geometries are usually used to 
straighten grass or small roots in the slope, creating a sustainable and reliable slope 
coverage. Due to its structure, the geomate retains soil particles more efficiently than a 
geosite, creating ideal conditions for plant root growth. To obtain tear resistance, geomats 
are sometimes combined with geosite or geotextile. 

 

    
a) b) c) d) 

Figure 4. Geogrids: a) – flat geogrid; b) – volumetric geogrid; c) – 3D geosite; d) – geomat. 
 

Smart roads and motorways are terms used in many proposals to incorporate 
technology into the road to get solar or wind energy used for lighting and weather 
monitoring. The „Intelligent Highway” will use the latest road construction technologies, its 
designers claim to be „more durable, safer and more intuitive.” The companies behind the 
project, dutch companies Studio Roosegaarde and Heijmans Infrastructure, who have been 
awarded the „Best Future Concept” in the Dutch Design Awards, say that their goal is to 
transform ordinary transport, focusing on the highway rather than on the vehicles they use. 
Here are some of the most spectacular innovations. 
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Electric Priority Lane (figure 5). An ambitious idea for the future of road transport is 
the special lane that allows electric vehicle drivers to recharge their electric vehicle 
accumulators as they travel alongside them. Special traffic belts are equipped with under-
electric electrical cables that generate electromagnetic fields, and with the help of Wireless 
Technology, the battery of electric vehicles is charged during the journey. For example, a 
BMW i3 can be charged in about 80 miles, a Nissan Leaf in about 84 miles, and a Chevy Volt in 
about 35 miles. This innovation simplifies the use of electric cars by reducing the need to use 
recharging stations. 

Interactive Light (figure 6). Another plan is to light motorways with special 
installations, based on several sensors that generate light, gradually increasing in intensity 
as the vehicles approach and then go out after passing, saving electricity (the energy 
consumed when roads are uncirculated) without endangering road traffic safety at night. 
Interactive lights are perfect for highways that are less circulating or for roads where parking 
is prohibited. 

 

  

Figure 5. Electric Priority Lane. Figure 6. Interactive Light. 
 

Glowing Lines (figure 7). Another idea is that road markings on motorways and roads 
are painted with a photo-luminescent powder that charges from the sunlight and can provide 
their shine up to 10 hours at night. Phosphorescence markings increase visibility and safety 
at night. Besides the advantage of providing better guidance on roads outside the localities 
(where there is no public lighting), the phosphorescent mark can lead to lower electricity 
consumption on low-circulation roads and public lighting. 

Dynamic Paint (figure 8). Another technology is the dynamic paint, which is a paint that 
becomes visible due to temperature fluctuations and allows the road surface to show 
important information about traffic to drivers. For example, snowflakes become visible on 
the road when the weather is cold (at -5 °C) and the surfaces become slippery, and if the 
ambient temperature is higher than +20 °C on the road, the sun symbol is visible. 

 

  

Figure 7. Glowing Lines. Figure 8. Dynamic Paint. 

https://lh4.ggpht.com/-wLVR4lYWeZc/UI8aSzyZO3I/AAAAAAAACa0/XQr9csYqvT4/s1600-h/banda speciala[4].jpg
https://lh6.ggpht.com/-Ruml7eU7-_I/UI8aVD7a4HI/AAAAAAAACbA/0u_QY1ay-gc/s1600-h/iluminare interactiva[4].jpg
https://lh6.ggpht.com/-SyebEU3VSg4/UI8aXT657UI/AAAAAAAACbU/2Rrky3wYr8I/s1600-h/marcaje stralucitoare[4].jpg
https://lh4.ggpht.com/-CAq9mUrpob0/UI8aaG8U3UI/AAAAAAAACbk/OAPuvzHKShM/s1600-h/vopsea dinamica[4].jpg
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Wind Light (figure 9). Dutch designers and engineers have thought of a highly 
intelligent lighting system based on wind power. A chain of small wind farms are mounted 
on the edge of the road, using the wind power to produce energy that powers the lighting 
system. Unlike interactive lights, wind energy-based lights illuminate with a propeller that 
generates electricity. The spikes rotate due to the wind produced by the vehicles passing 
through the area, so the energy from the propeller starts the road lighting system. As winds 
are needed to put them into operation, the lights only turn on when the vehicles pass through 
their area of action. 

 

  

Figure 9. Wind Light. Figure 10. Interactive Highway. 
 

Interactive Highway. Ohio State University of the United States proposes launching a 
motorway testing segment that can „communicate” with the drivers. It is the vehicle-to-
infrastructure data v2i system capable of delivering various road infrastructure information to 
the vehicle (figure 10). Thanks to the v2i model, the car picks up information from installed 
sensors over every 600 m and alerts drivers about traffic jams and road accidents, providing 
optimum traffic. The inventors are confident that their future roads will increase road crossing 
capacity and reduce the frequency of road accidents. However, the system requires all 
vehicles with v2i to be equipped. 

Battery-Road. The Polytechnic University of Milan has developed the Lybra 
underground feeding technology (figure 11). The idea is to convert the kinetic energy taken 
from the wheels of cars into electricity. The transformation device resembles an „artificial 
road roughness” located at intersections and pedestrian crossings, car parks etc. Cars passing 
this device produce 100000 kW of electricity per year (meanwhile, 10 devices are tested). 
According to the developers, the same amount of energy is produced by burning 19 tons of 
oil. This is enough to provide electricity for one year to 40 families. 

 
 

  

Figure 11. Battery-Road. 
 

https://lh5.ggpht.com/-xesNWywwcYk/UI8acNthnRI/AAAAAAAACb0/KZKgIr9XhWs/s1600-h/iluminare eoliana[4].jpg
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The Intelligent Traffic Light System (figure 12) is designed to increase the intersection 
crossing capability by using the dynamic signal control of the traffic lights. The system 
consists of remote controllers, cameras and sensors, which in real time assess the intersection 
load and transmit it to the central management server information. Communication with the 
central server is done through radio waves or optical communication lines. 

The intelligent traffic light recognizes in which direction and how many vehicles have 
accumulated, giving priority to one or another flow. The more cars are in traffic, the greater 
the time for them to operate the green light signal. The peculiarity of the system is that it 
takes into account not only the traffic that is approaching the intersection but also the ability 
to anticipate the emergence of new vehicles that could create traffic jams in the sector. 

 

 
Figure 12. The Intelligent Traffic Light System. 

 

The system is able to predict the traffic situation 15-30 minutes before and to develop 
an efficient traffic management plan in advance. In the case of an intersection road accident, 
this plan is automatically adjusted. Depending on the types of sensors, the system may 
consider the priority of public transport, emergency services, etc. in relation to other road 
users. In the event of a malfunction, the traffic lights switch to stand-alone mode and 
intersections start to be adjusted in the usual way. This avoids traffic collapse when 
emergency situations are created. 

Another idea of „intelligent traffic light”, called Eko (figure 13,a), comes from a serbian 
designer who invented a „intelligent traffic light” for those who are accustomed to starting 
immediately when the green signal of the traffic lights. It informs the drivers when the motion 
transmission signal will be connected, so that they can appreciate the moment of gear 
coupling or keeping the neutral stage with the release of the clutch pedal. According to the 
designer, such a traffic light reduces emissions of harmful substances into the atmosphere, 
as well as fuel consumption, if drivers stop cars at „long” traffic lights. The same principle can 
be applied to the green signal of the traffic light (figure 13,b) to avoid risky entry of vehicles 
at the intersection in the last passing times. 
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a) b) 

Figure 13. Eko Intelligent Traffic Light. 
 

The resonant or noise band (figures 14,a and b) is one of the means of organizing road 
traffic with artificial roughness, made in the form of alternating transverse strips on the road 
surface, causing vibration of vehicle suspension elements and increased noise at running 
wheels to warn the driver of approaching a dangerous road sector or leaving the lane. 
Resonant bands are one of the means to improve road safety. When driving with the wheels 
of the vehicle on the resonant lane, the driver feels significant vibration and noise action, 
which in turn contributes to the increased attention to the road situation. 

Unlike the elements of forced speed reduction („artificial road roughness”), the resonant 
bands, without causing considerable damage to the suspension of the vehicle, generate 
significant discomfort to both the driver and the passengers, signaling an unpleasant traffic 
situation. The resonant bands are applied to dangerous sectors of the high-traffic road, which 
require a change in speed or traffic direction. In city streets, resonant bands are rarely used 
because of the reduced noise effect due to the speed limit of 50 km/h. 

The positive experience of using resonant tapes in different countries indicates the 
high efficiency of this road safety technology. In the USA, resonant bands are used in 85% of 
countries, significantly reducing the number of deaths. On the motorways of Japan, the 
construction of roadside and line resonator bands, separating the opposite transport flows, 
has reduced the number of collisions with opposite direction traffic to 55%. In Finland, 
Denmark and Sweden, the use of resonant bands has also led to a significant reduction in the 
frequency of accidents and is mandatory for new road constructions. 

In some cases, the role of the resonant band can be achieved by structural road 
markings (figure 14,c) made of thermoplastic or cold plastics applied to the road as separate 
fragments (droplets). 

 

   
a) b) c) 

Figure 14. Resonant band: a) on the side of the roadway; b) separating the road in opposite 
directions; c) Structural thermoplastic or cold plastics. 

 

Conclusions 
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Today, our primary goal is to create a road with a less environmental impact, with a 
wear resistance as high as possible and with a high degree of safety. Traditional road clothing 
has its advantages, but scientific progress is about innovations, not traditions, the roads of 
the future are an innovation that can solve many of the current problems, the development 
and implementation of these innovative technologies is a right decision that we owe to 
achieve for our own sake and the next generation. Implementing intelligent solutions on 
highways would increase the safety of road traffic, resulting in the salvation of many human 
lives, both among drivers and pedestrians. 
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Abstract. Calculation of the service quality characteristics in a single-channel system with 
queue for the packet network is often reduced to the determination of the Hurst exponent 
for self-similar traffic, after which using the known Norros formula calculated average 
number of packets in the system. However, this method does not allow for the set value of 
the Hurst exponent calculated yet very important characteristics of quality of service, such as 
the average delay time of packets in the storage buffer and the service waiting probability of 
packet. In this work we propose a method for approximating the distribution function of the 
states of the system and on its basis, a formula for calculating the service waiting probability 
in a single-channel system with a self-similar traffic. 

 

Key words: self-similar traffic, service waiting probability, service quality characteristics, single-
channel system with queue. 

 

I. Introduction 
In packet networks, the flow of packets is formed by a plurality of requests sources for 

the provision of a network of services and network applications that provide video, data, 
speech and other services. The sources of requests involved in the process of creating a 
packet stream differ significantly in values of the specific intensity of the load. The intensity 
of the load of the resulting packet stream at any given time depends on what applications 
are served by query sources and what is the ratio of their number to different applications. 
Therefore, packet flows (traffic) significantly differ from the Poisson flow model where the 
exponential distribution function of the time interval between the moments of packet arrival.  

The structure of traffic is also influenced by the technological features of the used 
service algorithms. For example, if the service is provided by multiple applications or in the 
used protocols have the repeated transfer of incorrectly accepted packets, then the moments 
of packet requests are much correlated. Because of this, in the process of service, the output 
streams vary considerably and in the resultant traffic there are long-term dependencies in 
the intensity of the arrival of packets. In this case, traffic is no longer a mere sum of the 
number of independent stationary and ordinary streams, such as Poisson flows of telephone 
networks. In multiservice packet switched networks, traffic is heterogeneous, and streams of 
different applications require a certain level of service quality. In these conditions, the flows 
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of all applications are provided by a single multiservice network with shared protocols and 
management laws, even though the sources of each application have different rates of 
information transmission or change it during the communication session (maximum and 
average speed). As a result, the combined packet stream is characterized by the so-called 
"burstiness" of traffic with random frequency and duration of peaks and recessions. For such 
packet traffic is characterized by strong unevenness of the packets  arrival intensity. Packets 
are not smoothly dispersed on different time intervals but grouped in "packets" on the same 
intervals and are absent or very small at other intervals of time [1]. 

For packet networks, a mathematical model of self-similar traffic is used, but there is 
no reliable and recognized methodology for calculating the parameters and characteristics of 
the quality in mass-servicing systems in the context of servicing such traffic. With the growth 
of the degree of self-similarity of packet traffic, the quality characteristics in the system 
significantly deteriorate compared with the maintenance of traffic of similar intensity, but 
without the effect of self-similarity. 

The estimation of service quality characteristics (QoS) in a one-channel system with 
an infinite queue for self-similar traffic (model fBM/D/1/∞) often reduces to the estimate of 
the Hurst exponent H of self-similar traffic, after which according to the known Norros 
formula, the calculation of average number of packets in the system N [2 ] Other 
characteristics such as the average number of packets Q in the queue, the average packet 
time in the system T, and the average delay time of packets in the system of W are then 
calculated based on their known functional relationships from the calculated mean N [3]. 
However, such an algorithm from the Hurst exponent H does not allow to be calculated such 
characteristics as the service waiting probability for packet and the average packet delay time 
of tq in the buffer memory. 

The purpose of this work is to establish an approximating function for the distribution 
of states in a one-channel system with an infinite queue and self-similar traffic at the moment 
of packets receipt, and on the its basis made receiving the formulas for calculating the service 
waiting probability for packet and the average delay time of packets in the cumulative buffer. 

 

II. Calculation method 
In the mathematical models of the Queuing System (QS), the type of input stream, the 

scheme of QS and service rule are considered. In this case, an input stream with self-similar 
properties is considered, in which, for example, Pareto or Weibull distributions [1] are used 
to describe the distribution of the time interval between the moments of packets arrival. The 
service rule of packets in the flow is without losses but with the possibility of waiting in the 
infinite queue, and the rule of servicing packets from the queue - according to the rule of 
FIFO (firs input - firs output). The QS scheme is single-channel. 

The calculation of the service quality characteristics in the QS is always performed 
based on a mathematical description of the system response to the input packet stream. 
Under the reaction of the system, they understand the states that, due to the random nature 
of the packets flow, are mathematically described by the probabilistic distribution function 
of the number of occupied channels and waiting places Pi, where i is the number of packets 
in the system (in channels and in the queue). This function coincides with the distribution 
function of the number of packages in the system (serviced and waiting in the queue), since 
each packet occupies one channel in system or one place in a queue at the waiting. 
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In the case of the simplest Poisson model of flow in a QS with a loss or waiting (queue), 
the states of the system are described by one of the known Erlang distributions (i.e., the first 
or second distribution of Erlang, respectively) [3]. Finding the system state distribution 
function for more complex stream models is a very difficult task, and therefore, for this flow 
model, there are not of similar solutions. 

The utilization factor of ρ is defined as the ratio of the intensity of the input flow of 
requirements λ to the service intensity μ. For a single-channel system in any packet stream 
(arbitrary distribution G of the time interval between the arrival times of packets) ρ = 1 - p0, 
where p0 is the probability of a system's freedom or the state of the system p0 (system have 
0 packets). Thus, ρ coincides with the probability of the employment of the system or Pe = ρ. 

For the Poisson flow of packets, the service waiting probability of Pw coincides with 
the probability of employment Pe [3, p. 49] of the system and therefore for a single-channel 
model, for example, M/G/1/∞ (for any law of service distribution) we get Pw = Pe = ρ. 

Taking into account packets in queue in stationary mode there is a stationary 
distribution of system states or number of packets in the system pk, where k is the number of 
packets (state p0 - in the system 0 packets, state p1 - busy single channel, state p2 – occupied 
channel and one place in a queue, etc). Distribution pk does not depend on the moments of the 
packets arrival into the system (does not depend on whether the packet arrives or does not 
arrive in the system). For the Poisson flow of packets this distribution is sufficient to calculate 
the service waiting probability Pw, since 

 0

1

1 pp
k

kwP 




. (1) 

For arbitrary packet flows, for example, the G/G/1/∞ system, Pw ≠ Pe and this formula 
can only be used if the known distribution rk of the number of packets in the system at the 
moment of receipt of new packets, where k is the number of packets. The pk distribution 
differs from the rk distribution by the fact that p0 = 1 - Pe (or p0 = 1 - ρ), while r0 = 1- Pw. From 
this it follows that the packet should expect service with the probability Pw = 1 - r0. For the 
M/G/1/∞ system, the equation pk = rk is executed and therefore the pk distribution [3] is used 
instead of rk distribution. 

Consequently, in the case of a self-similar packet flow model with time interval 
distribution between the moments of packet arrival according to Pareto or Weibull's laws, the 
waiting probability calculation for service is possible if it is known system states distribution 
or the distribution rk of packets number in the system at the moment of receipt of new packages. 

 

III. Results and discussions 
In Figure 1 for  a one-channel system with an infinite queue by a dashed line shows 

the distribution function of the number of packets in the system pk, which does not depend on 
the moments of the arrival of packets into the system, and a continuous broken line shows the 
distribution function rk of the number of packets in the system at the moment of receipt of new 
packets. These functions were obtained using a computer simulation program of self-similar 
traffic [4]. 

It should be noted that in the self-similar traffic of packet communication networks 
there are large breaks (pauses) in the arrival of packets into the system [3], and therefore the 
probability p0 (for this example p0 = 0,495) is the largest in the distribution function of the 
system states. 
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Figure 1. – Distribution functions of the system states and its approximation. 

 

From Figure 1, we see that the bulk of the distribution function of the number of 
packets in the system at the moment of new packets receipt rk without probabilities r0, r1 and 
r2 is sufficiently qualitatively consistent with the approximating function Bi (shown by the 
points), as proposed by the following expression: 
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where T – the average stay length of packets in the system. 
In formula (2), the approximating function Bi is an exponential function with a 

distribution parameter 1 / T, ρ – is load of the system or utilization factor (0 < ρ < 1). 
In the non-Poisson flow with a Generalized distribution G of the time interval between 

the moments of arrival of packets (for example, the self-similar flow of type fBM), the service 
waiting probability in a single-channel system is calculated by formula (1), but necessarily 
with the use of the distribution function rk of the number of packets in the system at the 
moment of new packets receipt: 
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But, as it can be seen from Figure 1, if the probability B0 from the approximating 
functions (2) is directly calculated instead of the true r0, then a big error will be obtained. 
Therefore, the error of calculating the service waiting probability by the formula Pw = 1 - B0 
will be the same large error. Consequently, according to expressions (3) and (2), the service 
waiting probability in a one-channel system with an infinite queue of type fBM/G/1/∞ will be 
defined as follows: 
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Thus, if it is possible to set the average stay length of packets in the system T or after 
determining the Hurst exponent using the Norros formula [2] to calculate the upper limit of 
the possible average N, then using the approximation (2) and using formula (4), one can 
calculate the waiting probability Pw of the packet. Since in the approximating distribution (2) 
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parameter 1 / T = ρ / N [3], where N is the average number of packets in the system, then for 
practical calculations in the distribution (2) we can specify not 1 / T  but ρ / N, where ρ – is 
load of the system or utilization factor (0 < ρ < 1). 

 

Conclusions 
In the conclusions, it should be noted that imitation modeling [4] confirmed the 

correctness of this calculation method of service quality characteristics in the system 
fBM/G/1/∞ with self-similar traffic. At the same time, the difference between the simulation 
and calculation results does not exceed 5% when the system loads in the range 0.3 < ρ < 1 
(with ρ ≥ 0,6 error less than 2%) and the change in the Hurst exponent values in the range 
0.5 < H < 0.9 [5]. 

At that, as it can be seen from Figure 1, the result of calculating the service waiting 
probability Pw will always be somewhat overestimated, since the approximating function (2) 
also gives somewhat inflated results relative to the real probabilities r1 and r2, which are 
included in the sum of the calculation formula Bk (4). For example, Figure 1 shows that the 
probability r0 = 0.153 and therefore the real service waiting probability Pw = 0.847. The 
calculation of this probability by the formula (4) gives the value Pw = 0.885, which is only 
4.7 % higher than the real value of the service waiting probability. This is the case when ρ = 
0.5, with ρ ≥ 0.6 the error less than 2% and so on. 

From the known formula W = T - 1 the average delay time of packets in the system 
W is calculated, after which one can calculate the average delay time of packets in the 
cumulative buffer tq = W / Pw. 
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Abstract. The problem of calculating the transient and wave processes in the circuits with 
the concentrated and distributed parameters is examined. A comparative-qualitative 
analysis of the analytical and numerical methods used for these purposes was carried out, 
indicating the advantages and disadvantages of their application. It is presented algorithms 
for applying the examined methods. It is found that numerical calculation methods have 
many advantages in studying stationary and dynamic processes in the natural sequence of 
processes course in the circuit. It is recommended to use the finite difference method. It is 
presents the main phases of realization of the application of a numerical calculation method 
and results of the comparative and qualitative analysis of the analytical methods (classical, 
state variables, frequency, stationary waves, Fourier transform, operational, traveling waves) 
and numerical (finite difference, finite element, finite volume). 

 

 Keywords: distributed parameters,  traveling waves,  numerical methods, finite difference method, 
algorithm, advantages. 

 

 Introduction 
 The transmission and distribution lines of the electrical energy are a very important 
functional element of power systems. In these structures are manifested most frequently of 
the particularities of the characteristic regimes for the circuits with the distributed 
parameters. As a consequence, is the necessary to solving a wide range of technical problems 
are required for the design of overhead power lines and cable lines, such as the determination 
of the reasonable level of insulation, requirements for protection systems, power flow 
management, static stability and dynamic stability, loss calculation on permanent and 
transients modes etc.  

Solving this problem cluster requires new approaches and application of new 
computational calculation methods of both the permanent regime and the dynamic regime 
to perform various operative maneuvers in the power system. These suggestions also refer to 
non-stationary and dynamic regimes. The quality and completeness of solving the problems 
of designing and operating power systems depends on the depth of knowledge of all aspects 
of operation in both permanent and non-stationary regimes. 
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1. Structural and functional characteristics of electrical circuits. Investigation issue 
Traditionally, calculation of the operating regimes of the power systems is done 

separately for permanent and transient regimes. The methods currently used operate with 
the equivalent scheme of electrical lines with generalized parameter values. The equivalent 
calculation scheme has the structure diagram of the phase of the electric line  which has the 
m phases. For this situation, it applies a hypothesis that considers that the phases of a 
polyphase system, for example with m-phases, are symmetrical. 

In fact, electrical processes in power systems are continuous and uninterrupted. Based 
on this finding it can be considered rationally to examine the electrical and electromagnetic 
processes in their natural sequence of development, because any transient process ends with 
the attainment of the status of the permanent regime, and each permanent regime is the 
beginning of a transitional regime. In circuits with distributed parameters, the fast transient 
process has a waveform. This mechanism is conditioned by the high velocity of propagation 
of the potential (voltage) and current waves in power lines. 

The study of wave processes in power equipment (electrical machines, transformers, 
suspended cables and multiple cables, overhead power lines) has been the focus of many 
researchers and the scientists [1-13]. As a significant indicator of the functioning of the power 
systems, the energy losses are considered. The reduction of losses is possible based on the 
deep knowledge of the essence of process developments at all the phases of transformation 
and transport of power flows through the circuits of the power system. Consumption is an 
independent and random variable, and system operator interventions have to be executed 
based on algorithms that can ensure optimization of the system, for example, based the 
diminishing of losses of the controlled object [14]. 

Structural inhomogeneity is a frequent feature of power systems. The inhomogeneities 
significantly influence processes and operating regimes, including in the power system [11]. 
Electronic computers and the development of numerical computational software allow a new 
approach to the problem of the research of the regimes in the electric circuits with 
concentrated and distributed parameters compared to the known classical methods [12, 13, 
15]. 

The analysis of scientific publications in this field indicates that there is currently no 
single and strictly formulated wording on the methodology of calculating the transient and 
waveforms of energy indicators that are used to characterize power transmission processes 
in distributed parameter circuits and variables. For the description of the waveforms and the 
calculation of these phenomena in the electric lines, the telegraph equations are most 
frequently used [4, 5, 16]. It can be mentioned that the reasoned analytical solution is known 
only for voltage and current waveforms with rectangular slope when propagating them in the 
semi-finite homogeneous line without losses [4]. 

The inhomogeneity of distributed parameter circuits is another major factor that 
creates great difficulty in calculating the operating modes of the long line with distributed 
parameters, including the transient regimes in these circuits. The approximation of the long 
line through the quadriplets allows the processes to be calculated in the non-homogeneous 
lines with a satisfactory accuracy [17, 18]. This finding is correct in the case of solving the 
direct wave propagation problem in circuits with distributed parameters, for example waves 
generated by partial discharge in the stator winding of high power electric machines [19] and 
high voltage cables [20]. The establishment of the stationary short circuit in electric networks 
can also be seen as a non-homogeneity of the circuit. Often, the short circuit mode is an 
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unbalanced short-circuit, which makes it difficult to analyze the operation of the electrical 
networks. In the case of unsymmetrical short-circuits it is necessary to use calculation 
methods that operate with the direct, indirect and monopolar sequences of the currents, 
which leads to the increase of the volume of calculations even for the stationary short-circuit 
[9, 21]. 

The electrical lines are constructed with several phases and circuits. This creates 
difficulties in investigating electromagnetic processes in lines with many conductors. In the 
this lines is the effect is noticed of the mutual influence between the phases and the circuitry 
of the line, which is not taken into account when analyzing the particularities of the operation 
of the three-phase lines. This leads to different loading of the phases, even case at 
symmetrical load and in the granted mode of the polyphase line with the load [22]. For these 
reasons, the substitution of the three-phase electrical line with its one-conductor equivalent 
is an approximation, which has a methodological error from the start.  

The inhomogeneities caused by the constructional particularities and the topology of 
the physical infrastructure of the electrical networks (branching, connection of the electric 
energy receptors at different points of the circuit or the connection of the distributed 
generation sources) are the causes of additional methodological errors in obtaining the 
sought solutions. The broadband deviation of geometric dimensions, the jump change of 
electrophysical parameters at the marginal boundaries of the construction elements, present 
real difficulties and limit the fields of use of traditional methods of calculating the transient 
and wave modes in non-homogeneous circuits with distributed parameters. 

The use of Maxwell equations to study the interaction of electromagnetic phenomena 
in electrodynamics presents a difficult mathematical problem due to the need to consider the 
interaction of the electromagnetic field with the non-homogeneous environment [22] and 
the particularities of changing the direction of energy transfer in networks with smart grid 
properties [2, 3]. The development and use of computational methods and mathematical 
models to study dynamic processes in heterogeneous environments is a complex and non-
trivial problem. The theoretical bases for solving these problems are the Maxwell equations 
in differential and integral form. The telegraph equations are an approximation of the 
Maxwell equations. The community of these equations systems presents a unique 
methodological platform for studying the various problems characteristic of contemporary 
power systems. 

No deductive procedure used to calculate or predict a process does not accept large 
gradients evolution of unknown variables and calculated functions (time and space). As an 
example of this type of circuit, it is possible to indicate the circuit formed by overhead lines 
when they include cable lines, Franklin's lightning arrestor with a vertical earthling electrode, 
lightning current leakage circuit, stator windings of electric machines great power, etc. 
Different portions of these circuits have a large jump ratio of parameter values, for example, 
the characteristic impedance of the airline and cable sections, which can reach the value of 
the 8 ... 12 ratio. 

In breakdown modes (phase conductor rupture, ground fault), these phenomena may 
be equivalent to a change in the line load at that point from the idle mode (IM) to the short 
circuit (SC). We will mention that this change also has the transition phase from one regime 
to another marginal regime, ie from IM to SC and vice versa. The development and use of 
mathematical models to study dynamic processes in non-homogeneous environments is a 
complex and non-trivial problem. 
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This paper analyzes the advantages and disadvantages of some methods of calculating 
the transient and wave processes in the long lines, arguing the utility and advantages of 
applying the apparatus of mathematical physics and the numerical methods of calculus, 
which adapted to solving problems in the field of the modern of the power systems and 
electrical engineering. 

 

2. Calculation methods of the waves and transitory processes 
The development of the computing technique has opened new horizons in the 

research of the transient and wave processes in the non-homogeneous circuits with lumped 
and distributed parameters. Computational methods use mathematical models of electrical 
circuits that are equivalent to the respective physical infrastructure. So, the first step of any 
study in this field is to formulate the problem, the mathematical description of the studied 
object, the selection of the method of solving the equation or the system of equations, and 
the analysis of the obtained results.  

The mathematical model presents a system of equations with a variable or several 
independent variables. In all cases, the coefficients in equations are parameters of the 
equivalent circuit, which are determined experimentally [24, 25], by calculation based on the 
design data [26] or as a result of a synthetic approach, using the results of the measurements 
of the instantaneous electrical values for calculating the parameters of the equivalent circuits 
schematics [27]. 

The permanent mode is characterized by constant values in time of currents and 
voltages in the electric circuits. This is also true if currents and voltages are regular functions, 
mostly harmonic functions. In the case of transient regimes, currents and voltages are non-
periodic functions in the circuit elements.  

If the circuit satisfies these conditions then this circuit is in a transient or non-
stationary state. 

Methods of calculating regimes in electrical circuits are divided into two large groups: 
methods operating in the time domain and in the frequency domain. These particularities 
determine the method of calculating the mode of the analyzed circuit. Table 1 presents 
succinct information that characterizes the basic methods used to calculate the transient 
regimes in lumped - parameter circuits [28]. 

Table 1 
Basic methods used to calculate the transient processes in circuits [28]. 

Name of 
the 

method 

Additional conditions 
limiting the scope 

The conditions 
for estimating the 

accuracy of the 
solution 

Simplicity 
of use 

Development 
opportunities 

on 
future 

Classic 
method 

1) Equations must be single-
function functions. 

2) The number of integration 
constants should not be 

high. 
3) In the equations 

containing integral the 
determined functions must 

have derivatives. 

There are, but 
they are little 

known. They can 
be determined by 

using methods 
known in 

mathematics. 

The method 
is not 

simple. It is 
need to 

determine 
the 

integration 
constants. 

 

 
The 

possibilities 
are great, but 

their 
realization is 
facing great 
difficulties. 
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Continuation Table 1. 

The 
Cauchy-
Hevis-aide 
method 

1) The initial and boundary 
values of the searched 
functions must be zero. 

Otherwise, it is necessary to 
use artificial operations. 

2) The product's function t 
(time) is missing. 

3) The method does not 
indicate estimates of 

marginal values the domain 
use. 

The method does 
not allow 

determination of 
these conditions. 

In part, 
conditions can be 

determined by 
analogy with the 
Laplace method. 

The method 
is very 
simple. 

The 
possibilities 

are very 
limited. The 
exception - 

method 
development 

in the 
analogous 
direction to 
the Laplace 
transform 

Fourier 
transform 
method 

1) It is not robust for initial 
and limit conditions other 

than zero. 
2) Unknown functions must 

have the Fourier image 
(functions with breaks of 
type 1 are admitted, but 

many useful functions are 
excluded). 

Exact conditions 
are known. 

The method 
is excellent. 

The 
possibilities 
are limited 

because it can 
only be used 
for functions 
with Fourier 

image. 

The 
method of 
the 
Laplace 
transform 

The determined and sought 
functions must have the 

Laplace image (It is useful 
for all functions for which 
the Cauchy-Hevisaide and 

Fourier methods are robust). 
It is robust for many 

functions that can not be 
determined by the classic 

method. 

Exact conditions 
are known. 

The method 
is excellent. 

The 
possibilities 
are great. 

 

2.1. Analytical methods  
Classic method. This method is based on the direct integration of the differential 

equations describing the electromagnetic state of the circuit. The solutions obtained are time 
functions of currents and voltages in the elements and portions (chains) of the analyzed 
electric circuit. The currents for the transient phase until the process is completed for this 
mode are determined, so finally, the characteristic values for the stationary phase are 
obtained. 

The method is used to calculate the mode in linear electrical circuits. The solution has 
two components: the forced component and the free component, which overlap 
simultaneously in the run-through of the transient process. The time length of the transient 
process is determined by the attenuation time of the free component to zero value or very 
close to zero. The state equations of the circuit are compiled according to Ohm and 
Kirchhoff's laws for instantaneous voltages and currents. 
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The process of obtaining the solution of the analyzed problem includes the following 
steps: define the independent variables; the initial conditions (determination of voltage 
values on capacities and currents in inductances for time t = 0) are formulated; is describes 
the electromagnetic state of the circuit with differential equations; we determine the 
relations of the general solution, which includes the solution of the homogeneous differential 
equation and the particular solution of the non-homogeneous differential equation; the root 
values of the characteristic equation are calculated; is determined from the initial conditions 
the integration constants. Obtaining the solution is not a problem if the differential equation 
order describing the equilibrium state of the voltages is not great. 

The Duhamel integral method. It is used for the case that the signals applied to the 
circuit terminals have an arbitrary form of evolution over time. The method is robust for linear 
electrical circuits. The general solution is obtained by summing the circuit reactions to 
disturbance with type signals, which are presented of the voltage jump at discreet moments 
of the time in the arbitrary shape definition range. For this it is necessary to know the circuit 
response to the perturbation formed by the unitary value signal. The circuit response for this 
type of stress is described by the transient conductivity function g (t) of the current and the 
transient response function of the voltage h(t) [9, 29]. The general solution is obtained using 
the concept of superposition of the circuit reactions to the perturbations conditioned by the 
signals with the form in the step, which are a way of approximating the original function with 
the arbitrary shape, applied to the terminals of the studied circuit. Duhamel integral is used. 
The independent variable is denoted by τ and the duration of the time interval for 
determining the current evolution in the circuit is denoted by t. 

The execution order of the calculation option of the transient process when using the 
Duhamel integral: the transient function g (t) with the classical method or the operational 
method of calculating the transient processes is determined; we calculate the derivative of 
the function under the sign of the Dhuamel integral (function that integrates with the 
independent variable τ). This is done by determining the relation of the derivative of the 
known function with the independent variable t (for each voltage-perturbed disturbance 
which approximating the arbitrary shape signal). In the obtained function of the derivative is 
substituted the size denoted by t with the symbol τ; the relationship of the Duhamel integral 
is drawn from the moment t = 0 up to the defined time limit t; the solution of the Duhamel 
integral for the timeframe defined by the respective integration limits is obtained. 

The state variable method. The state variable method is an orderly method for 
determining the electromagnetic state of a circuit based on solving a system of first order 
differential equations. For this it is necessary to draw up a system of first order differential 
equations. The number of system equations is determined by the number of independent 
energy storage elements indicated in the equivalent scheme of the circuit. These equations 
must satisfy two conditions: the equations must be independent relations and ensure the 
possibility of retrieval according to the known values of the state variables, the state of other 
arbitrary variables. Practice indicates that as state variables it is reasonable to select the 
currents in inductances or the total magnetic flux in these elements, the load or the voltage 
of the capacitors. Knowledge of the temporal evolution laws of these physical quantities 
allows substitution of these elements with voltage and current sources with known 
parameters. The portions of the circuit without energy storage elements are represented by 
passive elements in which the current can be calculated according to the known values of 
the voltage and current source parameters. 
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When applying of the state variable method, an algebraic system of equations, which 
includes unknown state variables and external sources of disturbance, is developed. The 
system of equations is in the form of a matrix. It may be mentioned that for complex circuits 
there may be some difficulty in making algebraic equations, using Kirchhoff laws. In order to 
overcome this difficulty, a formalized method for the elaboration of state equations has been 
proposed. 

The method includes the following steps: compiling the directional graph of the circuit 
with the shaft selection, which includes all the capacitors and the voltage sources of circuit. 
The resistances (passive elements) are used to ensure the connection of all the nodes by the 
tree; the chain graphs are assigned; start assigning the chain numbers to the capacitor circuit, 
then to the resistor chains, and the latter to the chains with inductive elements; the table 
reflecting the connection of the circuit elements is completed. 

The first row of the table is completed with the capacitive, resistive elements and the 
graph tree's voltage sources. The first column of the table includes the resistive and inductive 
elements of the communication (link) and power sources. Completing the free fields of the 
table consists in alternating the tree branch closing by means of the communication branches 
until the circuit loop is formed. The '+' sign marks the graph chains, the orientation of which 
coincides with the circular direction of the loop and with the sign '-' chains that have a 
counter-orientation in the direction of movement. The final result consists of filling in all the 
fields in the table. The fields that form the columns of the table correspond to the first 
Kirchhoff law, the lines that form the rows of the table correspond to Kirchhoff's second law. 
It is necessary that when converting the data forming the rows of the connection status table 
into algebraic equations, the opposite sign is taken for passive elements as compared to the 
one indicated in the status table. Using the completed table in the order described allows 
obtaining the equation system of the analyzed circuit using a rigid and formalized algorithm 
for drawing the equilibrium  voltage equations the circuit. 

The operational method. The operational (symbolic) method consists of solving a 
system of algebraic equations for the images of the desired variables, followed by a transition 
from the functions of the operational solution images to the original functions. This method 
is applicable to linear equations with variable coefficients, so it can be used to determine the 
characteristics of the transient process and in the circuits with distributed parameters. 

The essence of the operational method consists in the substitution of the original 
function and its derivatives from the time domain with an associated function F (p), whose 
independent variable is a complex number p = a ± j b [9]. This associated function F (p) is 
called the original function image f (t). Derivatives and integers in the integral-differential 
equations are substituted with the respective images. The derivative option is substituted by 
multiplication to the operator p, and the integration operation by division to the operator p. 
As a consequence of these substitutions the transformation of the integral-differential 
equations in the algebraic equations, in which the operator p presents the independent 
variable, is ensured. 

In the [30] the following algorithm for the application of the operational calculation 
method of the regime in the electric circuits is proposed: calculate the permanent regime 
before the transition state (t < t0), to obtain the initial values for the currents in inductances 
iLm and the voltage on the capacitances of the circuit uCn, where m and n are the respective 
inductive and capacitive elements. If time t0 ≠ 0 (the start time of the transient process in the 
circuit) a change of the origin of time '

0t t t  is made because the unilateral Laplace 
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transformation is defined for t > 0; it is built the diagram of operational circuit, the operational 
circuit diagram, corresponding to its structure at time t = 0+, which will contain the 
operational impedances of the passive elements of circuit , the Laplace images of the voltage 
and current independent sources and of the "fictitious" sources corresponding to the non-
zero initial conditions iLm(0-) and  uCn(0-); depending on the structure and complexity of the 
equivalent operational scheme obtained in step 2, the more appropriate method of analysis 
(Kirchhoff operational formulas, loop current method in operational formulas, classical nodal 
method or operational nodal method, superposition theorem, transfigurations methods, 
picture-type methods etc.) to determine Laplace images of unknown functions (circuit 
variables - ILm (p) and UCn (p)); the determined of the original unknown functions with applied 
by one of the inverse transformation methods, for example, using the Heaviside formulas. 

Frequency method based on Fourier transform. This method is widely used in solving 
synthesis problems. The frequency method is used in circuits whose input characteristic is a 
non-periodic function. The non-periodic function is represented by the sum of an infinite set 
of sinusoidal functions with infinitely small amplitudes and frequencies, which have all 
possible values from -∞ to + ∞ [31]. The decomposition of non-sinusoidal function into 
sinusoidal components allows the use of known calculation methods of linear electrical 
circuits. The currents in the circuit are calculated from the action of the individual voltage 
components, after which the resulting current is determined using the overlapping method. 
Any non-sinusoidal function that has a finite number of extreme values (min. and max.), and 
discontinuities of the first type over a complete period can be represented as a Fourier series. 
The non-periodic function is characterized by a continuous frequency spectrum.  

Transient process calculation algorithm by frequency method: based on the initial 
data, the equivalent scheme of the circuit is elaborated; it is determine the harmonic 
spectrum of the signal applied to the analyzed circuit by determining the current and voltage 
values for the circuit reference points; it is determine the current and voltage frequency 
characteristic and with the application of images or of the decomposition theorem it is 
determine the time function of the unknown variable, eg the current i(t). The advantage of 
the frequency method is that this method can be applied to any circuit regardless of its degree 
complexity of circuit. 

The method of stationary waves. When solving engineering problems, it is reasonable 
to use the Fourier method. In this case the solution presents itself as an infinite array of 
harmonics with the stationary waveform. The disadvantage of this method is the fact that for 
some problems, non-orthogonal own functions are obtained. This does not allow the 
determination of Fourier coefficients independently of each other. The particularities of the 
execution of the non-static processes calculations in the with high gradient circuits of the 
distributed parameter values lead to the Gibbs [32] phenomenon in the solutions obtained 
since the initial voltages and current functions fulfilling the pre-commutation limit conditions 
must be arranged in series, based on its own functions, which satisfy the limit conditions of 
switching. Practically, calculations in the presence of the Gibbs phenomenon can be made by 
summing the arithmetic mean values of the series [32] or the Lanczos multipliers method is 
used [33]. 

An advantage of the frequency method is the possibility of relatively fast 
determination of the spectrum of the natural frequencies of the analyzed system, the 
knowledge of which is necessary for the subsequent calculation of the surges amplitude. 
Knowing the frequency characteristics of the system allows the formulation of 
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recommendations and the determination of solutions to exclude resonance phenomena and 
disturbance filtering that may affect the operation of protection systems and control and 
measurement circuits. It can be mentioned that, compared to the frequency method [34], the 
use of the Fourier method in calculating the overvoltage values only requires knowledge of 
the discreet spectrum of the circuit's own frequencies and characteristic impedance values 
for these own frequencies (according to the Dirichlet Theorem [35]). 

Wave way method (d'Alembert waves). This method in the best way corresponds to the 
physical essence of the transient processes in the circuits with distributed parameter [4]. At 
the same time, the direct application of the d'Alembert method to solving mixed problems is 
typically used for lossless lines and the lines that do not distort the shape of the traveling 
waves. In other cases, it is impossible to talk about the propagation of current and potential 
waves in the exact sense of the waveform definition, since the wave way form changes very 
much during their movement from the input point to the circuit [36, 37]. This method allows 
to be calculated of the wave amplitude for the first wave propagation in the circuit. 
Accounting for wave reflections and refractions for subsequent time intervals, leads to 
complications of the computational algorithms and a rapid increase in the amount of 
information that is needed for the memorize [38]. 

 

2.2. Numerical calculation methods 
The use of the theory and classical methods of calculating regimes in electrical 

circuits, including the transient regimes, may face several difficulties. Analytical methods 
have limited applicability and are not capable of covering a wide range of problems 
characteristic of modern power systems. As a result of the development of the computing 
technique, the scope of numerical calculation methods has been extended. The computers 
allow overcoming many barriers conditioned by necessary to work with the large volumes 
information in the time during the numerical calculations. 

The numerical analysis of the transient processes in the circuits with concentrated 
parameters  and  the circuits with distributed parameters it is based on the use of the 
mathematical models of the studied objects, which as a rule are presented by systems of 
integral - differential equations or differential equations [39], which including the distributed 
parameters. These models are developed by ensuring steady state for both permanent and 
transient regimes. In the latter case, it is necessary to operated with instantaneous values, 
which it is the functions of the time and space. 

There are approved algorithms that are used to compile and present state equations 
of electrical circuits in the form of canonical equations. This ensures the possibility of solving 
these equations with approved numerical methods, which ensures the credibility and 
precision of the obtained numerical solutions. However, the application of these algorithms 
and of test methods is not possible for some non-homogeneous electrical circuits with jump 
of the parameter values at the boundaries points of connection of different circuit portions. 
They lead to the necessity to modify both the algorithms and the numerical methods of 
calculation, the decomposition of the studied problem and its solving in several phases, for 
example the determination of the initial and limit conditions at the boundaries points of 
connection of different circuit portions. 

The application of the traditional methods and numerical methods  for the integration 
of the differential state equations faces difficulties in investigating with slow and fast speed 
electromagnetic processes in electrical networks, characterized by: initial rapid change and a 
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slow change of the dynamic process in the circuit; the jump change of parameters in the 
circuit, including in circuits with distributed parameters and the jump change of the electrical 
parameters that can change under the influence of disturbances from the outside of the 
circuit as well as internal switches in circuit; concomitantly running multiple processes with 
different frequencies. 

Numerical methods of calculation are from the beginning approximate calculation 
methods. The methods allow formalization of the solution obtaining procedure because by 
introducing a set of basic functions (frequently continuous functions on continuous function 
mesh intervals) can be excluded from the differential equation solving algorithm in the 
process of searching for complex functions, which satisfy this differential equation and 
marginal conditions [39]. Basic functions allow determination derivatives of differential 
equation and relationships describing the energy (mechanical or electrical) of the studied 
object. As a result of these approximations, the continuous function with a single variable or 
more independent variables it is presented through the discrete values in the some landmarks 
(characteristic nodes). In this context, continuous function analysis is done by executing a 
simple set of algebraic operations with the known values of functions in the discrete points 
(nodes) of the numerical computation network. Thus, the use of numerical computational 
methods to solve problems in the field of mathematical physics is reduced to the use of 
simple calculation methods, which are executed with the use of electronic computing 
machines. 

 

2.3. Algorithm of obtained the numerical solution 
The process of solving complex problems with the use of numerical calculation 

methods is reduced to the following steps [40]: 
Physical formulation of the problem. At this stage it is necessary to correctly formulate 

the question of the investigation, taking into account the particularities of the studied object, 
as well as the physical essence of the processes that unfold in this object. In order to ensure 
the correctness of the formulation of the problem it is necessary to study deeply the issue in 
question. 

Mathematical formulation of the problem. Physical problem formulation is executed in 
a mathematical language (mathematical model). So, the physical problem is presented in the 
form of mathematical equations (algebraic, differential, integral, integral-differential or 
equation systems). The mathematical model must correspond to the fundamental laws of the 
studied physical process. 

Mathematical analysis continues. This phase is operated with functions, with physical 
sizes presented in general form. So, we are looking for a solution to the problem presented 
in a general form, which is described by mathematical formulas without introducing concrete 
values of the independent coefficients or variables and the variables sought into this solution. 

Numerical methods. The problem solution is presented as mathematical finite 
operations - addition, multiplication. Numerical methods make it possible to reduce the 
solution of a problem to executing a finite number of arithmetic operations with numerical 
values. The results are obtained as numerical values. 

Algorithmization. Algorithmization serves to simplify actions in the form of an accurate 
description of the process. The algorithm can be described as a diagram (scheme)or described 
in another way. 
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Programming. The algorithm for obtaining the solution is made as a computing 
software in some high-level programming languages. 

Adjusting the computing software. At this stage, a search is made of the errors that 
occurred during the implementation of the previous steps. The software is tested by solving 
the standard problems whose solutions, often analytical, are known and credible. This 
ensures the credibility and reliability of the numeric solutions obtained with this software. In 
case of failure, it is necessary to review the formulation of the investigation problem and the 
steps described above. 

Making calculations. At this stage, the initial data needed to execute the programmed 
calculations are prepared. The calculations are based on a work program, which is elaborated, 
based on the purpose and objectives of the investigation. 

Analysis of numerical results. The analysis of the results is necessary to estimate the 
correctness and veracity of the numerical solution obtained, as well as the subsequent 
refinement of the mathematical model based on these results. 

 

2.4.  Quality criteria of numeric solution 
When using the algorithm to achieve the numerical computation process it is 

necessary to satisfy the requirements for ensuring the accuracy of the numerical solution 
obtained and the convergence of the calculation method. The convergence of discrete 
methods (methods based on the substitution of continuous functions with discrete values for 
fixed points) is defined as the tending of the values of the solution obtained with the 
numerical method of calculation to the values of the original solution of the problem, when 
decreasing the step size of discretization of the numeric grid. 

The problem formulation can be considered correct if the solution is unique and stable 
for any set of initial data that corresponds to the problem under consideration. Incorrect 
formulations will greatly increase errors in the process of numerical computing, which is 
unacceptable. The solution obtained by a numerical method is usually approximate, so it 
contains an error. As sources of errors can be indicated: inappropriate formulation of the 
mathematical problem for the studied phenomenon; initial data error; the error of the method 
used; rounding errors in arithmetic operations and other number operations. The method 
must have a low sensitivity to the initial data errors. For this, small errors in the initial data 
should lead to small errors in the numerical solution. In another case, the instability of the 
calculation process and the inadequate result of the numerical analysis are obtained. 
 The numerical method can be considered correctly selected if its error is several times 
less than the inevitable error, and the error due to rounding, called calculated error, is several 
times smaller than the method error. If there is no fatal error, the method error should be 
somewhat less than the specified inaccuracy. Thus, in order to obtain a solution with the 
required precision, the problem formulation must be correct and the numerical method used 
must be convergent and ensure the stability of the calculation process, and therefore the 
correctness of the respective numerical solution. 
 

2.5.  Characteristic of numerical methods 
Finite difference method. Numerical method for solving differential equations is based 

on the option of replacing derivatives with components presented in the form of differences 
in function values. 

The essence of the method consists in building a computing network (s) on that surface 
or a linear structure formed from discrete portions (which may have different dimensions or 
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lengths). It is select the calculation scheme for finite differences and for each node of the 
network and a difference equation is elaborated (a relationship analogous to the initial 
equation). It is necessary to formulate the limit conditions for the structure of the built-up 
network. This leads to system of linear algebraic equations. 

Solving this system assures us the determination of the approximate values of the 
variables searched in the nodes of the computation network (linear or plane). The difficulty 
in applying the method is determined by the correctness of the computation scheme 
construction in differences to ensure the convergence of the calculation process for the 
solution of the equation system. The construction of the calculation scheme is based on the 
properties of the initial differential operator. 

The finite difference method is robust in examining variable time processes (non-
static). In this case, the iterative calculation method applies. At each iteration we find a 
solution to a new layer of time. To solve such problems, explicit, implicit and predictor-
correction schemes (a pair of explicit and implicitly chosen schemes) are used. Explicit 
schemes and predictor-correction schemes simply recalculate the calculated magnitude 
value using information from the earlier layers of time [11]. Using a default scheme leads to 
the solution of the respective equation (or of a system of equations). For parabolic and 
hyperbolic equations, methods are often used concurrently because the time variable 
derivatives is approximated by the scheme in differences, and the space operator is 
approximated using a finite element formula [41]. 

Finite element method. The finite element method was developed due to the needs of 
the field of construction mechanics and the elasticity theory, including for the purpose of 
using solutions of differential equations (calculation of dam structures). The finite element 
method is currently used for modeling diffusion, thermal conductivity, hydrodynamics, 
mechanics, and electrodynamics [39, 42]. Based on this method, powerful software for 
calculating physical fields, including electromagnetic fields in limited volumes [43], has been 
developed. 
 The essence of the method is to divide the domain into a finite number of subdomains 
(elements). In each element, the approximation function is arbitrarily selected, for example, 
it is a polynomial. În afara elementului, această funcție este zero. At the boundaries of the 
finite elements (nodes) the selected function is considered as a solution to an investigated 
problem, the value of which is not known in advance. The values of coefficients of the 
approximated function are determined by the equation of the values of neighboring functions 
at the boundaries of the finite elements (at the nodes), with the expression of these 
coefficients by the values of the functions in the element nodes. A system of linear algebraic 
equations is compiled. The number of equations is equal to the number of unknown values 
in the nodes looking for the original system solution. Each element is associated with a 
limited number of neighbors and the system of linear algebraic equations has a low aspect. 
This greatly simplifies the process of obtaining of solution of the system of algebraic 
equations. 

Finite volume method. The numerical method is used to integrate equation systems 
with partial-derivative. It is used to calculate physical fields in a limited volume. Processes in 
the selected domain can be generated by fluid, gas, and electromagnetic fields. Macroscopic 
parameters are presented as unknown sizes: speed fields, pressure, electric field and / or 
magnetic field distribution. The fields are described by equations that satisfy mathematically 
formulated laws, eg Maxwell equations [9, 44, 45].  
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It is considered that for any value at any point in the space that is limited by a closed 
volume, at the moment the sum of the physical size in this selected volume can only be 
changed as a result of the following processes: transmission of the quantity of this physical 
quantity through the surface limiting the selected volume (the process is characterized as 
flow) and the generation or annihilation of a quantity of the size that characterizes the 
physical state within the selected and controlled volume (source or leakage). 

If the problem is formulated in terms of the finite volume method, the physical 
interpretation of the studied quantity is used. For example, when solving heat transfer 
problems, the heat conservation law is used in each control volume. 
 

3. Comparative analysis of methods of calculation a transient processes 
The description of the transient processes is done using differential equations. The 

problem of studying the transient processes is reduced in this case to obtaining the solution 
of the equations or the system of differential equations. If the differential equations are of 
order I or order II, it is quite easy to obtain the analytical solution. To this end, knowing the 
initial and limit conditions, it is necessary to calculate the roots of the characteristic equation 
of the differential equation. These calculations can be performed using any of the methods 
previously reviewed. 

Classic method. Method is effective is when the differential equations are of order I or 
order II using the classical method of obtaining the solution of the transient process. 
Increasing the complexity of the topology of the analyzed electric circuit, which as a result is 
described by high-order differential equations (three, four etc.), leads to the situation as it 
becomes increasingly difficult to determine the analytical function of the transient process. 
This results not only in the difficulty of determining the values of the roots of the 
characteristic equation but also in the necessity of determining the integration constants. 

Thus, if the order of the characteristic equation is greater than the fourth, the classical 
method is less suitable for use. As a result of this finding, it becomes obvious the need to use 
the operational method. 

The operational method. The use of the operational method is reasonable for circuits 
that are described by integral-differential equations. In this case, it is simpler to obtain the 
characteristic equation for determining the roots, which are necessary both for estimating the 
stability of the solution of these equations and for obtaining the solution in the time domain 
(the original function). 

The advantage of the operational method lies in the fact that this method does not 
impose the condition on the necessity to determine the integration constants from the initial 
conditions by obtaining the solution of the permanent regime described by a system of 
equations. When calculating the image function values for equivalent schemes whose 
elements are presented by image functions, the whole set of methods of calculating 
permanent modes in the electric circuits can be used. These particularities show the great 
advantage of the operational method in calculating the transient processes in the 
concentrated parameter circuits. This approach can also be used for circuits with distributed 
parameters (long electric lines, windings of high power electric machines in the mode of 
propagation of voltage and current waves generated by the partial discharges or atmospheric 
phenomena) [17, 36]. 

The disadvantages of the operational method include the complexity of calculating 
the terms by the decomposition theorem of the Q (p) / D (p) polynomial ratio. This difficulty 
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arises as a result of the need to take into account the voltage sources outside the circuit. The 
structure of these polynomials depends on the equivalent sources (calculation) the 
electromotive voltage, conditioned by the inertia of the energy storage elements of the 
circuit, i.e. inductivity and capacitors. The values of these electromotive voltages are 
determined from the initial conditions, so it is necessary to know the state of equilibrium of 
the circuit at the moment t0 = 0 of the initiation of the transient process. These components 
are determined as follows, knowing the functions of the images: piL (0) and uC (0) / p. 

When applying the operational method for calculating the free component of the 
transient current, the equivalent scheme is excluded in the components describing the 
electromotive voltage of the external power supplies of the circuit, which leads to the 
simplification of the imaginary functions of current and voltages. In order to determine the 
internal electromotive voltage values, as mentioned above, it is necessary to know the regime 
up to the moment of the circuit switching and the forced-mode parameters after switching. 
These nuances lead to recommendations for the application of the operational method in the 
case of cases when the external electromotive tensions have a simple form of evolution over 
time (DC source, harmonic, exponential form). For these conditions, it is relatively easy to 
calculate the forced component values of circuit currents. 

Frequency method. The calculation of the transient processes using the frequency 
method (Fourier transform) according to the essence and application technique is close to 
the operational method. This method is useful to apply in cases where Fourier transform 
based frequency methods have been applied for the analyzed circuit.   

The method is also effective for approximate calculations of the transient processes 
when the amplitude, frequency and phase characteristics of the input resistance are obtained 
experimentally. In these cases, the Fourier method has advantages over the operational 
method. After the experimental acquisition of the frequency characteristics at the input of 
the circuit or the mutual conductivity and the determination of the frequency spectrum ( )E j

, the frequency spectrum of the current ( )i j can be determined graphically. As a result, the 
frequency characteristics for the real or imaginary component frequency function of the 
current can be built. In these cases, the Fourier integral method has advantages compared to 
the operational method. Based on these data, the transient process can be approximated. 

The Duhamel method. If an arbitrary voltage signal is applied to the circuit terminals 
and this signal can be approximated with an analytical-graph curve, it is reasonable to use 
the Duhamel integration method. Transition conductivity g(t) or transition function h (t) = y 
(t) is determined based on known methods and procedures. The advantage of the Duhamel 
integral method is determined by the possibility of studying the transient processes in the 
linear electric circuits when feeding them from voltage sources with the arbitrary shape of 
the output voltage. 

The state variables method is reasonable to use in investigating work processes in 
power converters made on the basis of electronic power devices. This is due to the nature of 
the operation of these convertors, which, during operation, has circuits with variable 
topology. The processes in these circuits can be described of the differential equations with 
order I and order II for time intervals established by the circuit particularities. These ranges 
are determined by the control system of the converter. 

The stationary wave method allows the values of the overvoltages to be determined 
based on the known discrete spectrum of the circuit's own frequencies and the characteristic 
impedance values for these own frequencies at the respective points of the circuit. From the 
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point of view of the physics of the propagation process, this regime is possible if in the circuit 
are established where waves with the equal amplitudes and frequencies. This mode is 
possible in circuits with distributed parameters. For these reasons, this method can be 
presented as a particular variant of solutions obtained by the method of traveling waves 
(d'Alembert's waves). The stationary wave is the result of overlapping two progressive waves 
of equal amplitudes and frequencies that propagate in opposite directions. In the nodes the 
resulting oscillation amplitude is null. The wavelength of a stationary wave is equal to two 
distances between two adjacent nodes (zeros - zero amplitudes) of the wave values in the 
propagation space examined. 

The d'Alembert wave method is useful for the qualitative analysis of processes in loss-
free circuits (ideal) in order to establish marginal (degraded) regime laws such as idle and 
short-circuiting modes. In this context, this method has a methodological value. In fact, any 
circuit has losses and the direct application of the d'Alembert wave method is followed by 
errors. In this context, it is actuality the problem of elaboration of the methods to calculation 
the traveling wave processes, which take into account the real parameters of these circuits, 
including the phenomena of energy dissipation and dispersion. 

Numerical methods in one way or another uses analytical calculation methods by 
transferring them to the area of approximate solutions. For the calculation of the transient 
processes it is considered as the most attractive - the finite difference method. This method 
can be used to obtain solutions of partial derivative equations (telegraph equations) 
describing processes in long lines with distributed parameters. Applying the finite difference 
method requires knowing the values of the coefficients in the telegraph equations. 
Determination of the values of these coefficients can be done by using the finite element 
method and the finite volume method. In this context, the numerical methods can 
complement each other in solving the problems of calculating the transient processes in the 
non-homogeneous circuits with distributed parameters in which the wave modes are 
manifested, including taking into account the multiple reflections of the waves on the 
inhomogeneities of these circuits. 

 

Conclusions 
The application and use of the methods of calculating the transient and wave 

processes is a non-trivial problem because the realization of the calculations is influenced by 
several factors, including the impact of the selected and applied calculation methodon the 
correctness and veracity of the numerical solution. In order to obtain accurate results it is 
necessary to formulate the question of the study, its mathematical form and the initial and 
limit conditions. 

The problem of calculating non-stationare processes with  non-zero initial condition 
can be reduced at the problem with a zero-initial conditions. The operational method and the 
Fourier integration method are widely used in the theory of automated control and in the 
calculation of transient processes in electric machines, in the calculation of transient 
processes in circuits with distributed  parameters (transmission and distribution lines) in order 
to estimate overvoltages and current shocks. Metoda clasică în toate aceste cazuri aproape 
că nu găsește aplicații. 

Numerical computational methods have a high potential for application as research 
tools of the transient and solution regimes of a wide range of problems in the field of 
electrical network design, protection systems and monitoring power systems and the of 
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operating of the power equipment (rotating electric machines, transformers, electric lines), 
following simplifications through approximations and formalizations of numerical 
calculation procedures. 
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Abstract. The paper presents the relevant topic of improving protection devices for 
asynchronous engines used in agriculture. We have also provided the data of technical and 
technological damage. There have been identified the main causes of asynchronous motor 
failure. You may also find a short list of the main existing protection systems for induction 
motors, the analysis of their shortcomings and prospects for further improvement. We have 
justified the structural scheme of a universal protective device, which consists of the 
following channels: a current overload control channel, a rotor seizure channel and a feed 
line phase failure  monitoring channel.  We have also given a circuit scheme of the proposed 
protective device and the description of the circuit operation in the operational mode as well 
as in various emergency modes. The use of a microcircuit-comparator of the type K554 CA3 
(the operational amplifier) as a threshold element with an adjustable threshold voltage value 
is considered to be an original technical solution. 
 

Keywords: asynchronous motor accident rate, asynchronous motor protection. 
 

 I. Introduction 
 Three-phase short-circuited asynchronous motors of the latest series are considered 
the most reliable electric machines. However, there is a relatively high percentage of their 
failure in agriculture. As a result, agriculture of the Republic of Moldova suffers large losses 
from the electrical equipment that fails to operate. For example, if an electric motor of low 
or medium power fails to work their owners have to pay about 700-1200 lei. Technological 
losses due to the failure of electric motors significantly exceed their price. For instance, the 
failure of at least one of the elements of electrical equipment in the production milking and 
primary milk processing lines at a farm for 200 heads leads to production damage, estimated 
at almost 7000 lei, which is much higher than the cost of the failed device. 
 A similar situation may be found at CIS livestock farms. Studies conducted at the All-
Union Institute on Electrification of Agriculture (AVIESH) showed that the damage from one 
electric motor in Russian agriculture of Russia is approximately 2500-3500 rubles. 
 Having analyzed the research results, we can conclude [1]  that about 15-19% of all 
electric engines installed in households are repaired annually in Moldova. The studies 
conducted in other countries with developed animal husbandry (Estonia, Latvia, Ukraine and 
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the USA) [2], have found out that up to 12.5-15.0% of all electric motors were repaired in 
some months of the year, which is significantly more than the number of new electric engines, 
purchased by households. 
       As numerous studies have shown, one of the main reasons is insufficient reliability 
protection of electric motors from emergency modes. The consequence of this situation is the 
low operational reliability of electric motors in agriculture - on average their service life does 
not exceed 4.0-5.0 years, only 3.0-4.0 years in animal husbandry with a total operating time 
of 1500-2500 hours. 
       Thus, every year a huge number of failed electric motors should be  repaired in 
agriculture, which requires many scarce materials, electricity and expensive working time. 
Therefore, the problem of improving operational reliability of electric engines in agriculture 
should be solved by improving their protection, as it is the problem of great national 
economic importance. 
  
 II. Materials and methods 

Currently, both in the Republic of Moldova and abroad [3, 4] the main protection means 
of induction motors is various thermal relays with bimetallic elements. It is well-known that 
these thermal relays have a number of disadvantages.  

First, these devices function indirectly, they react to the temperature of the thermal 
relay, and not to the amount of current in phases, that is, they indirectly model the heating 
process. Meanwhile, heating processes of the engine and the thermal relay differ 
significantly, and a large current does not always mean a high winding temperature [5]. 

Secondly, the thermal relay has a wide range of characteristics. As a result, they do not 
often work in case of overloads within 20-50% of the nominal power. S. Valobueva, Yu. 
Zaitseva and A. Musin [6,7,8,9] showed that only 67% of thermal relays shut off the electric 
motor at load currents 20% higher than the nominal, and only 21% of thermal relays protect 
electric motors from the phase failure. 
Thirdly, according to S. Kostruby [10] in the conditions of livestock farms, when a touch 
voltage or a step voltage of more than 24V appears, the protection device should react within 
5  10 seconds. This condition is ignored by non-thermal relays of the TRN type, three-pole 
thermal relays with improved characteristics and accelerated operation in the case of a non-
full-phase mode such as PTT and TRL. Moreover, thermal relays require special adjustment 
both before installation and during operation. 
In the Republic of Moldova and abroad the same protection is used against emergency 
overloads of the UBTP type (universal built-in temperature protection [11,12,13].  It reacts 
depending on the temperature of the motor winding. The introduction of UBTP made it 
possible to reduce the level of accidents of electric motors during overloads. However, a 
number of shortcomings due to the protection design itself did not allow it to be massively 
introduced into practice. The main shortcoming is thermal inertia of posistors [9]. There are 
some other disadvantages of the UVTZ mentioned in the technical literature, such as: low 
sensitivity to short-circuit currents and the difficulty of mounting measuring transducers 
(especially when electric motors are being repaired. 
        Phase failure of the supply line is often met in agriculture. This is due to an insufficiently 
high reliability level of agricultural power supply. The specified abnormal conditions may 
also occur in case of the burnout of one or several fuse-links in the power distribution device.  
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Thermal overload protection schemes considered above [14,15] also ensure protection 
against work on two phases. However, the reliability of thermal protection actuation depends 
on the amount of overload on the motor shaft and is insufficient when electric motors are 
loaded less than 50% of the nominal power. 

At the Department of Electrical Engineering of the Latvian Agricultural Academy there 
was developed a motor protection device of the PhSP type (phase-sensitive protection 
devices [16]. under the guidance of Professor A. Grundulis. This device is designed to protect 
against phase failure and controls the phase angle between load currents, varying with a 
value of 120 0 in the symmetrical mode up to 180 0 (or 00) in case of phase failure. The device 
has been widely used in agriculture in Latvia. However, despite the relative simplicity of the 
scheme and the ease of operation, the device has a number of drawbacks: 

1. The device sometimes starts working because inrush currents. 
2. The device is insensitive to small technological overload (up to 50%). 
3. The device does not respond to the overload duration and is triggered instantly. 
4. The device weighs a lot and is voluminous. 
5. A separate unit is designed for a small range of engine power. Therefore, it is necessary 

to have several dimensions of the protective device. 
These drawbacks were partially eliminated in further modifications of the PhSP-U and PhSP-
M devices. 
The studies conducted at a number of livestock farms of the Republic of Moldova [1], as well 
as the analysis of the results of similar studies carried out in some other countries with 
developed animal husbandry, allow us to draw some conclusions: 
 Only a limited number of three-phase asynchronous motors is massively used in animal 

husbandry in the Republic of Moldova .These are electric motors of the AO2 and 4A series, 
both of general industrial and special performance, of low and medium power (0.18 kW – 
11.0 kW). 
 It has been established that about 70% of failures of asynchronous engines operating 

in agricultural production make up such emergency modes as overload, rotor seizures and 
phase failure of the supply line. 
 Current protection schemes for electric motors against overload and phase failure are 

ineffective due to a number of inherent shortcomings. 
 About 70-80% of all failures in the operation of low-voltage asynchronous electric 

motors can be prevented by using reliable protection and 30-20% - by improving the quality 
of service. 

Therefore, nowadays the development and implementation of simple reliable and 
highly effective protection is the only way to significantly reduce the accident percentage of 
electric motors used in agricultural production [17,18,19,20]. At the same time, protection 
devices that are being developed should be oriented to asynchronous three-phase engines of 
mass use, i.e. with a capacity from 0.18 kW to 11.0 kW and be universal (protect the engine 
from overload, phase failure and rotor seizures). 

  
 III. Results and discussions 
 The proposed protection device is universal and protects the motor from the most 
common emergency conditions, such as overload, rotor seizures and phase failure. Thus, the 
block diagram of the device contains a number of necessary structural blocks. They are the 
following:  
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 Primary converters (alarm sensors). 
 Threshold elements (which are necessary to detune from possible signals of 
current sensors that are not emergency). 
 Elements of time delay (which are necessary to detune from inrush currents and 
small or short-term overloads). 
 Elements to compare signals from primary converters and reference signals to 
obtain a logical conclusion that the signal is an alarm. 
 Power supply electronic elements of the protection circuit. 
 The actuator for switching the power circuit of the motor. 

 Figure 1 shows the 
structural scheme of the 
given protection device, 
which consists of these 
structural elements. The 
structural scheme consists of 
two channels: a current 
overload control channel and 
a phase failure control 
channel [21,22].The current 
overload control channel of 
the motor consists of a 
current sensor (CS), the first 
threshold element (THR1), 
the time delay element (TD), 
the second threshold element 
(THR2) and the actuator of 
the power circuit (KM). The phase failure control channel includes: a phase failure sensor 
(PhFS), a threshold element (ThR2) and a power circuit actuator (KM). The power supply of 
electronic circuit elements is common for both channels. 
 

 Functioning of the scheme in the current overload control mode. 
Motor overload is monitored  by the primary current converter. The reconstructed 

current sensor from the station of the submersible pump control 5801-0362Г-У2 is used as 
the primary converter. The primary converter is successively connected to the stator phase 
circuit of the motor and provides the output voltage, the value of which is directly 
proportional to the load current of the motor. CS voltage is transmitted to the rectifier 
element and further to the threshold element THR1. When a voltage on one of the THR1 
elements is greater than or equal to the specified (reference voltage), THR1 opens and passes 
the signal to the time delay element TD. The TD element provides a time delay, the 
magnitude of which is inversely proportional to the signal magnitude.  When the signal on 
the explosive element reaches the equal opening voltage the threshold element THR3 opens 
and passes a signal to the actuator of the power circuit KM that disconnects the engine from 
the network. 
In case of short overload, the signal from THR1 to TD stops before its value reaches the 
voltage level at which the third threshold element THR3 opens and the motor does not turn 
off. 
 

 
Figure 1.The block scheme of the protection device. 
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Functioning of the scheme in the phase failure control mode 
 The phase failure control of the electric  motor is carried out by the primary converter 
PhFS, which uses the voltage system “motor zero - network zero” [24]. The circuit scheme 
functions similarly to the circuit scheme in the overload control mode with the only difference 
that the emergency mode signal arrives at the threshold element THR2 not from the CS 
current sensor, but from the PhFS phase failure sensor and further without using the time 
delay element (TD) to the actuator of the power circuit KM. 
 Figure 2 presents the electrical circuit of the given protection device. A comparator 
chip of the K554 CA3 type (operational amplifier) has been selected as the threshold element 
in the protection device. This element has a number of significant advantages compared with 
other analogues of threshold elements (for example, when used a dynistor analog or a 
threshold element based on a single junction transistor). A comparator is a microcircuit that 
implements the logical function of comparing two voltages applied to two inputs: direct and 
inverting. 
  Having a large gain, the microcircuit has a very high sensitivity, which ensures the 
operation of the microcircuit when the difference between voltage levels on both inputs is 
only a few dozens of millivolts. A standard DC power supply with a voltage of 5 to 12 volts 
can be used to power the comparator. 

 
 Moreover, the comparator has significant speed, which allows it to work with any digital 
integrated circuits (in particular, the logic elements of the K155 series). A feedback resistor 
(FR) is a mandatory element of the comparator circuit in this case. The resistor is used to 
create a feedback circuit in order to obtain steeper rise and fall edges of input pulses. The 
comparator can be used according to the two functioning schemes.  

 
Figure 2. The electrical circuit scheme of the protection device. 
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 In the first version the direct input No. 3 is supplied with a reference voltage Urv, 
which determines the threshold of the comparator operation, which is regulated by a 
potentiometer Preg. The voltage of the input signal Us is applied to the inverting input. This 
voltage is compared to the reference voltage Urv at the input. If Us < Urv, then the comparator 
is locked and the voltage at its output is maximum at its output (that is, it is equal to the 
supply voltage). This case corresponds to the appearance of a logical unit at the comparator 
output. If Us ≥ Urv, then the comparator is open and the voltage is minimal at its output (just 
a few millivolts). This case corresponds to the appearance of a logical zero at the comparator 
output. When the voltage of the signal Us < Urv decreases, the comparator closes again. 
In the second version, the reference voltage Urv is applied to the inverting input and the 
voltage of the input signal Us is applied to the direct input. In this case, the comparator works 
is inverse to its work in the first version. 
 Thus, the threshold element based on the comparator can implement the circuit 
operation, when the output of the threshold element can be either logical 0 or logical 1, 
which allows you to create different versions of the scheme.  
 A comparator-based threshold element provides communication with other logic 
elements (for example, microcircuits of the K155 series) without additional devices for 
matching, which greatly simplifies the circuit. Moreover, the input current of the comparator 
does not exceed 2 μA. This is five thousand times lower than the input current of the 
threshold element constructed using a thyristor and a zener diode (such a circuit scheme is 
used in the protection device of the FUZ-M type).  One should also take into account that the 
comparator has a significant temperature stabilization of the chip constituent elements. The 
threshold element circuit lacks such advantages, which is used on a single junction transistor 
in the protection device FUS-U.    
 

Functioning of the protection device in the normal mode. 
In the normal mode with a load of nominal currents, which flow through the power cable 
supplying the electric motor, a current flow through the primary winding of the CS current 
sensor (Fig.2), creating a voltage in the secondary CS winding, which is applied to the 
potentiometer R2, the rectifier bridge VD2 and the smoothing capacitor C2. Next, the rectified 
and smoothed voltage is applied to a voltage divider consisting of the resistances R4 and R6 
and simultaneously to the transistor VT1. The potentiometer R2 on the direct input (No.3) of 
the comparator DA1 sets the voltage below the threshold value set on the inverse input (No.4) 
of the same comparator. Adjusting potentiometers R3, R11 and R16 previously set the 
reference (threshold) voltage applied to the inverse inputs (No.4) of the comparators DA1, 
DA2 and DA3. The magnitude of these voltages is specified in the table of protection device 
settings. Thus, a voltage lower than the voltage of the threshold value is applied to the 
inverting input DA1, which will be used in the direct input DA1. In this case DA1 is locked 
and the current flowing through its output (No. 9) and resistances R7 and R 8 will be zero. No 
current in voltage dividers R7 and R8 results in the locked transistor VT1, since the firing 
voltage removed from R7 is also zero. When VT1 is locked, the voltage on the capacitor C3 is 
zero, since it is discharged through resistors R9 and R10. The voltage supplied from C3 to the 
direct input of the comparator DA3 equals zero too. In this case DA3 is locked and the current 
flowing through its output will be zero. When voltage is applied to the power supply of the 
protection device, resistor R18 and the LED of the optocoupler VU1 will have enough current 
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to open the photosimistor VU1. Open photosimistor VU1 closes the power supply circuit of 
the KM magnetic starter coil and the engine starts. 
 

The protection device in the current overload mode. 
In case of an overload, the voltage from primary converter DT through rectifier VD2 will be 
applied to the direct input of threshold element DA1. So, the applied voltage will be higher 
than the voltage of the threshold value applied to the inverting input of comparator DA1 .In 
this situation DA1 is open and the current will flow through its output and resistances R7 and 
R8. If voltage appears on divider R4, R6 voltage will be above the breakdown of the voltage 
regulator diode KC2. The latter breaks through and the voltage is not higher than the value 
applied to the divider, which will protect the circuit from dangerous overvoltage. In case of 
current in voltage dividers R7 and R8, the firing voltage taken from R7, which is higher than 
required to open the transistor will be applied to the base of transistor VT1. When VT1 is 
unlocked through transistor and resistor R10 will flow the charge current of capacitor C3. 
When the capacitor reaches a voltage equal to or greater than the threshold voltage set at 
inverse input DA3, the latter opens and shunts the LED of opto-coupler VU1. In this case, the 
current through the LED will be equal to zero, the photosimistor will close and break the coil 
circuit of magnetic actuator MP. So, the engine is disconnected from the mains. When current 
overload reaches 50% or more, there appears a voltage on capacitor C3 that is higher than 
the breakdown voltage of the Zener diode KS3. The Zener diode breaks through and capacitor 
C3 will be charged additionally through resistance R22, which will significantly speed up the 
charging time and shorten the time delay. 
 

Functioning of the protection device in the mode of the supply line phase failure. 
In the rated load mode with rated currents, in case of a phase failure, an overvoltage from 
PhFS primary converter through VD1 rectifier will  be applied to voltage divider R12, R 13. In 
this case, the voltage taken from R13 above the threshold value set on inverting input DA2 
will be applied to the direct input of comparator DA2. DA2 comparator opens and the open 
output shunts the LED of optocoupler VU1. The current through the LED stops, photosimistor 
VU1 locks and breaks the coil circuit of the magnetic starter KM. In this case, the engine is 
disconnected from the mains. Disconnection of the engine will occur without time delay since 
such a mode is very dangerous and instantaneous disconnection of the engine from the mains 
supply is required. If a phase failure occurs on divider R12, R13, the voltage above 30.0 (V) 
appears, Zener diode KC1 breaks through and the voltage on the divider is not higher than 
this value, which will protect the circuit from dangerous overvoltage. 
 

Conclusions 
1. In the proposed circuit scheme of the protection device, there has been chosen the current 

method of monitoring the degree of motor load using the current sensor as the simplest 
and at the same time sufficiently effective. Taking into account the fact that the load of a 
three-phase asynchronous motor is the same for each phase of the motor, the control of 
the magnitude of the current overload can be carried out only in one phase, i.e. one current 
sensor.   

2. The given protection device is universal, i.e. can be installed on any motor power from 
0.55 kW to 11.0 kW. The device protects the engine directly from the three most likely 
emergency modes: overload (with inverse time delay), phase failure and rotor seizures. 
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3. The developed universal protection device UZU-1 is based on AS No. 1410175, AC No. 
807435 and AC No. 877691. The device in its overall dimensions is made so that it can be 
installed inside the factory magnetic actuators instead of thermal relays. The device passed 
production tests and was introduced at a number of enterprises of the Republic of Moldova 
and the Russian Federation. 
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Abstract. The aim of the research is to analyze modern services used for online selection of 
clothes of the desired size, and to determine the effective ways of their implementation. A 
comparative analysis of functional  services on virtual fitting of clothes on the electronic 
mannequin has been carried out, and the systematization of various methods of realization 
of virtual fitting of clothes has been performed in order to provide an assessment of quality 
of the finished products, namely, to predict the size of clothes, to form the recommendations 
on the feeling of comfort clothes, and to provide the assessment of anthropometric 
conformity with the accordance of the form of clothes design and the consideration of 
anthropometric characteristics of the human body. The main components that influence the 
quality of formation of assessment of anthropometric conformity have been determined. 
 

Keywords:  3D technology, electronic mannequin, online fitting room, visualization of clothes. 
 

 Introduction 
 The last few decades are characterized by an active spike in the development of 
information and computer technologies, which are in high demand in various fields and are 
not only a tool for creation, but also a subject of new knowledge. Today, there are a number 
of computer programs, developed to design the clothes, which improve the level of efficiency 
and speed of the garment industry. Rapid pace of life forms new requirements for computer 
programs, developed to design the clothes, therefore, there is a need to update and to 
improve existing technologies, which leads to the emergence of innovative competitive 
projects and startups.  
 It is well-known that success and profitability of any enterprise depend on the speed 
of production processes along with the minimization of the use of raw materials. In the 
garment industry, special attention is paid to the three-dimensional designing of clothes, 
since the achievements of modern 3D technologies have changed even the way of clothes 
production. Modern computer technologies make it possible to develop the models and the 
collections of clothes very quickly, as well as to create complete systems of analysis of the 
quality of their production. The development and the improvement of clothes visualization 
in three-dimensional space is an actual and priority direction of scientific researches, aimed 
to solve the problem of virtual fitting of clothes size for the consumer and to accord the form 

mailto:kalina.pashkevich@gmail.com


 K. Pashkevych, M. Lavrenko, O. Gerasymenko 67 

Journal of Engineering Science  June, 2019, Vol. XXVI (2) 

of clothes with anthropometric characteristics of the human body, considering the ergonomic 
requirements.  
 

 Analysis of the recent researches and publications 
 Many specialists in scientific and industrial spheres of the fashion industry carry out 
the researches in the field of virtual visualization of clothes on the figure. It is expected that 
three-dimensional designing will increase the demand for individual clothes production due 
to the possibility of creation of its own virtual mannequin. The method of construction of 
electronic mannequin and clothing for virtual fitting is well-known, according to which the 
design of 3D objects takes place on the basis of determination of dimensional parameters by 
analysis of the contour of a human body or its clothes in photographs [1]. In order to design 
electronic mannequin of the human figure, this document [2] addresses a method for 
collection of anthropometric data of the human body using the three-dimensional scanning 
and generation of a parametric three-dimensional pattern of the human body, which 
corresponds to its parameters. 
 Using the advantages of 3D technologies, namely, the visualization of clothes of 
different assortment ranges on an electronic mannequin, it is possible to accumulate 
databases of 3D mannequins and models of clothing, as well as to determine the optimal 
values for adjusting the basic designs of clothes, taking into account the properties of the 
materials [3]. Fitting of clothes is an important factor in the concept of visual fitting in order 
to meet the consumers` need in comfortable clothes, therefore, the researches on the 
development of recommendations for the formation of different volume and silhouette forms 
of sewing products, taking into account the properties of fabrics, are still relevant. The author, 
MengNa Guo, in his thesis [4] conducts studies on improving the comfort of clothes, defines 
indicators that form a sense of comfort clothes, and analyzes a number of tactile sensations 
of comfort clothes in accordance with physical and mechanical properties of textile materials. 
 Recently, more and more attention is paid to the level of dynamic matching of a 
product to the person`s figure. Such kind of analysis may be useful in providing advice to 
consumers as to the assessment of the product quality for online sales. The authors in their 
work [5] propose contactless method of measuring the product pressure in different positions 
along with the use of a three-dimensional deformation grid, drawn on the clothes. The degree 
of the clothes pressure on the human body is determined by the way of analysis of 
deformation of the circular gratings and information about the flection on the surface of the 
garment. The scientists [6] propose a method for recognizing the design of the clothes and 
the human figure for virtual fitting, using an image-based tracking method, based on optical 
flow that allows the users to see themselves in the selected clothes in real time. The authors 
have optimized the system of human figure tracking modules by adjusting the indicators, 
which now speeds up the display of the figure on the computer screen in different poses. 
 The authors in their work [7] use a statistical method to study the changes in the shape 
of the clothes of various assortments and the human figure. They are proposed a system for 
virtual fitting that performs a comparative analysis of the values of air gaps between a real 
assessment of the human body and a virtual model. The scientists [8] have conducted a study 
of air gaps in women`s shoulder clothes of the costume group, in which the connection 
between the properties of fabrics and the volume and silhouette shape of the product has 
been determined. Also the recommendations for taking into account the properties of fabrics 
in order to predict the size of the clothes in virtual fitting have been proposed. 
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 The work of the authors [9] presents the analysis of the most well-known companies, 
engaged in the development of virtual fitting rooms (Creazione (Italy), Browzwear 
(Singapore), IDesigner (Korea), Lectra Systems (France), Dressformer (Russia)). The analysis 
showed a high level of reality of the proposed 3D models of products, but there are some 
inaccuracies in the technology of determination of the conformity of a three-dimensional 
visual prototype with a real product, taking into account the properties of the fabric and 
individual anthropometric features. The team of Astrafit (Ukraine) [10] has conducted an 
analytical analysis of economic indicators of online stores as to the use of virtual fitting 
rooms, and has determined that 70% of returns of clothes are caused by improperly selected 
size of the clothes, which results in the decrease in purchases via the Internet. The solution 
to the problem of virtual determination of the necessary size of clothes will increase the store 
confidence, as well as the volume of its sales. 
 

 Statement of the problem 
 The conducted analysis shows the activity of the researches on visualization of clothes 
in three-dimensional space, as well as the presence of various methods for assessing the 
visualization of the product in online mode, which differ in type of production, volume, 
equipment with technical means, input information and method of its processing. The use of 
virtual fitting room has several benefits for company management, and also affects the 
attraction of new customers. However, existing electronic mannequins have not yet been 
fully refined, since the human body has a complex geometry, and existing information does 
not take into account the features of the figures of different types and is not enough for 
commercial use. In addition, when using the service for virtual fitting of clothes, the consumer 
faces with the complexity of process of input the values of the main anthropometric 
parameters and the features of its own figure, therefore, the aim of the article is to analyze 
the existing services and to determine the effective ways to improve the programs for virtual 
fitting of clothes. 
 

 Results and discussion 
 The last years are characterized by rapid and effective growth of online trade of 
different types of products. Shopping through the Internet is becoming a popular 
phenomenon. The developers are trying to be as effective as possible and offer new services 
to the users. One of such new services is the service of online fitting of clothes of necessary 
size – Virtual Fitting Room. The essence of such new service is to evaluate anthropometric 
conformity of products to the parameters of human figure, taking into account ergonomic 
requirements. The principle of work of such systems of fitting is as follows: measuring of 
anthropometric data or scanning (photographing) human figure; construction of electronic 
mannequin; creation of “three-dimensional” clothes; wearing of three-dimensional clothes 
on a three-dimensional mannequin. Mannequin is the main part of the technology of three-
dimensional designing of clothes and the main tool for visual assessment of clothes. In order 
to obtain such a mannequin, the anthropometric information, which gives an idea about 
proportions, shape and dimensions of the human body, is required. Electronic mannequins 
are offered by various developers, namely: Optitex (Israel) – Runway Designer module, Gerber 
(USA) – AccuMark 3D module, Lectra Systems (France) – Modaris 3D Fit module, JULIVI 
(Ukraine) – JULIVI CLO3D module, ASSYST (Germany) – Vidya module, DressingSim (Japan) – 
LookStailorX module, and so on. 
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 In garment industry, the process of designing the clothes depends on the skills and 
experience of the specialist. Upon completion of the clothes design, drawings of details of 
the clothes are being developed. Typically, this process is implemented in 2D using CAD 
software. New technologies of three-dimensional design provide an opportunity to get a copy 
of human figure and clothes on the monitor screen, to visualize their harmonious combination 
with further development of product templates. Let`s consider the main CAD capabilities, 
which include 3D module, using the following criteria: scanning of the figure and selection 
of electronic mannequin; wearing of developed templates on a three-dimensional 
mannequin; selection of physical and mechanical properties; assessment of virtual product 
fitting; and the ability to animate the model. 
 Scanning of the figure and selection of electronic mannequin is an exact duplication 
of the human figure by means of special devices with further reflection in the virtual space. 
Anthropometric data is presented in the form of a detailed set of dimensional features, along 
with scanned human figures. The quality of the scanned image depends on the software and 
number of cameras, which results in flattening of visualization of the scanned human body. 
Research and collection of data on dimensional features of women`s, men`s and children`s 
figures are carried in many countries of the world using various equipment for three-
dimensional scanning, namely: infrared, laser, optical and radio wave scanners. The 
companies that study the human figures by scanning are: Alvanon (USA), Telmat Industrie 
(France), Human Solutions (Germany), Konica Minolta VIVID 910 (USA), and so on. 
 Wearing of developed templates on a three-dimensional mannequin is the method of 
simplified modeling, in which the templates are placed around the virtual figure and 
connected in a certain sequence, given by a specialist. Virtual dressing accelerates the process 
of production of the clothes, replacing the production of a sample model and, if necessary, 
the adjustments on the mannequin. Such an opportunity is provided by CAD Gerber (USA), 
JULIVI (Ukraine), Optitex (Israel), Lectra Systems (Spain), IDesigner (Korea), and others.  
 Also there is a different approach to solving the problems of three-dimensional design 
– the development of virtual prototype of clothes design in three-dimensional space with its 
further deployment on the flat. Such approach is offered by DressingSim (Korea), Tukatech 
(USA), and other programs. 
 The purpose of physical and mechanical properties of the materials – the process of 
determination of physical and mechanical properties of the material, aimed to achieve 
maximum reality of dressed models of clothes, is offered by JULIVI (Ukraine), Optitex (Israel). 
The modeling of fabric is an important step in the process of design and visualization, since 
the complexity of forms, draperies and plaits forms the imagination and perception of the 
model on the figure.  
 Assessment of the quality of virtual product fitting is an analysis of dimensions of the 
structural components, the location of the dividing lines, additions, and the interaction of the 
fabric with the surface of the mannequin. In such a way, the additions for free fitting are 
determined, the balance of the product, as well as the directions of the main dividing lines, 
are estimated, and also the areas with the greatest pressure of clothing on the body are 
determined, etc. Such an opportunity is offered by Gerber (USA), JULIVI (Ukraine), Optitex 
(Israel), and IDesigner (Korea). 
 Formation of the design and assessment of the appearance of a clothing model means 
the ability to apply decorative elements, to select color range and texture of the materials. 
Using the software, it is possible to match texture and pattern on fabric, furniture, to edit the 
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length of the product in order to assess the proportion of the model, etc. It is possible to 
visualize any pattern of the fabric or decorative element of the product in 3D, considering the 
properties of the materials (Optitex, Israel), to calculate the places and shape of the structural 
and decorative elements of clothes, taking into account the backing and glue pads (CAD 
JULIVI, Ukraine) [11]. 
 The ability to animate the virtual model means a movement of electronic mannequin 
in the virtual space. Interactive abilities allow accessing the movements and visualizing the 
clothes in dynamics. The best results are demonstrated by Optitex, Israel. 
 The conducted analysis has shown that today some modern programs implement the 
process of three-dimensional designing of clothes with further deployment and obtainment 
of patterns, however, most of modern systems offer virtual fitting for visual assessment of 
fitting and appearance. Also not all CAD have the animation function, which demonstrates 
the incompleteness of information base and the need for the researches in this direction. 
 The technology of three-dimensional design of the human body surface and the 
assortment of clothes has become an industrial instrument for measuring and comparing 
three-dimensional objects at different stages of production. Virtual dressing system is 
becoming a real invention not only for garment industry, but also for retailers. It is an 
important stage in creation of technological services, which form the structure of online sales. 
Consumers, who buy clothes today, base their purchasing and size decisions mainly on 2D 
photos and dimension tables. However, the inconsistency in the size of clothes in online 
shops, and the different size charts around the world complicate the process of size 
determination that results in the improperly purchasing of goods.  
 Online shops understand the value of virtual fitting, introduce the function of choosing 
the size of clothes on their sites. Nowadays, there are programs that have been created as a 
separate narrow-spectrum software product for fitting of clothes on the figure for online sales 
or for creation of electronic mannequin of the figure by scanning. The programs that offer the 
service of virtual fitting of clothes are Astrafit (Ukraine), Looklet (Sweden), Metail (UK), 3D-A-
PORTER (UK), Body Labs (UK), Dressformer (Russia), 3D-Look (Ukraine), Clothes Horse (UK), 
Fitnect (Hungary), Sizolution (Russia), Fit Analytics (Germany), and others. A lot of programs 
offer contactless methods for studying the human body surface in order to create 3D 
consumer mannequin (body scanners, cameras and other gadgets); a small number of 
companies use a standard measuring tape. There are considered in more details the 
possibilities of the next programs for virtual fitting of clothes: Metail (UK), Looklet (Sweden), 
Fitnect (Hungary), True Fit (USA), Virtusize (Sweden), 3D LOOK (Ukraine), Sizolution (Russia), 
Astrafit (Ukraine). 
 Metail (UK) [12] – the program offers the visualization of clothes on a parametric 3D 
mannequin, which is set by the main parameters of the user: height, weight, chest girt, hip 
shape and leg length. The proposed mannequin is a realistic copy of the human figure. The 
user has the possibility to look through the 3D models of figures (avatars) in real time and to 
select the model, which is the most similar to his own figure. During the virtual fitting the 
clothes are visualized, considering the behavior of the fabric; it is possible to turn the 
mannequin and to see the clothes from all sides. The result of the fitting is the selection of 
the most suitable size and model, however, it should be noted that it is impossible to make 
a virtual fitting of the clothes of sizes, which differ from the recommended one. 
 Looklet (Sweden) [13] – service on creation of virtual image and formation of personal 
virtual studio with functions and possibilities for clothes visualization and creation of 
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personal image. Selection of 3D model takes place interactively, taking into account the 
simulation of fabric behavior in clothes in particular position. In addition, there is a possibility 
to look through and to select color of hair, makeup and accessories. Technology allows 
photographing clothes without necessary preliminary preparation for a photo shoot. 
Visualization takes place as a result of formed database of women`s, men`s and children`s 
scanned figures in different projections, properties and structures of fabrics. At the final stage, 
the software combines all the elements of the image, simulating the virtual fitting. 
 Fitnect (Hungary) [14] – a service for visualization of clothes in virtual reality. The 
proposed software perceives the user`s figure and imposes a three-dimensional model of 
clothes over it, taking into account the dynamic behavior of fabric. The result of the system`s 
work is the visualization of clothes on a virtual copy of the consumer`s body in real time, the 
creation of personal image and the assessment of quality of clothes fitting from different 
angles. Technology allows the user to make photos of his personal image in different sets of 
clothes. 
 True Fit (USA) [15] – the program solves the question of virtual fitting by collecting 
information about fashion trends, styles of clothes, fabrics etc. of many well-known brands 
of clothes (Macy's, Uniqlo, Nordstrom, Levi's etc.) and individual data on the figures and 
preferences of many consumers. The formation of 3D mannequin is based on the users` 
information – in particular, about height, weight and age, and the dressing of the product is 
based on the selected size and brand of clothes. The result of fitting is the determination of 
desired size of the selected model of clothes. The same principle of virtual fitting is realized 
in the online shop of the famous brand of clothes H&M. 
 Virtusize (Sweden) [16] – a service for virtual selection of the required size of clothes, 
based on the measurements of personal clothes of users and their preferences (figure 1). 

 

 
Figure 1. An example of clothing measures for virtual fitting with the use of the Virtusize 

service. 
 

 
 3D LOOK (Ukraine) [17] – a program that offers visualization of clothes on 3D 
mannequin that is made on photos in two projections, which are loaded by the consumer. 
The method of taking pictures is described in the service manual, but it is difficult for ordinary 
consumer. The optical technology, statistical simulation and algorithms of three-dimensional 
designing, aimed to form electronic mannequin, based on determination of the main 
anthropometric points, are used. The result of fitting is an electronic mannequin, which shows 
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the size of the chosen model. The analysis of the program reveals the presence of errors in 
the main anthropometric parameters during the construction of electronic mannequin, and, 
as a result – inaccurate prediction of the degree of anthropometric matching of clothes. 
 Sizolution (Russia) [18] – a service that allows predicting the size and fitting of 
clothes. The technology of the service offers 2D image of the user`s figure, which is formed 
by introducing the anthropometric parameters: height, chest girth, waist, hip circumference 
and additional information about the user`s figure, namely, the type of the figure and weight 
(figure 2, a). The software allows the user to make 3D mannequin using the photos, which 
can be imported into the program. The result of the virtual fitting is the projected size of the 
model with the reflection of the degree of fitting on the main parts of the body (figure 2, b). 

 

 
 

a) b) 
Figure 2. The result of the virtual fitting with the use of the Sizolution service. 
 

 Astrafit (Ukraine) [10] – virtual fitting of clothes is offered on a flat image of the user`s 
figure, made on the basis of anthropometric parameters of the human body: height, chest 
girth, waist, hip circumference, which are the initial parameters for fitting. The algorithms 
have been developed and the research on matching of clothes on real figures has been carried 
out; the new approach to the determination of assessment and recommendations for the 
comfort of clothes has been introduced. The process of fitting and displaying of the result is 
fast, during which the user can navigate to all sizes of model and compare the results 
according to size range, determining the quality of fitting and anthropometric matching based 
on digital data and additional information. The result is achieved by assessing the fitting of 
clothes on the basis of studying the air gaps between the body and clothes. The zones of the 
biggest contact of clothes on the main parts of the human body are determined. As a result 
of virtual fitting, the selected model is compared in accordance with 10-point scale for all 
sizes, and the maximum number of points gets the size that meets the set requirements most 
of all. The length of the product on the mannequin is formed by the actual measurements of 
the product, taking into account the elasticity of the fabric on an individual figure (figure 3). 
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Figure 3. The result of the virtual fitting with the use of the Astrafit service. 

 

 New technologies of Astrafit allow the owners to improve online trading and to 
compete in a fast growing market with proven and developed possibilities, aimed to satisfy 
the consumer`s preferences. A number of functions and capabilities are proposed, focused on 
determination of the quality of fitting by the way of virtual fitting of clothes on the user`s 
electronic mannequin, on predicting the size of clothes, on formation of recommendations 
regarding the comfort of clothes, on collection of anthropometric data for construction of 2D 
mannequin, on possibility of obtaining basic linear parameters of clothes, as well as on 
presentation of information about the product, taking into account the elasticity of the fabric. 
 The analysis has shown that some online sites that propose clothes offer a table of 
measurements for a particular product, but such information is not the same for different 
models, that is, the developers of websites determine the criteria of parameters importance 
for a particular product at their own discretion [19]. The quality of virtual visualization of the 
clothes design is an important prerequisite for solving the sample tasks. It is determined that, 
in most services, the photos in several projections are the basis for the construction of three-
dimensional model of clothes. Such photos are taken on the appropriate photographic plate 
that has a graphic marking and a coordinate grid, with the help of which the received image 
is recognized. Next, the contour lines of the product are marked for further analysis of the 
shape and parameters of the clothes. Such a technology has led to the creation of a marketing 
innovative virtual application – “Additional reality” [20], which “enlivens” the objects, 
including clothes, by superposing additional information in the form of images, videos, texts, 
moving 3D objects, structure of the fabric, etc. on the real objects. 
 Also, the next-generation advanced technologies in the field of 3D design offer virtual 
smart mirrors (Oak Labs company), which allow the customers to visualize clothes on their 
own figure, looking in the mirror. The program provides the possibility of virtual fitting of 
clothes of different sizes and colors, and also recommends other models of clothes for fitting 
and purchasing. 
 The conducted analysis of the technologies for visualization of clothes in three-
dimensional space has demonstrated the activity of researches in this area, as the number of 
services is increasing. Virtual fitting rooms can be divided into flat (2D) and volume (3D) 
fitting rooms in accordance with the criterion of visual display. They differ in the content of 
the base data of consumers` figures and clothes. So there is a need to improve the existing 
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programs for fitting of clothes in order to predict the size of the clothes realistically and to 
accord the form of clothes model with anthropometric characteristics of the human body, 
considering the ergonomic requirements. 

 

 Conclusions 
 Different variants of virtual clothes fitting rooms have been analyzed, and the main 
components that influence the quality of assessing the anthropometric conformity of clothes 
have been outlined, among which the most important are: the development of mathematical 
algorithms of high quality; determination of the basic anthropometric characteristics of the 
users` figures; simulation of realistic image of clothes (conformity of 3D model of the product 
with actual prototype, or conformity of three-dimensional data with the linear dimensions of 
the actual product). 
 The research identified the lack of information about the examined product as a lot of 
companies that offer the service for virtual fitting do not provide information on figure and 
clothes parameters, which makes it more difficult to understand for the analysis purposes. 
However, there are services, the calculations of which are based on manually obtained data, 
but this process is not automated, it takes a lot of time, and the quality of the obtained results 
depends on the qualification of the specialist who conducts the measurements of the figure. 
It is identified that it is promising to introduce the mechanism of transformation of data, 
provided in the table of the product measurements, into the main parameters for virtual 
fitting, which will enable to automate the system of measurements and to avoid mechanical 
errors. 
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Abstract.The fifth generation mobile network 5G is a set of emerging global 
telecommunications standards, generally using high-frequency spectrum, to offer network 
connectivity with reduced latency and greater speed and capacity relative to its 
predecessors. One example is emerging autonomous cars and intelligent transportation, to 
which small latency is essential. Imagine a world where cars will be able to communicate 
with passengers, surrounding pedestrians, other vehicles, bicycles, traffic lights, parking 
meters and other urban infrastructure. To meet 5G requirements, we need dramatically new 
network architectures and technologies, such as heterogeneous ultra-dense networks, 
massive multiple-input-multiple-output (MIMO), and millimeter wave communications. 

 

Key words: Enormous amounts of data, security, mobile broadband, fiber optic cables, higher 
transmission rates, IoT. 

 

Introduction 
 The "old" infrastructure of satellite and cable operators will continue to play a role in 
the future. Strictly speaking, they even bring advantages that will prove usefulness in the 
further development of 5G. 

It is clear that there is no single perfect method to create a cost-effective 
infrastructure. For example, a satellite or wireless infrastructure in a mountain village may 
be the best option, while in a densely populated urban area fiber optic offers the greater 
benefits. It all depends on the environment. 

Combinations of technologies, including cable and satellite, will therefore continue 
for some time. Implementing a technology suite that includes legacy networks can already 
provide services up to one gigabyte per second. This will improve with further development 
in the coming months and years. 

As efficient providers of broadcasting services, cable network and satellite operators 
are thus in a strong position. Video content is a prime example. Far from giving in to 
competition from over-the-top providers, operators predict that the satellite will remain a 
dominant platform for video content well into the next decade due to three advantages: Cost 
efficiency, universal reach and quality of service. 

According to recent research by European satellite operator Eutelsat, the satellite 
market is growing steadily in developed countries, while growth is accelerating in most 
emerging markets. He also predicts that the satellite market share of TV households will 
increase by two percentage points to 26 percent by 2030. 

mailto:tmbajenesco@gmail.com
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https://spectrum.ieee.org/transportation/self-driving


 T.-M. Băjănescu 77 

Journal of Engineering Science  June, 2019, Vol. XXVI (2) 

Accordingly, 5G is not seen as a threat. The satellite is and will be a good solution for 
backhauling in areas where the cost of terrestrial data transport - fibre or microwave - is too 
high, Of course, there are inherent blind spots in satellite technology. In particular, there is 
the lack of a return channel, which requires providers to offer hybrid satellite and Internet 
distribution networks. Ultimately, cable and satellite operators do not have to fear 5G. On the 
contrary, they are in an excellent position and are expected to become important players in 
the 5G ecosystem. 

The rivalry between the USA and China does not stop before the introduction of the 
new mobile radio standard. The Americans cover up the Chinese network supplier Huawei 
with different accusations. They are also trying to convince their allies to keep their hands 
off Huawei technology. 

Many decision-makers are cautious about 5G technology ;  the main reasons are high 
upfront investments, safety concerns and a shortage of skilled workers. This is the result of a 
global study among 1800 managing directors and IT decision-makers from medium-sized and 
large companies, which Accenture has presented at MWC 2019. According to the study, 
decision-makers underestimate the disruptive potential of 5G-technology, which will result 
from the increase in network speed and capacity, and leave potential for their own business 
development untapped. Only 37 percent of decision-makers expect 5G to revolutionize the 
speed and capacity of network solutions. More than 53 percent currently see very few new 
deployment scenarios that 5G will enable compared to 4G- technology. Six out of ten 
executives surveyed believe that 5G will cover almost the entire population by 2022. 

 

5G future looks for mobile operators 
As mobile broadband and IoT traffic in mobile networks grows exponentially, the 

demands for latency, throughput, reliability and security grow dramatically and will require 
more than a simple network upgrade or expansion. The enormous increases in capacity, 
performance and speed that mobile networks must achieve must therefore be supported by 
an efficient fixed network infrastructure. Mobile operators must realise that convergence 
between 5G fixed and mobile networks will be the key to the full realisation of 5G. 

For example, they will need to install millions of small mobile cells in the coming 
years to compress the network and ensure that they can meet growing capacity needs. The 
higher frequencies that 5G uses have a lower range than the lower frequencies used today, 
and are also less able to penetrate physical barriers such as walls or trees. It is therefore clear 
that in the future cells will be required that cover smaller areas and serve fewer people - 
albeit at much higher speeds. 

Challenges and opportunities, however, balance each other out for mobile operators. 
To maximize the potential of 5G, they should move away from their traditional business 
models. One option, for example, would be to offer managed end-to-end broadband solutions 
that work seamlessly both inside and outside the home. This can be achieved by adding wired 
capabilities to network capabilities, enabling flexible service design and faster time to 
market. 
  

Value Added Distributor 
On the corporate side, factors such as the shift of workloads from the central cloud to 

the decentralized, a mobile workforce and new workloads at the edge (VR/AR, smart sensors, 
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autonomous vehicles, etc.) offer an immense opportunity for service providers in the 5G 
context. 

These factors open up potential new revenue streams such as wireless sensors and 4K 
streaming. Both show how important flexibility in pricing and billing is for mobile operators 
to be able to offer 5G services in a sustainable and profitable way. 

Essentially, there are four main application areas that mobile operators can enter. The 
first - and by far the largest - is Enhanced Mobile Broadband. It is predicted that this area, 
which includes applications such as real-time augmented and virtual reality, will generate 
global revenues of around one trillion dollars by 2026. 

The second area is Fixed Wireless Access (FWA), which also promises great financial 
opportunities. Over the next eight years, it is expected that around 100 billion dollars will be 
generated worldwide by networking companies and residential buildings in conurbations. 

The last two application areas are the Internet of Things (IoT) and consumer-based 
services. The IoT is expected to provide mobile operators with important revenue streams in 
various industries over the next few years. Offering Network as a Service (NaaS) solutions to 
businesses and consumers should also open up additional revenue streams. 

IoT devices, for example, will create a need for wireless networks with much higher 
data capacity and devices with low power consumption. Many of these devices are “always 
on” and “always connected” to the Internet via wireless network bandwidth. This is in contrast 
to a smartphone, which may sit idle for long periods with no consumption of network 
capacity. But many IoT devices will need to remain connected, such as for medical and health-
care monitoring, and that expected network capacity must be available in 5G systems. 
Projections vary on the number of IoT devices that will require wireless network access in the 
next few years, but numbers as high as several trillion devices suggest huge bandwidth/data-
capacity requirements just based on IoT devices, without even considering a growing number 
of smartphones on the same networks.  

It is expected that 5G will support very high speed connection speeds much faster and 
much more intensive use of data than previous generations, while allowing the full potential 
to be realized of the Internet of Things. From autonomous cars to smart cities, from the 
industrial Internet to communications with speed similar to fiber, the 5G will be at the heart 
of the future of communications. 5G is also essential for preserve the future of the most 
popular mobile applications - such as video to demand - ensuring that the growth in their 
uses will be sustainable. 

Operating frequency has been a widely discussed and debated topic for 5G, and clarity 
is starting to emerge. Below is a summary of the frequencies being considered based on 
activity in the 3GP. 

 

Table 1  
LTE vs. 5G capabilities 
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Internet of Things (IoT)1 
The term “Internet of Things,” also known as “cyber–physical systems (CPS),” at macro 

level, was first coined by Kevin Ashton in his presentation made to Procter & Gamble (P&G) 
in 1999. IEEE has defined it as follows: “Broadly speaking, the Internet of Things is a system 
consisting of networks of sensors, actuators, and smart objects whose purpose is to 
interconnect ‘all’ things, including everyday and industrial objects, in such a way as to make 
them intelligent, programmable, and more capable of interacting with humans and each 
other.”  

The Internet of Things will be the ideal application for 5G. What currently stands in 
the way of the IoT are disconnected systems.   

 Intelligent devices are on the Internet of Things wirelessly networked; typically 
sensors and actuators are with very low energy consumption and limited functionality. Data 
is only processed slowly and with high delay. Already in the next innovation leap, minimum 
response times, maximum availability, reliability and safety is demanded. As with networking 
on a large scale, with Cloud Computing also exists in the small, in the IoT, the need to create 
secure systems against cyber attacks. Therefore, two fundamental issues are urgently needed 
for the IoT to solve problems: Privacy and security. Also the energy supply of the distributed 
integrated entities and their robustness against environmental influences, the provision of 
mobile transmission capacity as well as the evaluation of the heterogeneous big data to 
bridge the gap between pure data and to beat information and knowledge.  

For practical use, plug-and-play, modular, self-configuring and self-healing 
implementations of the IoT are required. Existing applications, systems and data must be 
made compatible with the new IoT platforms. The basic scientific knowledge of engineers is 
required to solve all these questions. Cooperative research and development will be driven 
forward on a broad basis. New technical norms and standards must also be created. 

The Internet of Things has its scientific roots in Communication networks and wireless 
communication, special attention is paid to communication protocols. The IoT includes cyber-
physical systems. However, these have their roots in controllers, computer science, real-time 
systems and sensor networks, and corresponding research focuses on hybrid systems and the 
formal verification of dynamic systems. 

Between 2018 and 2025, the number of global IoT connections will triple to 25 billion, 
while global IoT revenue will quadruple to $1.1 trillion. With connectivity becoming 
increasingly commoditised, mobile operators are looking to expand their role in the value 
chain – from providing essential tools and capabilities for ecosystem partners to build IoT 
solutions, to becoming end-to-end IoT solutions providers themselves.   

The IoT is rapidly developing with the new technology, especially the new application 
domain. Nowadays, IoT systems are improving the quality of lifestyles that involve the 
interconnection between smart home devices and smart environments. Automation and 
machine learning will be a crucial component in IoT cybersecurity. Leveraging machine 
learning technology allows organizations to draw correlations among the massive volume of 

                                                
1 The IoT will interconnect a significantly larger number and broader range of devices than today’s Internet; from simple 
sensors to wearable devices on humans and animals; to consumer goods such as clothes and parcels; to complex endpoints 
such as automobiles, trains, bicycles, drones, smart appliances, and commercial and consumer robots that will each contain 
multiple-networked subsystems; to sophisticated systems such as industrial control systems, connected transportation 
systems, smart buildings and cities, oil and gas systems, and smart energy grids. 



80 Emerging technologies: 5G and IOT  

Journal of Engineering Science  June, 2019, Vol. XXVI (2) 

data they collect, all in a streamlined manner. With the amount of emerging vulnerabilities, 
automation and machine learning are vital to combating cybercrime effectively. 

Many technologies enable the IoT in connecting products, or things, and services 
(Table 2). The new version of the Internet Protocol (IPv6), supporting 128‐bit or 
3.4 × 1038 addresses that can connect most atoms in the world (1.33 × 1050 atoms), enables 
almost unlimited number of devices connected to networks. 

 

 
Figure 1  Hype cycle for emerging technologies, 2015. 

 

Table 2  
Technologies enabling the IoT. © Deloitte. Use with permission 

 

Technology Definition Examples 

Sensors 

A device that 
generates an 

electronic signal 
from a physical 

condition or event 

The cost of an accelerometer has fallen to 40 cents from 
$2 in 2006. Similar trends have made other types of 

sensors small, inexpensive, and robust enough to create 
information from everything from fetal heartbeats via 

conductive fabric in the mother’s clothing to jet engines 
roaring at 35,000 ft. 

Networks 
A mechanism for 

communicating an 
electronic signal 

Wireless networking technologies can deliver 
bandwidths of 300 megabits per second (Mbps) to 1 

gigabit per second (Gbps) with near‐ubiquitous 
coverage. 

 
Continuation Table 2 

https://www.safaribooksonline.com/library/view/internet-of-things/9781119173649/c01.xhtml#R_c1-fig-0003
https://www.safaribooksonline.com/library/view/internet-of-things/9781119173649/c01.xhtml#R_c1-tbl-0003
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Standards 

Commonly accepted 
prohibitions or 

prescriptions for 
action 

Technical standards enable processing of data and 
allow for interoperability of aggregated data sets. In the 

near future, we could see mandates from industry 
consortia and/or standards bodies related to technical 

and regulatory IoT standards. 
 

Augmented 
intelligence 

Analytical tools that 
improve the ability to 
describe, predict, and 
exploit relationships 
among phenomena 

Petabyte‐sized (1015 bytes, or 1,000 terabytes) 
databases can now be searched and analyzed, even 

when populated with unstructured (e.g., text or video) 
data sets. Software that learns might substitute for 
human analysis and judgment in a few situations. 

Augmented 
behavior 

Technologies and 
techniques that 

improve compliance 
with prescribed 

action 

Machine‐to‐machine interfaces are removing reliably 
fallible human intervention into otherwise optimized 
processes. Insights into human cognitive biases are 

making prescriptions for action based on augmented 
intelligence more effective and reliable. 

 

Deloitte analysis. http://dupress.com/collection/internet‐of‐things/. 
 

The Promise of 5G 
Expectations are great for 5G networks, even before the infrastructure has been built 

(Figure 1). Earlier-generation wireless/cellular networks were based on supporting voice 
communications, although that started to change with 2G and 3G systems. The nature of 
modern communications has changed, largely due to the influence of the Internet, and has 
become very data-centric, with network performance defined in terms of data transfer speeds 
and data capacity. 

 

 
Figure 2 The need for bandwidth to transfer large amounts of data through wireless 

channels makes the use of millimeter-wave frequencies in 5G wireless networks 
inevitable. (Graphic courtesy of National Instruments). 

 
 

http://dupress.com/collection/internet-of-things/
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Figure 3. Internet of Things ecosystem. (© International Data Corporation. Use with 

permission). 
 

Monitoring activity can lower risks against the growing numbers of devices. 
Monitoring the reputation scores of IPs, URLs, files, and mobile apps that are related to an 
unknown object is an effective way to predict whether they pose a security risk. In addition, 
the continual, real-time monitoring and tracking of changes in IPs, URLs, files, and mobile 
apps is essential toward decreasing security incidents. 

 
5G future looks for mobile operators 
As mobile broadband and IoT traffic in mobile networks grow exponentially, the 

demands for latency, throughput, reliability and security grow dramatically and will require 
more than a simple network upgrade or expansion. The enormous increases in capacity, 
performance and speed that mobile networks must achieve, they must therefore be supported 
by an efficient fixed network infrastructure. Mobile operators must realise that convergence 
between 5G fixed and mobile networks will be the key to the full realisation of 5G. 

For example, they will need to install millions of small mobile cells in the coming 
years to compress the network and ensure that they can meet growing capacity needs. The 
higher frequencies that 5G uses have a lower range than the lower frequencies used today, 
and are also less able to penetrate physical barriers such as walls or trees. It is therefore clear 
that in the future cells will be required that cover smaller areas and serve fewer people - 
albeit at much higher speeds. 

Challenges and opportunities, however, balance each other out for mobile operators. 
To maximize the potential of 5G, they should move away from their traditional business 
models. One option, for example, would be to offer managed end-to-end broadband solutions 
that work seamlessly both inside and outside the home. This can be achieved by adding wired 
capabilities to network capabilities, enabling flexible service design and faster time to 
market. 

 
5G and health problems 

https://www.safaribooksonline.com/library/view/internet-of-things/9781119173649/c01.xhtml#R_c1-fig-0005
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It is expected that 5G will be used in frequency ranges from 24 to 86 GHz, known as 
millimetre waves, From a scientific point of view, concerning these waves and in comparison 
with 3G and 4G, little is known about human exposure to these waves and potential health 
effects. Few scientific studies have been conducted to date. However, it is known that the 
radiation emitted by millimetre waves penetrates less deeply into the body than the 
frequencies used so far for 3G and 4G, and that this energy is, therefore, absorbed by a smaller 
volume of tissue. 

Rats and mice, which had been exposed to high doses of waves, did not show an 
increase in cancer, but ultimately lived longer than others that had been preserved. With 
regard to human studies, it has been and will always be difficult to conduct studies on 
subjects not subjected to waves. Even though the use of mobile phones has exploded in 
recent years, there has been no massive increase in cancer cases. In general, the increase in 
the number of cancers is mainly because humans are living longer. Age is a well-known risk. 

Despite the uncertainties, the experts assume that the new mobile radio standard will 
not significantly change radiation exposure overall. While there are places where radiation 
exposure will increase, the new technology should reduce exposure in other places, 
according to the opinion. The same also applies to the radiation exposure of the individual, 
which cannot yet be reliably estimated due to the many question marks in the concrete 
implementation of 5G. 

It has been proven that long telephoning heats the part of the brain near the device; 
however it has not yet been enough to demonstrate that it has a harmful effect on health. 
Remember that we are talking here about the telephone, which is recommended to moving 
away from the head via a hands-free kit. We're not talking about waves generated by the 
antennas, but by the phone. This brings us back to what was stated above: it is above all the 
use of electronic devices that count. And much less so for mobile phone antennas. The most 
important and direct risk to the health of mobile phones remains the inattention that mobile 
phones can generate, especially on the road and for pedestrians. 

 
5G and meteorological problems 
At the European Centre for Medium-Range Weather Forecasts in Reading, England, 

concern is high, while, 5G technology is potentially a threat. Several frequencies are 
measured that have particular properties. For example, water vapour emits a signal of about 
24 gigahertz, very close to one of the frequencies that could be used by 5G. As a result, this 
extremely important information signal, observed from space, could become blurred. Another 
problem: About 50 meteorological satellites circulate around the Earth. They provide valuable 
information for weather forecasting. If this data were to be corrupted, the consequences could 
be disastrous. This is a question that will arise in October 2019 at an international conference 
that will have to decide on this subject. In practical terms, it will be a matter of choosing the 
right frequencies for 5G, so that they do not disrupt other services such as weather satellites 
in particular. 

 
Conclusions 

5G makes a significant breakthrough in the traditional mobile communication system. While 
enhancing the service capability of the traditional mobile networks, it further evolves to 
support the applications of IoT in various fields including manufacturing, business, and health 
care transportation. Hence, 5G is becoming the basic technology for the future IoT that 
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connects and operates the whole society. Aiming at supporting differentiated applications 
with a uniform technical framework, 5G is facing enormous challenges. Network service 
providers are facing a lot of heavy lifting in order to scale their networks up and out by an 
order of magnitude in terms of capacity, the number of connected devices and vast numbers 
of networks.  
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Abstract. Coordination abilities are the integral components in estimation of an athlete's 
physical preparedness and movement capabilities. The paper describes an original approach 
to the estimation of athletes coordination abilities based on the construction and analysis 
of electromyographic patterns of complex coordination movements. The maximum 
informative test exercises with a complex motion structure are recommended. 
Reproducibility analysis of the electromyographic patterns of motion tests under the 
influence of external destabilizing factors is proposed. The following factors were chosen as 
external perturbing ones: disabling the visual and disabling the sound analyzer of a person. 
The coefficients describing the individual informative components of the athletes' 
coordination abilities are presented: the coefficient of influence of the visual analyzer (γ) 
and the coefficient of influence of the sound analyzer (τ) on the stability of reproduction of 
the movements with a complex coordination structure. Research of the coordination abilities 
of young athletes, specializing in tennis and figure skating, are presented. For young 
athletes, specializing in figure skating, the coefficient of influence of the visual analyzer is 
γ = 2.09 ± 0.49, the coefficient of influence of the sound analyzer is τ = 1.98 ± 0.58. For young 
tennis players, the coefficient of influence of the visual analyzer is γ = 1.97 ± 0.48, the 
coefficient of influence of the sound analyzer is τ = 2.12 ± 0.61. In addition, а significant 
correlation between the age of the athlete and the coefficient of the influence of the visual 
analyzer has also been established. The Pearson correlation coefficient for skaters is r = -
0.63, and for tennis players – r = -0.62. These indicates about the improvement of such 
component of coordination abilities with age. The recommendations on the practical use of 
the research results for young athletes are given. 

 

Keywords:  coordination abilities, multichannel electromyography, electromyographic motion 
pattern, digital signal processing, statistical analysis. 
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 I. Introduction 
Estimation of human coordination abilities is the pressing problem for various areas: 

physical education, sports, work and military activities, sports and diagnostic medicine [1-3]. 
Coordination abilities of the human are understood as preparedness for optimal 

control of the motion action and regulation of it [4]. Basic coordination abilities have a wide 
range of applications and include: the ability to orientate in space, differentiate muscular 
sensations and regulate the degree of muscle tension, respond to signals from the external 
environment, the ability to keep static and dynamic balances, a sense of rhythm [5]. 

The efficiency of the implementation of complex coordination actions depends on a 
number of factors, as well as on their combination and interaction between them [6]. The 
level of technical preparedness largely determines the realization of the athlete's 
accumulated capabilities and other components of training, such as physical, tactical and 
coordination capabilities of the athlete [7]. 

The functional complexity and multi-component organization of the human motor 
system determines the need for a multipurpose approach to the study of complex 
coordination movements of human body. The concept of such approach is to consider jointly 
both external motion characteristics (biomechanical parameters of motion) and internal 
control mechanisms (electrophysiological parameters of motion) [8,9]. 

The main diagnostic method of electrophysiological study of the human 
neuromuscular system is the surface electromyography. Electromyography is based on the 
registration of total bioelectrical activity of aggregated motor units of a muscle with the help 
of skin electrodes and qualitative-quantitative analysis [10]. This method found the greatest 
application in clinical practice, rehabilitation and research of diseases of the motor system 
[11-15]. 

Electromyographic (EMG) pattern of a movement is a spatial-temporal model that 
indicates the direction, level and sequence of activities of the muscles involved in the 
movement [8,16]. Recognition of EMG patterns of movements is a perspective goal and today 
is being developed towards biocontrol by external devices (prostheses, exoskeleton, human-
machine interfaces) [17-20]. There are also works devoted to the analysis of EMG patterns of 
sports movements [21-23]. 

The goal of the paper is to analyze the reproducibility of EMG patterns of complex 
coordination movements under external destabilizing factors in order for further estimation 
of the coordination abilities of the athletes. 
 

 II. Research Methods 
The coordination abilities of the athletes were studied at the Department of "Sports 

Engineering" of the Belarusian National Technical University (Minsk, Belarus). 
 
Subjects 
The study involved young athletes, engaged in specialized sports sections (tennis and 

figure skating). Sixteen athletes (12 male, age, 8 to 13 years; 4 female, age, 8 to 13 years) 
volunteered to participate in the study. For all subjects were previously explained the essence 
of the research and showed the test exercises. The subjects were in full health and did not 
report any feelings of pain when performing the tests. 

The test tasks with a complex motion structure [24] were developed for legs (Figure 
1) and arms (Figure 2) in the following sequence: test 1 - with open eyes; test 2 - with closed 
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eyes; test 3 - cross-coordination performed in rhythmic cadence (Figure 3); test 4 - cross-
coordination performed without rhythmic cadence. 

Test exercises with a complex motion structure selected for the estimations made are 
the most informative ones for the study of the components of coordination abilities. 

 

 
Figure 1. Motion test for the legs. 

1 - flexion in the hip and knee joints at straight angles; 2 - straightening in the knee 
joint, the leg is horizontal; 3 - flexion in the knee joint at straight angles; 4 - starting 

position; 5 - flexion in the knee joint back at a straight angle; 6 - semi-inclined forward 
at an angle of 45 °, the leg and body constitute a straight line; 7 - flexion in the knee 

joint back at a straight angle; 8 - starting position. 
 

 
Figure 2. Motion test for the arms. 

1 - maximal flexion in elbow joints without application of additional force; 2 - 
straightening in the elbow joints, arms are horizontal; 3 - flexion of the arms in the 
elbow joints, arms are in front of the thorax horizontally; 4 - straight arms are to the 

sides, horizontally; 5 - flexion of the arms in the elbow joints, arms in front of the thorax 
horizontally; 6 - maximal flexion in elbow joints without application of additional force; 

7 - straightening in the elbow joints, arms are horizontal; 8 - starting position. 
 

 
Figure 3. Motion test for the cross-coordination. 

1 - flexion of the right arm in the elbow joint and flexion of the left leg in the hip and 
knee joints at a right angle; 2 - straightening of the limbs forward horizontally; 3 - 

swerve of the straight right arm to the side and flexion of the left leg in the knee joint at 
right angles; 4 - starting position; 5-8 - the same with other limbs. 

For the study, seven large muscle groups of the arms and legs were chosen [25]. The 
complex coordination motions are not possible without control movements of the limbs, 
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which have a sufficiently large number of degrees of freedom and mobility in comparison 
with the body (Figure 4, Table 1).  

Table 1 
Chosen muscles and their functions 

Muscle name (Latin) Location and function 

m. rectus femoris It is located on the front of the thigh. Unbends the 
leg in the knee joint, flexes the hip in the hip joint. 

m. biceps femoris 
It is located on the back of the thigh. Flexes the leg 
in the knee joint, unbends the leg in the hip joint. 

m. gastrocnemius lateralis 
m. gastrocnemius medialis 

These are located on the back of the shin. Flex the 
foot, help in the flexing of the leg in the knee joint. 

m. tibialis anterior It is located on the front of the shin. Unbends the 
ankle joint and lifts the medial edge of the foot. 

m. biceps brachii 
It is located on the front surface of the forearm. 
Flexes the shoulder in the shoulder joint and the 

forearm in the elbow joint. 

m. triceps brachii 
It is located on the back surface of the forearm. 
Unbends the forearm in the elbow joint, helps in 

unbending the shoulder. 
 

Data Collection 
Registration of EMG signals of muscles were realized a TrignoTM Wireless System 

(Delsys Inc., Boston, USA) and surface EMG electrodes, TrignoTM Wireless Sensor (Delsys Inc., 
Boston, USA) [26]. Each EMG sensor has a built-in triaxial accelerometer, a transmission range 
of 20 m and a rechargeable battery lasting a minimum of 7 hours (TRIGNO Wireless System 
User’s Guide, 2013). 

Fixation and positioning of sensors on the studied muscles, orientation relative to 
motor fibers, the quality of skin surface preparation for recording of surface EMG were carried 
out in accordance with the recommendations of SENIAM [27]. 

The EMG signals were acquired using 14 active electrodes (DelSys®, Inc., Boston, MA, 
USA) that provided a EMG signal bandwidth 20- 450 Hz, EMG signal sampling rate of 2000 
samples/sec, EMG baseline noise of <750 nV RMS, CMRR > 80dB, 16-bit EMG signal resolution 
(Trigno™ Wireless System User's Guide, 2013). 

The EMG and accelerometer signals were recorded using Delsys EMGWorks Acquisition 
software [26]. For further analysis, the data was exported to MATLAB using Delsys EMGworks 
COM interface. 

 

Data Processing 
To estimate the coordination abilities of a person, based on the analysis of the 

reproducibility of EMG patterns of complex coordination movements, the following stages 
were offered: 

- Preliminary processing of EMG signals of muscles for removing noise from the 
spectrum of useful signal. 

- Analysis of the spatio-temporal structure of the complex-coordination movement 
to find the phases of motion exercises. 
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- Analysis of the amplitude-time characteristics of EMG-signals of muscles in 
accordance with the spatio-temporal structure of motion. 

- Quantitative estimation of the athletes' coordination abilities based on the analysis 
of the reproducibility of EMG patterns of motion tests. 

- Construction of individual motion profiles of athletes, characterizing their 
preparedness and coordination abilities. 

Using mathematical programming system MatLab R2017, a special program called 
"Motion analyzer" (Figure 5) was developed to analyze multichannel electromyograms of 
muscles and motion accelerometry. The program substantially simplifies and speeds up data 
processing. 

 

 
Figure 5. Interface of the program "Motion analyzer". 

 

 III. Results and Discussions  
 Stage 1. Preliminary Processing of EMG Signals of Muscles 

When working with biomedical signals, including EMG signals, the reliability of the 
results is determined by the quality of the recorded signal. Motion artifacts, high-frequency 
noise, power supply frequency interference and crosstalk of different biomedical signals, 
introduce some significant distortions into useful signals. Improving the identification quality 
of needed biomedical signals is possible through the use of digital filtering methods which 
precede the subsequent analysis of signals [28]. 

In the reported investigation, the EMG signals have been filtered by using a Chebyshev 
high-pass digital filter with a cutoff frequency of 10 Hz (for removing motion artifacts), a 50 
Hz Butterworth digital notch filter (for removing power supply frequency interference). Also, 
a constant component in the spectrum of the useful signal has been deleted. 
Stage 2. Analysis of the Spatio-Temporal Structure of the Complex-Coordination Movements 

The analysis of accelerometric signals with clear structural patterns was used to 
determine the phases of the complex coordination test movement. For motion tests under 
investigation, the accelerometer signals of the muscles Rectus Femoris and Biceps Femoris 
were chosen for legs’ exercises while right and left Biceps Brachii were used for arms’ 
exercises. 
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Figure 6 shows an example of the analysis of the spatio-temporal pattern of a test 
exercise for the legs. The accelerometer signals of the muscles Rectus Femoris and Biceps 
Femoris made it possible to determine the following phases of motion: 

Phase 1 - flexion of the leg in the hip and knee joints at a right angle; 
Phase 2 - extension of the leg in the knee joint to the horizontal position, then flexion 

in the knee joint at a right angle; 
Phase 3 - return of the leg to the start position; 
Phase 4 - start position; 
Phase 5 - flexion of the leg at the knee joint backward at right angles, knees are at the 

same level; 
Phase 6 - semi-incline forward 45 °, leg and body make a straight line, then return to 

the previous position; 
Phase 7 - return of the leg to the start position. 
 

 
Figure 6. The determination of the motion phases using the accelerometer signals of the 

muscles Rectus Femoris and Biceps Femoris. 
 

Stage 3. Analysis of the Amplitude-Time Characteristics of EMG-signals of Muscles in Accordance 
with the Spatio-Temporal Structure of Motion 

The analysis of the EMG pattern of motion is based on the study of multichannel EMG 
signals of working muscles in the time domain. It is essential to compare the muscle 
innervation pattern with the spatio-temporal characteristics of the performed actions. 

The works devoted to the amplitude-time analysis of EMG signals, as a rule, use the 
average or peak amplitude of the EMG signal during the selected period of time as the main 
informative parameter [29-32]. 

The presented work proposes the analysis of EMG signal energy inside the found 
phases of motion exercises (Figure 7). Since significant energy in the EMG signals an indicator 
of force generation in a specific muscle, a high value for may be used to suggest that 
movement may be taking place [12, 33]. In works [34,35] on biomechanics the connection 
between muscle force and the number of motor fibers involved in the process of muscle 
contraction is shown. This approach to EMG analysis makes it possible to quantitatively 
estimate the distribution of muscular effort in phases during the test movements. 

For each muscle (m), the energy of the EMG signal (𝐸𝑚 ) is calculated as follows: 
 

𝐸𝑚 = ∑ 𝐸𝑚[𝑖] = ∑
(𝑥𝑚[𝑖])2

𝑛

𝑛

𝑖=1

𝑛

𝑖=1

, (1) 
 

where m is the muscle number; 
Еm[i] is the i-th discrete sample of the energy signal of the m-th muscle’s EMG; 



 Estimation of athlete coordination abilities based on the reproducibility analysis… 91 

Journal of Engineering Science  June, 2019, Vol. XXVI (2) 

xm[i] is the amplitude of the i-th discrete sample of the EMG signal of the m-th muscle;  
n is the number of discrete samples of the EMG signal. 
Similarly, for each muscle (m), the energy of the EMG signal is calculated inside each 

phase (f) of the motion under investigation. 
Figure 7a shows an example of the EMG-signals' energy of the muscle Tibialis Anterior 

of the right leg when doing the motion test 1. Figure 7b shows an example of the energy 
distribution of the EMG signals of the right leg's muscles in the phases of movement during 
the motion test 1. 

 

 

 
a) b) 

Figure 7. Amplitude-time analysis of EMG signals of muscles: a - EMG-signals' energy of 
the muscle Tibialis Anterior of the right leg when doing the motion test 1; b - the energy 

distribution of the EMG signals of the right leg's muscles in the phases of movement 
during the motion test 1. 

 

Stage 4. Analysis of the Reproducibility of EMG Patterns of Motion tests. 
Quantitative estimation of the athletes' coordination abilities is based on the analysis 

of the reproducibility of EMG patterns of motion tests under the action of external 
destabilizing factors. The following external destabilizing factors were chosen: disabling the 
visual analyzer (test 2 is done with the closed eyes) and disabling the sound analyzer (test 4 
is done without counts). 

The method of estimating the reproducibility of the motion skills of a person [8] was 
used as the basis for the proposed estimation of the athletes' coordination abilities. 

The initial data for the analysis are the energy of the EMG signal of the studied muscles 
(Eq.(1)) and the percentage distribution of the energy of the EMG signal of each muscle in the 
phases of motion of the total energy of the signal: 

 

𝐸𝑚,𝑓
% =

𝐸𝑚,𝑓

𝐸𝑚
× 100%, (2) 

 

where m is the muscle number; 
f is the motion phase number; 
Еm,f is the energy of the EMG signal of the m-th muscle in the f-th phase; 
Еm is the total energy of the digital EMG signal of the m-th muscle. 
The percentage distribution of the energy of the EMG signal of muscles over the 

phases of motion shows, first of all, the localization of muscular forces in different phases of 
movement, irrespective of the strength of the test exercise. 



92 N. Davydova, V. Vasiuk, A. Osipov, I. Mikhuta, A. Khokholko, M. Mezhennaya, M. Davydov  

Journal of Engineering Science  June, 2019, Vol. XXVI (2) 

Figure 8 a, b shows examples of the percentage distribution of the energy of the EMG 
signals of the muscles under investigation in the phases of movement for test exercises 1 
and 2. 

Then, for the initial motion test and the test involving the influence of the external 
factor, the deviation of the phase shares of the EMG signals’ energy for all the muscles is 
calculated: 

 

∆𝐸𝑚,𝑓
% = |𝐸𝑚,𝑓,2

% − 𝐸𝑚,𝑓,1
% |, (3) 

 

where 𝑬𝒎,𝒇,𝟏
%  is the energy share of the EMG signal of the m-th muscle in the f-th phase of the 

initial motion; 
𝑬𝒎,𝒇,𝟐

%  is the energy share of the EMG signal of the m-th muscle in the f-th phase of 
motion under the action of the external factor. 

The deviation of the energy share of the EMG signal (∆𝐸𝑚,𝑓
% ) of the muscles, in all 

phases of the motion, characterizes the degree of variability in the distribution of muscular 
effort over the phases of the motion under the action of the external destabilizing factor.  

Figure 8 c shows the example of the deviation in the percentage distribution of energy 
of the muscles’ EMG signals in the phases of the motion between the motion tests 1 and 2. 

To estimate the reproducibility of human movement as a whole, it is necessary to 
consider the degree of each muscle’s contribution to the formation of the movement under 
investigation, because the muscles are involved in the process of the motion realization 
differently. Besides, it is necessary to consider the significance of each phase of the 
movement, because the distribution of muscular efforts in the motion phases is not uniform. 

For each muscle, the significance coefficient (Eq.(5)) is determined as the share of the 
average energy of the EMG signal of each muscle (Eq.(4)) of the total energy of the EMG 
pattern of the motion: 

 

 
𝐸𝑚

ср
=

𝐸𝑚,1+𝐸𝑚,2

2
, (4) 

 

where m is the muscle number; 
𝑬𝒎,𝟏 and 𝑬𝒎,𝟐 are the energies of the EMG signal of the muscle m of the initial motion 

(1) and the motion under the action of the external factor (2). 
 

𝑘𝑚 =
𝐸𝑚

ср

∑ 𝐸𝑚
ср𝑀

𝑚=1
, (5) 

 

where M is number of the muscles under investigation; 
𝑬𝒎

ср is the average energy of the EMG signal of each muscle (m). 
The coefficient of muscle significance (km) lies within the range [0 ... 1]. 
Figure 8 d shows an example of the calculated significance coefficients of the muscles 

under investigation for the test motion. 
For each phase of the motion, the significance coefficient (Eq.(7)) is determined as the 

share of the average energy of all EMG signals of the muscles in the phase of motion (Eq.(6)) 
of the total energy of the EMG pattern of motion: 

 

𝐸𝑓
ср

= ∑
𝐸𝑚,𝑓,1+𝐸𝑚,𝑓,2

2

𝑀
𝑚=1 , (6) 

 

where 𝑬𝒎,𝒇,𝟏 и 𝑬𝒎,𝒇,𝟐 are the energies of the EMG signal of the m-th muscle in the  f-th 
phase of the initial motion (1) and motion under the action of the external factor (2). 
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𝑘𝑓 =
𝐸𝑓

ср

∑ 𝐸𝑚
ср𝑀

𝑚=1
, (7) 

 

where f is motion phase number; 
𝑬𝒇

ср is the average energy of all EMG signals of the muscles in the phase (f) of the motion. 
The coefficient of significance of the motion phases (kf ) lies within the range [0 ... 1]. 
Figure 8 e shows an example of the calculated phase significance coefficients for the 

test motion. 
The coefficient of variability of motion (Кv) with the influence of the external 

perturbing factors is calculated as the sum of the weighted deviations of the percent share 
of the energy of EMG signal of the investigated muscles in all phases of the motion: 

 

𝐾𝑣 = ∑ ∑ 𝑘𝑚 × 𝑘𝑓 × Δ𝐸𝑚,𝑓
% ,

𝐹

𝑓=1

𝑀

𝑚=1

 (8) 

 

where F is the number of motion phases. 
Figure 8 f shows an example of the weighted (considering the importance of the 

muscles and the motion phases) deviation in the percentage distribution of the energy of 
EMG signals of muscles in the phases of motion between the motion tests 1 and 2. 

The coefficient of influence of the visual analyzer (γ) is calculated as the coefficient of 
variability (Eq.(8)) for the motion tests 1 and 2. In other words, by doing the test task without 
using the visual analyzer relative to the test, where the exercise is performed with open eyes.  

The coefficient (τ), characterizing the reproducibility of the structure and the speed of 
motion, is calculated as the coefficient of variability (Eq.(8)) for motion tests 3 and 4. In other 
words, by doing the test task without counts relative to the test, where the exercise is 
performed with counts. 
Stage 5. Construction of the Individual Motion Profiles of Athletes 

The final stage in the estimation of human coordination abilities based on the analysis 
of the reproducibility of EMG patterns of complex coordination motions is the construction 
of individual motion profiles of athletes. The individual motion profiles are based on the 
calculated coordination coefficients γ and τ (Figure 9), that characterize the preparedness and 
coordination abilities of a person.  

The smaller values of these coefficients indicate about the high level of development 
of the individual components of coordination abilities. This is due to the fact, that the 
coefficients of influence of the visual and sound analyzers characterize the stability of 
reproduction of complex coordination movements under external destabilizing factors. In the 
ideal case, with the complete overlap of the EMG-structure of the motion before and after 
introducing of the destabilizing factor, these coefficients are equal to 0. This information 
provides a visual representation of the current state and the possibility of the further 
development the athlete's coordination abilities. 
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Figure 8. The stages  of the estimation of the reproducibility of electromyographic 

patterns of motion with the influence of the external disturbing factor in the example of 
tests 1 and 2 for the left leg: a, b - the percentage distribution of the energy of EMG 
signals of  the muscles in the motion phases for motion tests 1 (a) and 2 (b); c - the 

deviation in the percentage distribution of the energy of EMG signals of the muscles in 
the motion phases between the motion tests 1 and 2; d - coefficients of the muscle 

significance, e - coefficients of significance of the motion phases; f - weighted deviation 
in the percentage distribution of the energy of EMG signals of the muscles in the phases 

of motion between the motion tests 1 and 2 
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a) b) 

Figure 9. Comparison of the individual profiles of athletes: a - influence of the visual 
analyzer; b - influence of the sound analyzer. 

 

 Results 
The research involved 16 athletes of different gender and ages 8 to 16 years, 

specializing in tennis and figure skating. Table 2 presents the results of estimation of the 
coordination abilities of young athletes based on the authors’ method. The total coefficients 
of the influence of the visual and sound analyzer on the stability of reproduction of complex 
coordination movements were calculated. 
 

Table 2 
Results of the research 

Athlete Kind of sport Gender Age γ τ 
1 figure skating male 11 2,75 2,50 
2 figure skating female 13 1,88 1,18 
3 figure skating female 11 2,33 2,48 
4 figure skating male 13 1,28 2,19 
5 figure skating male 11 1,77 2,53 
6 figure skating female 9 2,44 1,30 
7 figure skating male 9 2,22 1,68 
8 tennis male 15 1,69 2,37 
9 tennis male 13 2,15 3,14 

10 tennis male 16 1,40 1,51 
11 tennis male 8 2,57 1,55 
12 tennis male 11 1,56 3,00 
13 tennis male 11 2,17 1,72 
14 tennis male 11 1,93 2,01 
15 tennis female 8 2,77 2,12 
16 tennis male 9 1,49 1,65 

 

As the result of the research, the influence of the visual analyzer and the influence of 
the sound analyzer on the stability of reproduction of the movements with a complex 
coordination structure were shown. So for young athletes, specializing in figure skating, the 
coefficient of influence of the visual analyzer is γ = 2.09 ± 0.49, the coefficient of influence 
of the sound analyzer is τ = 1.98 ± 0.58. For young tennis players, the coefficient of influence 
of the visual analyzer is γ = 1.97 ± 0.48, the coefficient of influence of the sound analyzer is 
τ = 2.12 ± 0.61. 
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A significant correlation between the age of the athlete and the coefficient of the 
influence of the visual analyzer was established. So the Pearson correlation coefficient for 
skaters is r = -0.63, and for tennis players – r = -0.62. These indicates about the improvement 
of such component of coordination abilities with age. 

 

 Conclusions 
The paper proposes a new approach to the estimation of athlete coordination abilities 

based on the analysis of the reproducibility of EMG patterns of complex coordination motions 
under the action of external destabilizing factors. The following factors were chosen as 
external perturbing ones: disabling the visual and disabling the sound analyzer of a person. 

Test exercises with a complex motion structure selected for the estimations made are 
the most informative ones for the study of the components of coordination abilities. 

Recognition and analysis of EMG patterns of the test exercises with complex motion 
structure include the following steps: 

- Preliminary processing of EMG signals of the muscles under investigation. 
- Detection of phases of the complex coordination motions. 
- Analysis of the amplitude-time characteristics of EMG signals of the muscles in 

accordance with the spatio-temporal structure of the motion. 
- Analysis of the reproducibility of EMG patterns of motion tests under the action of 

external destabilizing factors. 
- Construction of the individual motion profiles of athletes, characterizing their 

coordination abilities. 
According to the proposed method in the ideal case (with the complete overlap of the 

EMG-structure of the motion before and after introducing of the destabilizing factor), the 
value of the coefficient of influence of the visual and sound analyzer will be zero. However, 
real research shows the dispersion of the values of these coefficients from 1.28 to 3.14. 
Analysis of these coefficients allows identifying the athletes with high coordination abilities 
and giving recommendations for young athletes about promotion in a particular sport. 
Therefore, for example, the value of the coefficient of influence of the visual analyzer are 
important for choosing the sports that require high visual concentration: some game sports 
(tennis, badminton), target shooting and biathlon. 

In this way, the proposed method can be used for objective monitoring of the levels 
of individual components of the athletes' coordination abilities. 
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Abstract. The paper is dedicated to the technical and economic analysis of air-conditioning 
solutions for office buildings. În this paper two air conditioning systems were compared: the 
variable refrigerant flow (VRF) system and the chiller-fan coil system. Comparison of the 
technical and economic indicators was done using the "global cost" method. As a result of 
the analysis, it was found that: the energy saving in the air conditioning system to a great 
extent depends on building design solutions and the type of air conditioning system. 
 

Keywords: VRF, air conditioning system, chiller-fan coil system, cooling power, Global Cost, 
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1. Introduction 
The increasing demand for improving the thermal comfort in buildings has led to the 

large-scale deployment of HVAC systems, which has led to a steady increase in energy 
consumption in buildings [1, 2]. Cooling demand is steadily rising, mainly due to revenue 
growth, and is also expected to grow with climate change. Capital investments for Air 
Conditioning Systems often reach 20% of the total cost of the building. According to the 
representative of Schneider Electric Romania, the costs for an office building are divided into 
two categories: 

• The first category is the initial investment, which usually accounts for only 25% 
of the costs; 
• The second category is operating expenses, which represent 75% of the costs 
and lie for a period of 25-30 years. 

Constructions, engineering installations under the economic aspect involve a very 
large volume of resources that requires the adoption of a concept, the use of a methodology 
to allow for the determination of the costs of building objects throughout their life. 

 

2. Methodology 
Comparison of projects/variants, or more precisely, comparison of their technical and 

economic indicators, is possible only if these indicators are calculated for the same duration 
of investment [3, 8]. There are several ways of equating alternative projects in terms of 
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operating time. In this paper, the economic analysis of the investments was done with the 
Global Cost (GC) method. 

By content, the Global Cost is defined as the economic amount between the initial 
efforts to make an investment and the subsequent costs related to its maintenance and 
exploitation. Schematically this definition can be represented as follows: 

 

Global Cost = Initial Costs + Costs Subsequent 
 

The "Global Cost" indicator expresses the current value of the initial investment costs 
and the subsequent costs of the operation building and construction, and maintenance 
(intervention, current repair and capital repair), the economic life of the investment project 
or the duration conventional time (about 20 to 25 years) [4]. GC calculations aim at obtaining 
the updated cost value incurred during a defined calculation period, taking into account the 
residual values of equipment/elements with a higher service life. 

The Global Cost Method, also known as the "cost-per-life of a construction" method, 
aims to improve the investment decision by reducing the risk of investing less today and to 
support higher future expenses tomorrow. The timing of the optimal decision is at the design 
stage. In this respect, life cycle cost analysis is a key component of establishing the feasibility 
of a construction project. 

In order to perform a technical-economic calculation of the air-conditioning systems 
in the office buildings, several buildings from the city of Chisinau, built during the last 5-8 
years, have been analyzed. Based on this study, it was found out that the most frequently 
used is the chiller-fan coil system. The new VRF system is on the market, but due to the initial 
cost, few owners accept it. As a result, in the present paper it was proposed to compare these 
two air-conditioning systems: the VRF system and the chiller-fan coil system according to the 
life cycle cost principle. 

For the study, an office building in the city Chisinau was selected, where the VRF air 
conditioning system is provided; the chiller-fan coil system for the this building was designed 
for comparison [5, 6, 7]. 

 

The selected building is a representative sample of the building fund in the Republic 
of Moldova in terms of form, size, characteristics and ways of using new buildings. From an 

 
Figure 1. Office building. 
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architectural point of view, the building is built in a modernist style with a compact structure. 
The flat shape of the construction is quasi-rectangular with 7 levels, the building being 
designed to accommodate the commercial area coupled with offices on the ground floor. 
Because offices are given on rent, the air conditioning system is installed separately on each 
floor, so the calculation of the Global Cost of the air conditioning was done for a single level. 
For both air conditioning systems, the Global Cost was determined with the relation: 

 𝐺𝐶 = 𝐼 + (∑ 𝐶 ∙ ∑ 𝑘𝑎)  (1) 
 

where: I - the total investment on the system (see “Table 1” and “Table 3”); 
            ∑C- represents the amount of annual expenditure (“Eq.(4)”); 
           Ka   –  the value of the update coefficient (“Eq.(8)”). 

For each of the compared projects, one and the same time interval (study period) of 
duration T, in which a whole number of Tsn lifetimes can be assigned, is accepted. The 
duration of study chosen for both variants is 20 years. 

As a result of the development of the documentation estimate, the cost price for both 
versions of one-storey air-conditioning systems was determined. The calculations were made 
using the WinSmeta program, adapted and supplemented to the normative basis of the 
Republic of Moldova. 

Variant A - VRF air conditioning system, the value of the cost estimate is:  
Io = 1083518,98 lei. 
Variant B - chiller-fan coil system, the value of the cost of conversion is: 

            Io= 935709,83 lei. 
Additional costs are also included in determining the Global Cost, including: 

maintenance costs; current repairs; capital repairs; replacements and operating costs. 
Because the analyzed building works, all engineering systems, including the VRF air 

conditioning system, are serviced by dedicated staff. From the data obtained directly from 
the owner of the building, maintenance of one-storey engineering systems for: 

 service staff –  𝐶𝑠𝑒𝑟.𝑠𝑡. (unskilled workers) during one month pay 2143 lei; 
 and 1000 lei - for the engineering staff - 𝐶𝑒𝑛𝑔.𝑠𝑡. 

It follows that the costs for the salary payment of maintenance personnel during one 
year are: 

 𝐶𝑠𝑒𝑟.𝑠𝑡. = 2143 ∙ 12 ∙ 0.6 = 15428,4 𝑙𝑒𝑖/𝑦𝑒𝑎𝑟(2) 
𝐶𝑒𝑛𝑔.𝑠𝑡. = 1000 ∙ 12 ∙ 0.6 = 7200 𝑙𝑒𝑖/𝑦𝑒𝑎𝑟(3) 

where: 0.6 - occupancy rate, service staff and engineering staff, with service conditioning. 
Annually, air conditioning operations are provided, as well as operating costs. The type 

of works and their cost are specified in the contract for the provision of air conditioning 
operation services between the owner of the building and the service provider. The payment 
for the provision of this type of air conditioning system on one floor, referred to in the 
formulas as service installation costs, Cser.ins. - is 9400 lei / year. 

Energy costs are mentioned as a separate cost category, although these are considered 
as part of operational costs. Energy costs are based on consumption, building size, current 
rates and price estimates and are directly related to the result of the energy performance 
calculation. This means that energy costs depend on the system's building characteristics. 

Based on project data “Figure 2”, the power consumption for the VRF system , which 
consists of two KXV and KXVI systems, and the chiller - fan coil system, was determined.  

The KXV-VRF system comprises:  
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 two outdoor units: CMV-V400W / ZR1-B-40kW (refrigeration power) with an 
electric power of 11.05kW and second - CMV-V280W/ZR1-B-28kW with an electric 
power of 6.95kW ; 

  and 10 indoor units - V36G (one unit)  with an electric power of 0.058kW; V56 (2 
units) with an electric power of 0.06kW; V71 (2 units) - with an electric power of 
0.3kW; V80 (2 units) - with an electric power of 0.3kW; V90 (2 units) - with an 
electric power of 0,34kW; V120 (one unit) - with an electric power of 0,34kW. 

The KXVI-VRF system comprises:  
 two outdoor units: one CMV-V335W/ZR1-B-33kW (cooling power) with an 

electric power of 8.48kW and a second CMV-V280W / ZR1-B-28kW with an 
electric power of 6.95kW;  

 8 indoor units - V56 (one unit)  with an electric power of 0.06 kW; V71 (one 
unit)  with an electric power of 0.3kW; V80 (one unit) with an electric power of 
0.3kW; V90 (5 units) with a power output of 0.34kW. 

       The VRV air conditioning system consumes 33.43kWh of electricity. 
 

 
Figure 2. Plan of the office building with VRF system. 

The chiller - fan coil system comprises: 
 a chiller Clint  with a 161kW cooling capacity, and a 59 kWh with electricity 

consumption; 
  the 18 indoor units (fan coils) have a electricity consumption of 2.66kWh:  

- CST-800P30 (6 units)  with electrical power of 0.150kW; 
- CST-1000P30 (7 units) with electrical power 0.172kW; 
- CST-1200P30 (one unit) with electrical power 0.1949kW; 
- CST-400P30 (one unit) with electrical power 0,060kW; 
- CST-600P30 (3 units) with electrical power 0,106kW. 

3. Results 
The consumption and the cost of electricity during the cooling season are shown in 

Table 1. 
Table 1 

Electricity costs 
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Name- of 
the 

system 

Electric 
power, 

kW 

Number of 
working days 

per year, 

day 

Number 
of 

working 
hours per 

year, h 

Electricity 
consumpt

ion per 
year, 

kW / year 

Electrici
ty tariff 

lei / 
kWh 

Costs for 
electrici-
ty, Celec, 

 

lei/year 
 

VRV 38,18 June - 15 days 

July - 22 days 

August - 21 days 

September - 10 
days 

544 

20770 

2,18 

45279 

Chiller-
fan coil 

61,66 33543 73124 

 

The amount of annual expenses to determine with the relationship: 
  ∑ 𝐶 = 𝐶𝑠𝑒𝑟.𝑠𝑡. + 𝐶𝑒𝑛𝑔.𝑠𝑡. + 𝐶𝑠𝑒𝑟.𝑖𝑛𝑠. + 𝐶𝑒𝑙𝑒𝑐  , 𝑙𝑒𝑖/year  (4) 

where: ∑ 𝐶– represents the amount of annual expenditure; 

𝐶𝑠𝑒𝑟.𝑠𝑡. – service staff, lei/year; 

Ceng.st. – engineering staff, lei/year; 

Cser.ins  – as service installation costs, lei/year;  

Celec –costs of electricity, lei/year. 

 ∑ 𝐶𝑉𝑅𝐹 = 15428,4 + 7200 + 9400 + 45279 = 77307,4  𝑙𝑒𝑖/𝑦𝑒𝑎𝑟 

∑ 𝐶𝑐ℎ𝑖𝑙𝑙𝑒𝑟−𝑓𝑎𝑛 𝑐𝑜𝑖𝑙  = 15428,4 + 7200 + 9400 + 73124 = 105152,4  𝑙𝑒𝑖/𝑦𝑒𝑎𝑟 

For a faster visual comparison, the chart in “Figure 3” was constructed, representing 
the cost of purchasing and installing conditioning equipment, the cost of servicing 
installations and the cost of electricity consumed during the operation of the conditioning 
system during one year Table 1. 

 

 
Figure 3. Graphical representation of the initial costs and subsequent servicing of air 

conditioning plants over a year, thousands of lei/year. 
In addition to initial investment costs and current costs, regular replacement costs are 

introduced when determining the Global Cost, which is not considered as part of the 
maintenance costs, as occasionally for other cost structures. While smaller and consumable 
repair works are usually included in the maintenance cost category, periodic replacement 
refers to the required replacement of an entire element of the plant as a result of 
obsolescence, and therefore it is ensured that a separate category of costs. The period of 
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periodic replacement depends on the life of the installation element. At the end of its lifetime, 
a replacement should be provided in the Global Cost calculation. 

From the "Fixed assets and non-material assets catalog", as well as from the literature, 
the durations of use of components of air conditioning systems were identified, namely: 

 water supply systems for steel pipes -15 years; 
 copper freon pipes - 40 years; 
 steel air ducts -10 years; 
 air conditioning machines and apparatus fitted with a fan and electric motor and its 

own equipment for changing the temperature and humidity, including those for which 
the humidity cannot be adjusted separately - 8 years; 

 compressors used in refrigerated machines with built-in fan - 12 years. 
In “Figure 3” for example, alternative projects with different durations of use are 

represented. 
The graph in “Figure 4a” - represents the VRF air conditioning system and in “Figure 

4b” represents the chiller- fan coil system, where: 
I0  - represents the initial investment, which was determined with WinSmeta (“Table 

2”, “Table 3”); 
I1a – represents the investment for the dismantling and replacing of indoor air 

conditioning units over 8 and 16 years respectively. I1=I8+I16; 
I2a – represents the investment in dismantling and replacing the air ducts over 10 

years.  
I2 = I10; 

I3a – represents the investment in the dismantling and replacing of external 
conditioning units over 12 years. I3 = I12; 

I4a – represents the investment in dismantling and replacing steel pipes over 15 years. 
I4 = I15. 

 

 
Figure 4. Graphic representation of the period of use of components of air conditioning 

systems. 
 

Updating future cash flows (investments) (Iv) is made using the update coefficient (Ka): 
 Ia = Iv · Ka.  (5) 

 

where: Iv - future investments, which was determined with WinSmeta (“Table 2”, “Table 3”). 
 

Choosing the discount rate (r) to assess the efficiency of investment projects is a 
challenge. The r rate varies from project to project and changes over time [1]. It depends on 
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many factors such as: investor's financial condition, bank interest rate, tax structure and 
values, possible risk in economic activity, inflation, profitability of similar objectives, etc. 

The discount rate must be higher than the rate of return in that sector. The update 
rate r values used in calculations for energy projects are between 10-12%. It is customary to 
consider r the constant value during the study period [1]. In the paper, the discount rate was 
accepted at 10% (r = 10%). 

Table 2 

Variant A. Determination of total investments for the VRF system 

The 
system 

The initial 
investment, 

Io , lei 

Elements 
of the 
system 
that are 
changed 
during 

the 
study 
period 

Period of 
investment 

Value of future 
investments, Iv 

lei 

𝑲𝒂

=
𝟏

(𝟏 + 𝒓)𝒏
 

The 
updated 

investment, 
Ia , 
lei 

Investment 
total on the 

system 
I=I0+ 

(Ia
1+Ia

2+Ia
3), 

lei 

VRF 1083518,98 

Indoor 
unit Ia

1 
I8 
I16 

dismantling: 
31891,34 
replacing: 
326888,35 

2,143 
4,595 245499,82 

1541369,53 

Air ducts 
Ia

2 
I10 dismantling: 

6436,86 
replacing:  
145452,92 

2,594 58554,27 

External 
unit Ia

3 
I12 dismantling:  

13180,27 
replacing:  
469432,92 

3,138  
153796,46 

   for example: 

Ia
1 =  𝐼8 + 𝐼16 = (31891,34 + 326888,35)

1

(1+0,1)8 + (31891,34 + 326888,35)
1

(1+0,1)16 =

245499,82 𝑙𝑒𝑖     

Previously, the costs of maintenance and operation of air conditioning systems were 
determined. Their value was (Table 3): 

 

 

Table 3 

Variant B. Determination of total investments for the Chiller-fan coil system 

The 
system 

The initial 
investment, 

Io , lei 

Elements of 
the system 

that are 
changed 

during the 
study period 

Period of 
investment 

Value of 
future 

investments, 
Iv 

lei 

𝑲𝒂

=
𝟏

(𝟏 + 𝒓)𝒏
 

The updated 
investment, 

Ia , 
lei 

Investment 
total on the 

system 
I=I0+ 

(Ia
1+Ia

2+Ia
3+Ia

4), 
lei 
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Ciller-
fan coil 935709,83 

Indoor unit 
Ia

1 
I8 
I16 

dismantling: 
31891,34 

replacing: 
138085,86 

2,143 
4,595 

 
245499,82 

1430210,03 

Air ducts Ia
2 I10 

dismantling: 
6436,86 

replacing: 
145452,92 

2,594 58554,27 

External 
unit Ia

3 I12 

dismantling: 
7258,38 

eplacing: 
514457,20 

3,138 153796,46 

Steel pipes 
Ia

4 
I15 

dismantling: 
15371,77 

replacing: 
137713,84 

4,177 36649,65 

 

∑ 𝐶𝑉𝑅𝐹 = 77307,4  𝑙𝑒𝑖/𝑦𝑒𝑎𝑟  

     ∑ 𝐶𝑐ℎ𝑖𝑙𝑙𝑒𝑟−𝑓𝑎𝑛 𝑐𝑜𝑖𝑙 = 105152,4  𝑙𝑒𝑖/𝑦𝑒𝑎𝑟 

The value of the update coefficient will be determined for a period of 20 years with 
the relationship (r=0,1): 

 ∑ 𝑘𝑎 =   
1

(1+𝑟)1 + ⋯ +
1

(1+𝑟)20 (6) 

∑ ka = 0,909 + 0,826 + 0,751 + 0,683 + 0,621 + 0,564 + 0,513 + 

0,467 + 0,424 + 0,386 + 0,350 + 0,319 + 0,290 + 0,263 + 0,239 + 

0,217 + 0,198 + 0,180 + 0,164 + 0,148 = 8,512 

Finally, the value of the Global Cost for both variants of the air-conditioning system is 
determined: 

1) The Global Cost of the VRF type air conditioning system is: 

𝐺𝐶1 = 𝐼 + (∑ 𝐶𝑉𝑅𝐹 ∙ ∑ 𝑘𝑎) = 1541369,53 + (77307,4 ∙ 8,512) = 2199410,12𝑙𝑒𝑖  (7) 

2) The Global Cost of the chiller-fan coil air conditioning system is: 

𝐺𝐶2 = 𝐼 + (∑ 𝐶𝑐ℎ𝑖𝑙𝑙𝑒𝑟−𝑓𝑎𝑛 𝑐𝑜𝑖𝑙 ∙ ∑ 𝑘𝑎) = 1430210,03 + (105152,4 ∙ 8,512) = 

 = 2325267,26𝑙𝑒 (8) 

 

4. Discussions 
As a result of the calculations we have concluded that the GC1 of the VRV is less than 

the GC2 of the ciler-fancoil,  2 199 410,12 lei < 2 325 267,26 lei. 

When comparing variants based on global cost, we can determine the economic effect 
as a result of selecting the more convenient version of the air conditioning system: 

 𝐸𝑒𝑐𝑜 = 𝐶𝐺2 − 𝐶𝐺1  = 2325267,26 − 2199410,12 = 125857,14 𝑙𝑒𝑖 (9) 
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The Global Cost as well as the value of the economic effect were determined for a 
single level, but because the building has 6 office levels, the economic effect for the entire 
office area will be: 

𝐺𝐶1𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 = 2199410,12 ∙ 6 = 13196460,72 𝑙𝑒𝑖 

𝐺𝐶2𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 = 2325267,26 ∙ 6 = 13951603,76 𝑙𝑒𝑖 

𝐸𝑒𝑐𝑜 = 𝐺𝐶2𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 − 𝐺𝐶1𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 = 13951603,76 − 13196460,72 = 755142,84 𝑙𝑒𝑖. 

 

 

Figure 5. Comparison of the Global Cost of the VRF-type air conditioning and the chiller 
fan-coil system. 

5. Conclusions 
Following the study, it was found that: 
- the Life Cycle Model will be useful both for developing concepts for energy-efficient 

buildings in new buildings and for renovating existing buildings; 
- the Global Cost approach allows us to conclude that more expensive projects at the 

initial stage can become more lenient in the exploitation process over a long time horizon; 
- as a result of the calculations, it can be mentioned that the VRV type air conditioning 

system is more efficient than the chiller – fan coil climate system. The Global Cost (the capital 
commitment for 20 years) after this variant is lower - a high-quality building offers not only 
better comfort but also a return on investment, thanks to the saving of operating costs; 

- energy saving in the air conditioning system depends largely on building design 
solutions and the type of air conditioning system. 
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Abstract. The article starts with literature review on secondary metabolites, namely the 
iridoids contained in Linaria species (Scrophulariaceae). It describes the biological activity of 
the iridoid glycosides; the importance and the benefits of the secondary metabolites and their 
eventual application in organic plant cultivation. Is further elucidated the profile of the 
biologically active substances predominant in the purified extract of Linaria genistifolia (L.) 
Mill., named by us genistifoliosides. Are investigated the biological activity and the 
stimulating effect of genistifolioside aqueous solution in concentration 0.01% on the tomato 
seed germination, plants’ productivity (which is 33.9% higher) and the biochemical 
characteristics of the tomato fruit. It was elucidated, for the first time, the inhibitory effect of 
genistifolioside on the development of Alternaria alternata pathogenic fungi, affecting the 
vegetable crops; the 0.1% aqueous solution of genistifoliosides has the diameter of the fungi 
zone of inhibition 5.8 times bigger in comparison to the control sample and 4 times bigger in 
comparison to the certificated biopreparation. The purified extract of genistifoliosides 
exhibits properties of plant growth regulator as well as fungicidal properties and can be used 
in ecological agriculture. 
 

Keywords: Alternaria alternata, bioactivity, fungicidal, genistifoliosides, growth regulators, iridoids, 
tomatoes. 

 

   Introduction 
 According to the conducted research, Linaria species (Scrophulariaceae) contain a wide 

variety of biologically active substances, such as iridoids, alkaloids, flavonoids, diterpenoids 
and others. A great part of the substances contained in different species of Linaria was 
isolated in individual state, identified and the structure of the new compounds was 
determined [1-12]. Several studies have shown an increased content of iridoid glycosides in 
Linaria (L. dalmatica (L.) Mill. L. genistifolia (var. genistifolia and var. euxina) (L.) Mill. L. simplex 
(Wild.), L. pelisseriana, L. vulgaris (L.) Mill. and L. peloponnesiaca Bois & Heldr, L. aucheri, L. 
japonica MIQ) species, [3-12]. Iridoids represent a large group of cyclopenta[c]pyran 
monoterpenoids, which provide a biogenetical and chemotaxonomic link between terpenes 

mailto:angela.gurev@chim.utm.md
https://orcid.org/0000-0001-8493-5257
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and alkaloids and are found in the form of glycosides in plant families such as the 
Apocynaceae, Scrophulariaceae, Verbenaceae, Lamiaceae, Loganiaceae and Rubiaceae, etc. The 
most widespread iridoid glycosides in the vegetable world are derivatives of aucubin and 
catalpol Figure 1: 

 

 
 

a) b) 
Figure 1. a) Aucubin; b) Catapol. 

 

The conducted research has confirmed that the Linaria genistifolia (L.) Mill. species, 
widespread in the wild flora of Moldova, is a rich source of biologically active substances, 
such as iridoid glycosides [9]. The substances act as secondary metabolites that can protect 
plants against insects, fungi, bacteria and viruses. Some secondary metabolites, such as 
alkaloids and iridoids synthesized by plants, have a protective role for plants, but are toxic to 
mammals. In small quantities, alkaloids can be used in pharmaceuticals, while in large ones, 
they are used as insecticides and poison, [13]. In vitro and in vivo studies have revealed that 
iridoids have neuroprotective, anti-inflammatory, immune-modulatory, hepatoprotective, 
cardioprotective, anticancer, anti-oxidant, antimicrobial, hypoglycaemic, hypolipidaemic, 
choleretic, antispasmodic and purgative properties [14-17]. 

It is well-known the importance of the secondary metabolites of plants as 
phytonutrients (phenolic acids, flavonoids, phytoestrogens, iridoids, etc.), which are 
contained in the functional foods of vegetal origin and are beneficial for the human health, 
[18]. Secondary metabolites with antioxidant, fungicides and immune-modulatory properties 
may be also used as plant growth regulators [19-26]. Using natural growth regulators in the 
organic plant cultivation is an agronomic practice of great interest, economically efficient 
and non-polluting, which does not impact the environment and maintains the fundamental 
agricultural resources. Vegetables, cereals, fruits, berries, etc. grown ecologically, without 
pesticides, but treated with low concentrations of biologically active substances of vegetal 
origin, are valuable functional foods, indispensable to human nutrition. 

This study elucidates the biological activity of the purified extract of genistifoliosides 
(GE) obtained from Linaria genistifolia (L.) Mill. collected on the territory of Moldova, and 
describes the profile of the iridoid glycosides, which predominates in the above mentioned 
extract. In order to identify the main components, the fraction of iridoid glycosides (IGF) was 
obtained from the genistifoliosides extract by chromatographic methods. Research on the 
biological activity has shown that IGF exhibits strong fungicidal properties, but has a reduced 
activity as a growth regulator for vegetable plants; concurrently, GE exhibits both fungicidal 
and plant growth regulator properties [9, 24-26]. The conducted research and the 
bibliographic analysis suggest that the iridoids do not act in isolation, but may exert their 
properties when acting in synergy with other molecules e.g. polyphenols (acteoside, et.al.), 
which often co-occurs with iridoids [14]. Phyto synergy studies on iridoids (and other 
compounds) may be a rewarding research opportunity to better understand and unravel the 
complex interactions from which results a much stronger effect than that of an individual 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/alkaloids
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compound. Hence, the biological activity of GE, which can be easily obtained through 
economical methods, was investigated. 
   

Materials and methods 
 The plants of Linaria genistifolia (L.) Mill. were collected in flower from the scientific 

research field of Institute of Genetics, Physiology and Plant Protection, Kishinau, Moldova. 
The voucher specimen has been identified by the habilitated doctor in Biology Florea Vasile 
N. in the Laboratory of Natural Bioregulators. 

Obtaining the purified extract of genistifoliosides (GE) 
  Fresh crushed aerial parts of  Linaria genistifolia plant (500g) were extracted with 3 L 

of 50% aqueous ethanol. The ethanolic extract was concentrated through vacuum 
evaporation to an aqueous residue. The aqueous solution has been processed with chloroform 
(200 ml, 3 times), to remove lipids and chlorophyll and basified with NH4OH.  The aqueous 
fraction was dried in vacuum in the form of an azeotropic mixture with butan-1-ol, the residue 
was treated with acetone and dried, obtaining so a purified extract of genistifoliosides, as a 
beige powder of 7.8% yield. A major content of iridiod glycosides and a reduced content of 
polyphenol compounds and sugars were detected in the GE by a thin layer chromatography 
on Silufol plates, with the chloroform:methanol:water mobile phase (65:35:10, v/v/v) and in 
the presence of authentic samples. Under UV-250nm ultraviolet light, the spots of the 
polyphenolic compounds became fluorescent. The chromatogram was developed by spraying 
with Ehrlich reagent (2.0g of p–dimethylaminobenzaldehyde (DMAB) in 50 ml of 
95% ethanol and 50 ml of concentrated  hydrochloric acid). The spots of the iridoid glycosides 
became reddish-brown and the spots of the polyphenols turned blue. Were detected 7 spots 
that belong to iridoid glycosides and 2 spots that belong to polyphenols. 

 

Obtaining the iridoid glycosides fraction (IGF) 
 5.0g of GE was applied on the Sephadex LH-20 column. The column was eluted with 
mixture of MeOH-H2O (1:10 v/v); the collected eluates were combined according to the 
chromatographic mobility (TLC on the Silufol) and evaporated through vacuum distillation to 
dryness. A fraction of 3.6g of iridoid glycosides was obtained, for which was registered the 
FT-IR spectra (the Bruker Vertex 70 spectrophotometer in the 400–4000cm−1 range). The IGF 
was further chromatographed on silica gel columns until obtaining 4 main components; the 
structure of the iridoid glycosides was determined through 1H and 13C NMR spectroscopy and 
comparison with bibliographic data [9]. 
 

 Testing the biological activity of GE 
 In order to select the optimal solution concentration and exposure time, the growth 

regulating activity of GE on plants was tested under laboratory conditions. Tomato seeds were 
treated with 0.0001%, 0.001%, 0.005% and 0.01% aqueous solutions, with the exposure time 
ranging from 15 minutes to 24 hours. As a control version the water soaked seeds were 
employed. For each case, 4 repetitions of 100 seeds each were made. The plant response was 
assessed on the basis of its germination, the length of embryonic root and seedling [27]. 
Before being sown, the tomato seeds were wetted by spraying with the most effective GE 
solution (0.01%), deriving from the 300ml of solution per 10kg of seeds.  After 20 minutes 
(the optimal exposure time), the seeds were dried to free-flowing and sown in open field. The 
plants on the experimental fields were wetted by drip irrigation. The influence of GE on the 

https://en.wikipedia.org/wiki/Ethanol
https://en.wikipedia.org/wiki/Hydrochloric_acid
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tomatoes’ productivity and biochemical indicators [28] was determined at the Institute of 
Scientific Research In Agriculture. 

 To assess the fungicidal properties of the GE, under laboratory conditions, was applied 
the paper disc method [29]. The agar nutrient potato-glucose medium was melted and 
inoculated with Alternaria alternata. Inoculated medium was poured in sterile Petri dishes, 
20ml each. After solidification, filter paper discs, soaked with 0.1%, 0.01%, 0.001% GE aqueous 
solutions and 0.01% Ecostim solution (certificated biopreparation) [26], were placed on the 
surface of the medium. The water soaked discs served as a control. The experiment was 
carried out in 3 replicas. The Petri dishes were kept for 7 days in the thermostat at 250С. The 
diameter of the fungi inhibition zones was measured with the ruler. The average value of the 
size, the absolute error and the average absolute error were calculated. 

 

Results and discussions 
From the L. genistifolia (L.) Mill. plant, collected on the territory of Moldova during its 

blossom, was obtained the purified extract of genistifoliosides (GE), the iridoid glycosides 
being detected in it as major products and polyphenols as minor products by thin-layer 
chromatography on the Silufol plates. The iridoid glycosides were separated by placing the 
GE on the Sephadex column and eluating the fraction of iridoid glycosides (IGF), for which 
the FT-IR spectra was registered, Figure 2. As per the absorption bands, we conclude that the 
mixture consists of glicosylated compounds (absorbtion bands νmax [cm-1] 2900-2850, 1150-
918 belong to sugars). The glycosylated iridoids were further isolated by silica gel 
chromatography column. By physic-chemical methods, 1H and 13C NMR spectroscopy and by 
comparison with bibliographic data, was determined the structure of the 4 iridoid glycosides 
with a major content of: 5-O-allosylantirrinoside, antirrinoside, linarioside and 6-β-
hidroxiantirride [9]. 

According to the bibliographic data, L. genistifolia plant also contains other iridoid 
glycosides: 5-O-glucosylantirrinoside, antirride, genistifolin, E- and Z- p-
coumaroylantirrinoside; genistifolin being considered the taxonomic marker of L. genistifolia 
[4]. 

 

 
Figure 2. FT-IR spectra of iridoid glycosides fraction from Linaria genistifolia. 

 

The recent study of the biological activity indicates that IGF exhibits fungicidal activity 
against Fusarium oxysporum and Helminthosporium avenae pathogenic fungi root rot [9]; 
however, the treatment of the tomato seeds before sowing with an IGF solution resulted into 
an inhibitory effect on the germination. 

A plant growth stimulating and prominent antifungal activities were determined after 
applying the GE solutions [24-26, 30]. This could be explained by the synergistic action of all 
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the extract’s components (iridoid glycosides and polyphenols), also noted by other researches 
[14]. 

Laboratory tests with aqueous solutions of GE, of different concentrations (0.0001%, 
0.001%, 0.005% and 0.01%) and with tomato seeds’ soaking time varying from 15 minutes to 
24 hours, were conducted before open field usage. It was determined that treating the seeds 
with GE increases germination, while the length of the embryonic root and seedling is higher 
in comparison to the control group (water). Following the results of the laboratory tests, were 
selected the optimal exposure time and the optimal concentration of the GE solution (0.01%).  
In mechanical sowing, pre-sowing soaking of seeds for a long time is not recommended 
because of their swelling. Since no significant differences in germination rates from soaking 
time were found during laboratory testing, we recommended soaking the seeds for 20 
minutes in field tests. 

Treating the tomato seeds before sowing in open field with a 0.01% of genistifoliosides 
solution obtained from L. genistifolia, influenced the plant germination and productivity. 
Indicators of field germination of tomatoes on the 20th day after sowing with the use of 
treated seeds exceeded the control variant by more than 2 times, which ensured the 
appearance of simultaneous and aligned shoots. The use of the GE had an impact on the date 
of entry into the fruiting phase of tomatoes: plants began to bear fruits 2-4 days before the 
control. Yield was higher than in the control variant by 10.3t·ha-1, which is 33.9%,”Table 1”.  
Additional 10.3t·ha-1 of tomato fruits were obtained at the experimental production sites. 

Table 1 
The effect of GE from Linaria genistifolia on productivity of tomatoes. 

 Variant                                                Yield                                      ± compared to control 
                                                               (t·ha-1)                                                (t·ha-1)                          
 Control,  H2O                                           30.4                  
 GE                                                            40.7                                                     10.3 
HPC 0.5                                                       6.9 

 

Studies of the chemical composition of tomato fruit allowed to determine that the use 
of secondary metabolites GE had a stimulating effect on the biochemical characteristics of 
the final product  ”Table 2”. Thus, pre-sowing treatment of tomato seeds with a solution of 
GE provided a 12.3% increase in the content of vitamin C in fruits and a 10.3% decrease of 
acidity, compared to control samples. 

 

 Table 2 
Influence of GE from Linaria genistifolia on the quality of tomato fruit. 

Variant                Dry matter           Total sugar               Acidity                     Vitamin C 
                                   ( %)         *               (%)          *              (%)          *              (mg·100g-1)         
* 
Control,  H2O           5.4                           3.0                          0.39                           21.1 
GE                            4.8      -11.1             2.7      -10.0           0.35      -10.3             23.7             
12.3 
               НСР0,5                0.5                           0.4                          0.1                               4.8 

Note: * % to the control 
By testing the fungicidal action of the GE extract, obtained from L. genistifolia plant, it 

has been proven that genistifoliosides inhibit the development of pathogenic fungi Alternaria 
alternata, a fungus which has been recorded to cause leaf spot and other diseases to over 380 

https://en.wikipedia.org/wiki/Leaf_spot
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host species of plant.  This pathogen infects tomato plants and is often referred to as 
Alternaria stem canker of tomato.  

The recorded results have shown that the highest fungicidal activity has an aqueous 
solution of GE with a concentration of 0.1%. The diameter of the inhibition zones of Alternaria 
alternata fungi is 5.8 times bigger in comparison to the control sample and 4 times bigger in 
comparison to the certificated biopreparation solution, ”Table 3”. 

Table 3. 
The influence of GE on Alternaria alternata fungi development. 

Variant                         Mass fraction                Fungi inhibition diameter zone 
                                         (%)                                     (mm)                           *                     **  
Control, H2O                                                            4.3±0.4                    
Ecostim                        0.01                                 6.3±0.9                     <0.5                 
GE                                    0.1                                   25.0±0.7                     <4.8                 < 
3.0 
GE                                    0.01                                 20.7±1.1                     <3.8                 < 
2.3 
GE                                    0.001                               12.3±0.4                     <1.9                  
<1.0 

Note: * -  % to the control,  
        ** -  % to Ecostim (the certificated biopreparation solution). 
 

Conclusions 
The profile of the iridoid glycosides contained in the purified extract of genistifoliosides, 

obtained from Linaria genistifolia (L.) Mill. plant, collected on the territory of Moldova, was 
described.  In order to identify the main components, the fraction of iridoid glycosides was 
obtained by chromatographic methods. Further was investigated the biological activity of the 
genistifoliosides. It was determined that treating the tomato seeds before sowing with an 
0.01% aqueous solution of genistifoliosides, stimulates the seed germination, increases the 
plant productivity by 33.9% and influences tomato’s biochemical indicators. For the first time, 
it was elucidated the inhibitory effect of the genistifoliosides on the development of the 
Alternaria alternata pathogenic fungi that affects the vegetable crops. It was determined that 
the 0.1% aqueous solution of genistifoliosides has the diameter of the fungi zone of inhibition 
5.8 times bigger in comparison to the control sample and 4 times bigger in comparison to 
the certificated biopreparation. The research carried out proved that the purified extract of 
genistifoliosides exhibits both plant growth regulator properties and fungicidal properties 
and can be applied in the ecological agriculture. 
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Abstract. Wine spoilage could be caused by a lot of genera and species of yeasts. One of the 
most damaging is Brettanomyces/Dekkera which causes severe quality problems in the wine 
industry. Timely detection of these organisms in wine is of crucial importance for preserving 
wine quality. The conventional methods of diagnostics are often time-consuming and 
laborious. For this, molecular-based methods of rapid testing, particularly real-time PCR are 
gaining increasing importance. In this work, the potential of the real-time PCR method in 
microbiological monitoring of wines was evaluated, and analysis process according to the 
PIKA WeihenstephanTM SO Detection Kit H Brettanomyces/Dekkera protocol was optimized. 
 

Key words: Red wine, spoilage yeast, DNA extraction, detection kit Brettanomyces/Dekkera, real-
time PCR, volatile phenols, cycle quantification (Cq). 

 

Introduction 
Wine spoilage  could be caused by a lot of genera and species of yeasts. One of the 

most serious yeast genus in wine spoilage is Brettanomyces/Dekkera which causes severe 
quality problems in the wine industry. This genus exists in two forms: Brettanomyces, the 
asexual, non-sporulating form, and Dekkera, the sexual, sporulating form [1] and was first 
described by Claussen in 1903 in beer production [2]. There are five recognized species of 
Brettanomyces/Dekkera genus: D. anomala, D. bruxellensis, B. custersianus, B. naardenensis and 
B. nanus [1, 3] 

Brettanomyces/Dekkera species are isolated from the grape, during fermentations, 
ageing and after bottling [4]. Brettanomyces/Dekkera yeasts are well adapted to high ethanol 
concentrations and low pH which allows its to develop in difficult environments, such as wine 
[5]. 

Different strains of Brettanomyces/Dekkera species have been found on grape surfaces 
(in the field), in the wine samples, specially various red wine varieties and in the 
contaminated equipment in the winery as well as old oak barrels that have been insufficiently 
cleaned and disinfected after use. Also, insects, specially fruit flies, are important vectors. These 
potential spoilage yeasts have been identified in almost every wine-producing area of the 
world [6].  

mailto:dan.zgardan@enl.utm.md
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The growth of Brettanomyces/Dekkera in wine has been associated with various forms 
of spoilage including cloudiness and pellicle formation, have harmful effects on flavour.  
Depending on the conditions and precursors available, these yeasts can produce acetic acid, 
contributing to wine's volatile acidity; tetrahydropyridines that are reminiscent of mouse-
urine (mousiness); isovaleric acid, known for a rancid cheesy aroma and volatile phenols, like 
4-ethylphenol and 4-ethylguaiacol. 

 

Table 1 
The chemical compounds produced by Brettanomyces/Dekkera yeasts [7] 

Compound Character 
4-EP (ethyl phenol) Band-aid, elastoplast 

4-EG (ethyl guaiacol) Smoky, spicy, cloves 
4-EC (ethyl catechol) Sweaty, horsey 

Isovaleric acid Rancid, cheesy, vomit 
Combination of all the above Horsey, barnyard, mouldy 

The quality of wine is considered to be mainly affected by the accumulation of 4-
ethylphenol and 4-ethylguaiacol. Actually there are six compounds responsible for the 
phenolic flavour: 4-ethylguaiacol, 4-ethylphenol, 4-ethylcatechol and their precursors 4-
vinylguiacol, 4-vinylphenol and 4-vinylcatechol. This is clearly seen in “Figure 1”. 

 

 
Figure 1. The formation of volatile phenols from their hydroxycinnamic acids precursors 

[8]. 
 

Volatile phenols found in wines are microbial derived product formed from 
hydroxynnamic acids naturally present in grapes [9]. Vinylphenols (4-vinylphenol and 4-
vinylguaiacol) and ethylphenols (4-ethylphenol and 4-ehtylguaiacol) may be produced in 
wine, in a sequential pathway, due to microbial activity, imparting undesirable odours and 
flavours. Mainly, they are formed by metabolism of hydroxycinnamic acid (ferulic, pcoumaric 
or caffeic acid) substrate by Brettanomyces/Dekkera yeast which involves the sequential action 
of two enzymes. Hydroxycinnamate decarboxylase first turns these hydroxycinnamic acids 
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into hydroxystyrenes (vinylphenols), which are then reduced to ethyl derivatives by 
vinylphenol reductase (“Figure 1”). 

Several strategies have been applied to prevent the development 
of Brettanomyces/Dekkera during wine production. Among them there are improved hygiene, 
monitoring of nutrients and residual sugars during the fermentation and at the end of it, 
temperature control, use of sulphur dioxide, avoidance of old oak barrels, etc. 

The methods of detection and quantification of Brettanomyces/Dekkera contamination 
are essential to preventing wine spoilage. These methods conventionally can be divided into 
two groups: microbiological and molecular methods. Microbiological methods can take a 
longer time, 1 to 2 weeks and rely on growth on semiselective culture media or selective 
culture media, followed by final identification by biochemical and physiological analysis and 
morphology as determined by microscopic examination [6]. 

In this regard, the molecular biology methods for rapid detection and identification of 
Brettanomyces/Dekkera based on polymerase chain reaction (PCR) analysis of the isolated DNA 
have been developed. 

 

Table 2 
PCR methods used to identify Brettanomyces/Dekkera in wine [4] 

Molecular tools of 
identification by PCR 

DNA region targeted 
by PCR primers 

References Identifying 
information 

Species specific PCR RAD4 gene [10] 
 

Amplicon of certain 
size 

PCR-RFLP 5,8 S rDNA gene and 
the two internal 
transcribed spacers 
(ITS1 and ITS2) 

[11; 12] Enzymatic restriction 
pattern (after 
amplicons digestion) 

PCR-DGGE D1/D2 domains of the 
rRNA 26S gene 

[6;13] Specific front of 
migration 

Multiplex PCR Internal transcribed 
spacer region (ITS) or 
26S rDNA 

[3] Specific front of 
migration 

LAMP-PCR Internal transcribed 
spacer region (ITS) 

[14] Specific front of 
migration; real time 
melt curves analysis 

Quantitative PCR RAD4 gene [15; 16] Real time melt curves 
analysis 

 

Traditional PCR methods require amplification of target DNA in a thermocycler and 
product separation by gel electrophoresis followed by visual detection [17]. This is a time-
consuming, laborious and non-automated process. However, the products of the PCR can also 
be detected by using fluorescent probes in quantitative real-time PCR. The labelled probe 
anneals to the target DNA during the reaction and amid DNA extension emits a fluorescent 
signal that can be registered by a light cycler. The concentration of fluorescence released is 
proportional to the concentration of PCR product generated at each cycle. Real-time PCR 
assay is automated, sensitive and rapid, because it reduces or even eliminates lengthy 
enrichment and isolation processes [18]. It can also quantify PCR products with greater 
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reproducibility while eliminating the need for post-PCR processing, thus preventing carryover 
contamination.  

Real‐time PCR has already been successfully used as a tool to detect foodborne 
organisms in water [19] or in products such as wine [4; 15; 16; 20; 21; 22; 23; 24], fruit juice 
[25], milk [26], cheese [27]. 

The main goal of this research was to evaluate the potential of the real-time PCR 
method in microbiological monitoring of wines and to optimize the analysis process 
according to the PIKA WeihenstephanTM SO Detection Kit H Brettanomyces/Dekkera protocol 
[28]. In order to achieve the proposed goal we have studied: 

1) the dependence of quantification results (Cycle quantification – Cq) of RT-PCR on 
analysed DNA concentration in solutions;  

2) the suitability of Hard Shell PCR Plates Biorad and PCR tubes 
Rnase/Dnase/Endotoxin free for Brettanomyces/Dekkera detection by RT-PCR; 

3) the suitability of two DNA amplification master mix, TaqMan®Universal Master Mix 
II and Platinum®PCR SuperMix for Brettanomyces/Dekkera detection by RT-PCR. 
 

Materials and methods 
The real-time polymerase chain reaction (real-time PCR) was first introduced in 1992 

by Higuchi and coworkers [29] and allows precise quantification of specific nucleic acids in a 
complex mixture by fluorescent detection of labeled PCR products. Fluorophore-coupled 
nucleic acid probes interact with the PCR products in a sequence-specific manner and provide 
information about a specific PCR product as it accumulates. Detecting the PCR product in 
real-time involves the use of specific fluorescent probe (e.g., Taqman) or nonspecific dye (such 
as SYBR Green I) [30]. 

In our research molecular detection of Brettanomyces/Dekkera  has been done using 
Taqman probe [28] at real-time PCR Detection Systems CFX96 TouchTM BIORAD as described 
in the protocol, supplied by the producer. The qPCR reaction was carried out according to 
manufacturer’s protocol. Unless specified otherwise, TaqMan Universal Master Mix II, no UNG 
was used for the reaction. 

For the serial dilutions experiment, we made 5, 25, 125 and 625 serial dilutions of the 
control DNA of Dekkera (supplied by the manufacturer as a positive control). For the negative 
control sample, the corresponding amount of water was used instead of DNA. The qPCR was 
carried out in the hard shell PCR plates “Biorad” 

 

For the tube suitability testing experiments, the tubes 
(ISOLAB Rnase/Dnase/Endotoxin free) were used instead of 
the plates. We used a negative control sample, a sample 
containing control DNA and a 5-fold dilution of the control 
DNA for this experiment. 

For the reaction mixture suitability test, we used 
Platinum PCR Supermix (Invitrogen). A sample containing 
TaqMan Universal Master Mix II was used as a positive 
control.  

The detection of Brettanomyces/Dekkera was done at  
FAM™ (520 nm emission) channel, of Internal Positive 
Control  at  VIC® (550 nm emission) channel. Cycling 
conditions are shown in “Figure 2”. 

Figure 2. Thermal cycling 
program [PIKA]. 

https://onlinelibrary.wiley.com/doi/full/10.1111/j.1472-765X.2006.02075.x#b4
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Results and discussion 
At the first stage of our research the dependence of PCR quantification results (Cq) on 

analysed DNA concentration in solutions have been revealed. The DNA amplification and 
analysis have been done in hard shell PCR plates “Biorad”. The analyzed DNA was supplied 
as a part of the PIKA Weihenstephan kit for Brettanomyces/Dekkera detection as a positive 
control.  

As “Figure 3a” and “Figure 3b” show, the amplification was successful. 
 

  
Figure 3a. Amplification plot obtained by 
fluorophor FAM for Brettanomyces/Dekkera 

detection. 

Figure 3b. Amplification plot obtained by 
fluorophor VIC for internal control. 

 

Table 1 
RT-PCR data analysis 

Sample DNA content Cycle quantification, Cq 
FAM* VIC** 

A 01 0 μL (NC) N/A 29.98 
B 01 5 μL 26.20 30.55 
C 01 1/5 μL 29.68 29.92 
D 01 1/25 μL 33.14 29.85 
E 01 1/125 μL 38.78 30.09 
F 01 1/625 μL N/A 29.82 

* ‒ 520 nm: ** ‒ 550 nm  
 

In case of Internal Positive control (“Figure 3b”, “Table 1” VIC), the Cq values are similar 
for all samples and lie in the range of 29.8 and 30.55, meaning no inhibition of qPCR. In case 
of Brettanomyces/Dekkera detection (“Figure 3a”, “Table 1” FAM), the results range from no 
amplification in the negative control sample, with no DNA (FAM Cq value N/A) to Cq value 
26.2 in case of undiluted DNA. Each subsequent dilution gave a higher Cq value (29.68 for a 
5-fold dilution, 33.14 for 25-fold dilution and 38.78 for a 125-fold dilution. The 125-fold 
dilution was the last dilution where DNA could be detected, with the next dilution (625-fold) 
giving no Cq value, proobably because the amount of the DNA was below the detection limit.  

“Figure 3c” shows the correlation of the cQ value with the DNA concentration with the 
correlation coefficient (R2) 0,9838. 
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At the second stage of our research the 
suitability of PCR tubes (ISOLAB 
Rnase/Dnase/Endotoxin free) for 
Brettanomyces/Dekkera detection by the 
RT-PCR have been studied. 

So, three samples (no DNA 
negative control, undiluted 
Brettanomyces/Dekkera DNA and a 5-fold 
dilution of this DNA) were tested in the 
ISOLAB tubes.  

As one can see from the “Figure 4”, 
both amplification and fluorescence 
detection be done in these tubes using the instrument. “Figure 4b”, “Table 2” VIC) show the 
results of the detection through VIC channel. Cq values are similar for all samples, ranging 
from 29.41 to 30.16, which mean that no inhibition of the reaction, problems with 
temperature regimen during amplification or fluorescence detection occurred.  

The data obtained through FAM channel (“Figure 4a”, “Table 2” FAM), corresponding 
to the Brettanomyces/Dekkera DNA also look as expected, with not detected Cq value for the 
negative control (no DNA sample), lowest Cq value 25.43 for the undiluted DNA, and higher 
Cq value 27.15 for the 5-fold diluted sample. Thus, the tested tubes were suitable for 
performing this kind of analysis. 

Table 2 
RT-PCR data analysis 

 

* ‒ 520 nm: ** ‒ 550 nm  
 

 
Figure 3c. Correlation curve of the Cq value 

with the DNA concentration. 

  
Figure 4a. Amplification plot obtained by 
fluorophor FAM for Brettanomyces/Dekkera 

detection. 

Figure 4b. Amplification plot obtained by 
fluorophor VIC for internal control. 

Sample DNA content Cycle quantification, Cq 
FAM* VIC** 

C04 0 μL (NC) N/A 30.16 
D04 1/5 μL 27.14 29.19 
E 04 5 μL 25.43 29.41 

y = 5.8951x + 25.77
R² = 0.9838
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At the third stage of our research the suitability of two DNA amplification master mixes 
for Brettanomyces/Dekkera detection by the RT-PCR have been studied. One was TaqMan 
Universal Master Mix II, no UNG recommended by manufacturer, the other one was Platinum 
PCR supermix (Invitrogen).  As it can be seen from “Figure 5”, we used a no DNA negative 
control, a five-fold dilution of the Brettanomyces/Dekkera DNA and undiluted 
Brettanomyces/Dekkera DNA with Platinum PCR supermix, as well as undiluted 
Brettanomyces/Dekkera DNA with TaqMan Universal Master Mix II, no UNG as a positive 
control.  

  
Figure 5a. Amplification plot obtained by 
fluorophor FAM for Brettanomyces/Dekkera 

detection. 

Figure 5b. Amplification plot obtained by 
fluorophor VIC for internal control. 

 
As shown in “Figure 5a”, “Figure 5b” and the “Table 3”, the only sample in which 

fluorescent signal was detected was the sample containing TaqMan Universal Master Mix II, 
nTaqMan Universal Master Mix II, nTaqMan Universal Master Mix II, with Cq value 28.7 on 
FAM and 30.19 on VIC channel.  

Table 3 
RT-PCR data analysis 

Sample DNA content Cycle quantification, Cq 
FAM* VIC** 

B04 0 μL (NC) N/A N/A 
C04 (1/5 μL) N/A N/A 
D04 (5 μL) N/A N/A 
E04 (5 μL) 28.70 30.19 

* ‒ 520 nm: ** ‒ 550 nm  
 
This means it was the only sample in which DNA amplification took place. No value 

on either FAM or VIC channel was detected for any of the samples containing Platinum PCR 
supermix, which means this PCR mix is not suitable for this kind of analysis.  
 

Conclusions 
 The qPCR using  PIKA Weihenstephan detection kit can be used for detection of 

Brettanomyces/Dekkera using TaqMan Universal Master Mix II. The Cq values have a good 
correlation with the amount of Brettanomyces/Dekkera DNA present in the analyzed sample. 
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The PCR tubes (ISOLAB Rnase/Dnase/Endotoxin free) are suitable for this kind of 
analysis with the real-time PCR Detection Systems CFX96 TouchTM BIORAD, and can be used 
as a substitution for hard-shell BIORAD 96-well plates. 

Platinum PCR supermix (Invitrogen) is not suitable for qPCR amplification, and cannot 
be used as a substitution for TaqMan Universal Master Mix II.   
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Abstract. The roots of many great Romanians are coming, genealocically speaking, from the 
Romanian villages. One of these great Romanians was born in Bucharest, but his father was 
born in Craiova, and his grandfather in Perişor-Dolj, having roots that go back to Tudor 
Vladimirescu. He studied in his home country, but his activity was acknowledged abroad. 
Being interested in aeronautics, he studied hard and he had numerous inventions  
(250 patents). He came back to his homeland in order to initiate the technical activity. After 
doing that, he left to meet his father, and his grandfather, and maybe with Tudor 
Vladimirescu, and maybe with other Romanian creators. This great Romanian was Henri 
Coandă. 
 

Keywords: Jet aircraft, Henri Coandă, Coandă effect, lens-shaped aerodyne, 
 

A Short Biography 
He attended „Sfantul Sava” National College of Bucharest and the Military High School 

of Iasi, which he graduated the head in his class in 1905, with the rank of an artillery officer. 
Passionate of flying technique, he built at the Army Headquarters in Dealul Spirii, between 
1905 and 1906 model rackets and a jet aircraft with a turbo-propulseur. He was only 19 then. 
However, he was aware that he could not finalize his ideas without a scientific theory. This 
is why he went and studied mechanics at “Technische Hochschule” from Charlottentburg 
(Berlin), he attended the courses of the Science University of Liège (Belgium) and of the 
Electrotechnics Institute of Montefiore, then the Aeronautics Superior  
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School of Paris. In order to check experimentally the results of the theoretical research, 
he built, with the help of the already famous Gustave Eiffel and of the savant Paul Painlevè, 
a platform mounted on a locomotive. It reached a speed of 100 km hour on Paris- Saint 
Quentin railway. Henri Coandă studied quantitatively some aerodynamic phenomena, a 
"flying saucer" shaped aircraft that used an unspecified source of high-pressure gases to flow 
through a ring-shaped vent system. The photos taken during the experiments allowed him to 
bring a significant contribution to the shape of the wings, his results being used by other 
plane builders. 

 

Jet Aircraft 
In October 1910 he displayed at the Second International Aeronautics Show, organized 

at Paris, in the sumptuous Grand Palais on Champs-Elysèe, the aeroplane without a propeller 
COANDĂ- 1910. The aeroplane was distinctive due to its dark-red colour, but also due to its 
numerous original elements: the lack of a propeller, the main bars mounted on the wings 
were made of an iron alley instead of wood, they were covered in a thin plywood instead of 
cloth used until then, the wings were curved, their thickness was constant except the edges, 
and their shape   was rectangular with rounded ends, the two wings had different lengths, 
and the superior wing was positioned in front of the inferior one, being shorter for the 
currents formed round the wings not to interfere.  All these solutions resulted from the 
experiments carried out on a mobile stand. Moreover, the gas tank was placed inside the 
superior wing, a solution which is used vene today. Of course, many people didn’t believe 
that the plane could fly using a propulsion mode than was revolutionary at that time. The 
visitors and the specialists could not accept that a aeroplane without a propeller could fly. 
Nobody had seen such a thing before. But Henri Coandă, a genius, imagined a solution. Maybe 
the discussions he had with the visitors, maybe enthusiasm made Henri Coandă go with his 
jet on the 16th of December 1910 on the field from Issy-les-Moulineaux in order to check the 
engine. Here is what Henri Coandă wrote in a letter sent in 1964 to Constantin C. Gheorghiu, 
member of the International Association of the Aeronautics History: ” ... few minutes after the 
engine heating, I operated the stick and the plane started moving faster and faster, then it 
took off too fast, it wasn’t my fault, but at a certain moment it leant on one side, it fell down 
and it burnt completely. My luck was that I didn’t fasten the seat belt, so I was thrown out 
and I wasn’t burnt”. Nevertheless, he was hurt. His left hand was broken, being forced to cease 
his sculpture lessons he was taking from the famous Rodin. This attempt was the first flight 
of a jet aircraft. The media (Le Tèchnique Aèronautique no. 21 from 1910 ) noticed that „The 
Coandă jet is one of the few jets with everything new, and the rational and detailed way the 
inventor uses in order to build a new plane is a sufficiently strong reason for us to examine 
carefully the means the inventor uses in his invention”. 

He built other planes, but with propellers. Between 1911 and 1914, as a technical 
manager of Bristol Plants in England, he built a monoplane aircraft, then a biplane one, which 
were named Bristol- Coandă. Between 1914 and 1916 he worked at Dalauney- Belleville from 
Saint-Denis, he designed and built three different models of propeller jets, including the 
Coandă-1916, with two propellers mounted close to the tail.   

 

Other inventions 
His creative spirit can be observed in other fields, too. In 1914 he invented the rocket 

cannon for aviation which didn’t put any pressure on the jet structure. In order to use less 
metal, he built reservoirs and wagons made of reinforced concrete. He built an oceanic tank 
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for oil storage.  He invented the material called bèton-bois, more resistant than wood, used 
for ornamenting the buildings. In 1925, the architect I.A. Berindei used it for the interior 
decorating of the Culture Palace of Iaşi. He designed equipment for extracting salt from sea 
water. 

 

Coandă Effect 
Everything that is bad can become good one day, the Romanians like to say. And not 

only they. During his unplanned flight on the 16th of December 1910, Henri Coandă was 
captivated by the image of the flames which were coming out from the two sided nozzles 
that glued on the craft fuselage. Maybe this is why he didn’t manage to control the plane, but 
this observation reained in his mind for almost ten years. He found the explanation and he 
did even more. On the 8th of October 1934 he patented “The Procedure and the device for 
diverting a fluid into another one. Later, professor Albert Mètral named this patent ”Coandă 
effect”. The main idea of the phenomenon: the tendency of a very thin stratum of fluid to glue 
to the walls of the recipient it is put in.  if this thin stratum of fluid is evacuated through a 
narrow slot, on a rounded solid surface, the fluid jet turns around with 1800 towards the 
direction of the fluid flow. Most of the Coandă effect applications are in aviation, but it can 
also be used in sprayers or ventilation systems in closed spaces. 

 

Lens-shaped aerodyne and outer space flights 
One of the most important Henri Coandă’s inventions, lens-shaped aerodyne, known 

also as “flying saucer” was designed in1935. He said:”I want to use a new concept in designing 
a flying machine, a concept that denies all the previous ones. I consider that the plane for the 
future should take off vertically, should fly in any position, with any speed, should be able to 
stop in the air and to land also vertically. In order to achieve this, no moving parts should be 
used in this plane”. Remarkable vision… 

His name is also mentioned in relation to some of the accomplishments regarding the 
man’s flights to outer space. Among others, he is considered the inventor of some extremely 
complex technical devices, named ”flying epaulettes” which were used to brake down the 
lunar module of “Apollo 11” and “Apollo 12” during moon landing. 
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The Homeland Call 
 Henri Coandă imagined a system for moving the recipients within a tube using the 

pressure difference from its two ends. The system, called “aero-tube”,  assures the move of 
the recipients with a speed of 500 km/h from Bucharest to Ploiesti and from Ploiesti to Brasov. 

In order to carry out the Henri Coanda project, he came back to Romania for good, in 
1969, being appointed manager of the Institute of scientific and technical Research –
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INCREST, which still functions. Then, he successfully tested the “aero-tube” at the practical 
base from Măneciu-Ungureni. 

He was elected Member of the Romanian Academy on the 16th of December 1970. 
 

 
 

He died on the 25th of November1972. He is buried in Bucharest, at Bellu Cemetery, in family’s 
tomb. 
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