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Abstract. The paper deals with the development of precessional gears with toothed gearing 
D,
CV CVA β

−  with concave-concave contact of inclined teeth. In order to increase the bearing 
capacity and the mechanical efficiency of the precessional gear, the contact of the teeth is 
concave-concave with little difference of the curvature radius of the conjugated profiles, 
and to reduce the frictional sliding in the contact the teeth are inclined. In order to make 
the gearing D,

CV CVA β
−  with inclined teeth, there was developed the process of generating the 

inclined teeth cil ,
m.axG β  with cylindrical tool on numerically controlled multi-axial machine 

tools. 
 

Keywords: precessional transmissions, concave-concave contact of inclined teeth, mathematical 
modeling of tooth gearing, conjugated profiles, generation of wheels on numerically 
controlled machine tools. 

 
Rezumat. Lucrarea este consacrată dezvoltării angrenajelor precesionale cu angrenare 

D,
CV CVA β

−  dințată cu contact concav-concav a dinților înclinați. În scopul sporirii capacității 
portante și a randamentului mecanic al angrenării precesionale, contactul dinților este 
concav-concav cu diferență mică a razelor de curbură a profilurilor conjugate, iar pentru 
reducerea alunecării de frecare în contact dinții sunt înclinați. Pentru realizarea angrenării 

D,
CV CVA β

−  cu dinți înclinați a fost elaborat procedeul de generare a dinților înclinați cil ,
m.axG β  cu 

sculă cilindrică pe mașini unelte multiaxiale cu comandă numerică. 
 

Cuvinte cheie: transmisii precesionale, contact concav-concav a dinților înclinați, modelare 
matematică a angrenării dinților, profiluri conjugate, generarea roților pe 
mașini-unelte cu comandă numerică. 
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Abstract. While in operation, the straight bladed vertical axis wind turbines (VAWTs) are 
affected by the variations in loadings that result in torque and power oscillations. This 
problem is considered to be solved by adopting helical blades. However, the way this 
solution affects the turbine’s efficiency is not entirely clear thus this aspect was studied and 
the results are presented in this paper. Four small scale VAWTs were investigated. A set 
consisting of one straight bladed turbine and one helical bladed turbine was tested. The 
airfoil used for this case was the symmetrical NACA 0018. Except for the helical angle, the 
two turbines were defined by the same key parameters that refer to the: swept area, aspect 
ratio, solidity, chord length, number of blades, airfoil type and pitch angle. The results 
revealed that the helical turbine was more efficient than the straight bladed one, 
generating 53% more power at 12 m/s. Another set of helical and straight bladed versions 
was tested, this time based on the asymmetrical FX 63-137 airfoil camber out mode. 
Contrary to the first case, here the straight bladed turbine was more efficient than the 
helical version, generating 2 times more power at 11 and 12 m/s. 

 

Keywords:  asymmetrical airfoil, efficiency, experimental analysis, symmetrical airfoil, wind 
energy. 

 

Rezumat. În timpul rotației, turbinele eoliene cu ax vertical sunt supuse solicitărilor ciclice 
care au drept rezultat variații ale momentului de torsiune și puterii. Această problemă este 
considerată a fi rezolvată într-o anumită măsură prin adoptarea palelor elicoidale. Totuși 
modul în care această soluție afectează performanța turbinei nu este pe deplin clar, astfel 
acest aspect a fost studiat experimental iar rezultatele sunt prezentate în acest articol. Au 
fost pregătite patru turbine cu ax vertical de scară mică. Pentru început a fost testat un set 
compus dintr-o turbină cu pale drepte și alta cu pale elicoidale, ambele fiind definite de 
profilul aerodinamic NACA 0018. Cu excepția unghiului elicoidal, cele două turbine au fost 
caracterizate de aceiași parametri constructivi care se referă la: aria baleiată, raportul de 
aspect al rotorului, soliditate, lungime a corzii, numărul de pale, profil aerodinamic și unghi 
de înclinație. Rezultatele au favorizat palele elicoidale care la viteza vântului de 12 m/s au 
fost cu 53% mai productive decât palele drepte.Un alt set format din aceleași două 
configurații de turbine a fost testat, de această dată fiind utilizat profilul aerodinamic FX 
63-137 orientată în mod curbură exterior. Contrar primului caz, aici turbina cu pale drepte a 
fost mai productivă decât cea cu pale elicoidale generând de două ori mai multă energie la 
vitezele de 11 și 12 m/s. 

 

Cuvinte cheie: profil aerodinamic asimetric, eficiență, analiză experimentală, profil   
aerodinamic simetric, energie eoliană. 
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Abstract. In this paper, the design and elaboration of a cost-effective technological process 
for the fabrication of the platform for the study of flexoelectric properties of GaN 
microtubes with the diameter of 2 - 5 μm and the thickness of the microtube walls of 50 nm 
is proposed. The impact of the design as well as the electrochemical etching parameters 
(applied voltage, duration of anodization) on the obtained channel dimensions is 
investigated. The proposed technological route implies electrochemical etching of n-InP 
semiconductor crystal in an environmentally friendly electrolyte at high etch rate. The 
technological process was optimized experimentally. It was proposed to introduce a 
perpendicular channel in which the microtube will be placed to reach a higher stability on 
the platform during the measurements. 

 

Keywords:  investigation chip, anodization, flexoelectricity, isotropic etching, neutral electrolyte, 
high etch rate, porous InP.  

 
Rezumat. În lucrare se propune proiectarea și elaborarea unui proces tehnologic rentabil 
pentru fabricarea platformei destoinate studiului proprietăților flexoelectrice a 
microtuburilor GaN cu diametrul de 2 - 5 μm și grosimea pereților microtuburilor de 50 nm. 
A fost investigat impactul proiectării, precum și parametrii de gravare electrochimică 
(tensiunea aplicată, durata anodizării) asupra dimensiunilor canalului obținut. Traseul 
tehnologic propus implică gravarea electrochimică a cristalului semiconductor n-InP într-un 
electrolit ecologic la o rată mare de gravare. Procesul tehnologic a fost optimizat 
experimental. S-a propus introducerea unui canal perpendicular în care microtubul va fi 
plasat pentru a atinge o stabilitate mai mare pe platformă în timpul măsurătorilor. 

 

Cuvinte cheie: cip de investigație, anodizare, flexoelectricitate, gravare izotropă, electrolit 
neutru, rată mare de gravare, InP poros. 
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Abstract. This article provides a brief overview of stages of digital terrestrial broadcasting 
implementation in the Republic of Moldova. In 2015 Î.S. "Radiocommunications" built the 
first national multiplex MUX-A, which later in 2016 was put into operation. The mentioned 
multiplex provides with the DVB-T2 signal 6 national coverage areas located throughout 
the country. For the broadcasting of digital terrestrial television signals in the Republic of 
Moldova, there have been allocated the channels previously intended for analog terrestrial 
television, with a bandwidth of 8 MHz. Currently, television broadcasting is in Simulcast 
mode, when both analog and digital transmitters are working at the same time. As of 
September 1, 2019, 98% of the country's population has access to the DVB-T2 signal. 

 

Keywords: DVB, DVB-T2, Digital dividend, digital terrestrial network, SFN, Head End, T2 
Gateway, multiplex. 

 
Rezumat. Articolul oferă o prezentare generală a etapelor introducerii radiodifuziunii 
digitale terestre în Republica Moldova. În 2015 Î.S. „Radiocomunicațiile” a construit primul 
multiplex național MUX-A, care mai târziu în 2016 a fost pus în funcțiune. Multiplexul 
menționat oferă semnalului DVB-T2 6 zone de acoperire naționale situate în toată țara. 
Pentru difuzarea semnalelor digitale de televiziune terestră în Republica Moldova, au fost 
alocate canalele destinate anterior televiziunii analogice terestre, cu o lățime de bandă de 8 
MHz. În prezent, difuzarea televiziunii este în modul Simulcast, când atât emițătoarele 
analogice, cât și cele digitale funcționează în același timp. Începând cu 1 septembrie 2019, 
98% din populația țării are acces la semnalul DVB-T2. 

 

Cuvinte cheie: DVB, DVB-T2, Dividend digital, rețea digitală terestră, SFN, Head End, T2 
Gateway, multiplex. 
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Abstract. Energy represents an important component of agriculture and essential to the 
sustainable production of poultry meat and egg. Despite several efforts at ensuring self-
sufficiency in the local production of poultry products through the provision of fast-growing 
disease-resistant breeds, high energy feeds and improved health care amenities, little 
efforts have been made in the estimation of critical energy needs of the poultry industry in 
Nigeria. This study investigated the daily energy utilization pattern of 10 selected 
commercial poultries farms in a major agricultural state in the country, Ogun State Nigeria. 
The study was carried out using a structured questionnaire, oral interview, and site 
observation. The predominant sources of energy alongside the mean daily energy were; 
electricity (37053 MJ, 36%), Diesel (2868 MJ, 30%), petrol (606.30 MJ, 29%), human labour 
(76.23 MJ, 4%) and other sources of energy (13.16 MJ, 1%). There was a weak relationship 
between the total energy consumed per day and the poultry capacity (R2 = 0.3772). The 
Anova of Energy Use, feed consumption, bird weight and egg production showed no 
significant difference across the farms (P=0.301886, α=0.05). Feeding, water pumping, 
ventilation and lighting (heating) were the major energy consumers on the farm. 

 

Keywords:  electrical energy, energy content, poultry feeds, liquid energy, manual energy.  
 

Rezumat. Energia reprezintă o componentă importantă a agriculturii, esențială pentru 
producția durabilă de carne și ouă de pasăre. În ciuda mai multor eforturi de asigurare a 
autosuficienței în producția locală de produse avicole prin furnizarea de rase rezistente la 
boli cu creștere rapidă, hrană bogată în energie și facilități sanitare, s-au depus eforturi mai 
mici în estimarea necesităților critice de energie pentru producția avicolă din Nigeria. Acest 
studiu a investigat modelul zilnic de utilizare a energiei a 10 întreprinderi avicole dintr-un 
stat agricol important din țară, statul Ogun, Nigeria. Studiul a fost realizat folosind un 
chestionar structurat, un interviu oral și observarea site-ului. Sursele predominante de 
energie alături de energia medie zilnică au fost; electricitate (37053 MJ, 36%), motorină 
(2868 MJ, 30%), benzină (606,30 MJ, 29%), muncă umană (76,23 MJ, 4%) și alte surse de 
energie (13,16 MJ, 1%). A existat o relație slabă între energia totală consumată pe zi și 
capacitatea păsărilor (R2 = 0,3772). Testul Anova de utilizare a energiei, consumului de 
furaje, greutatea păsărilor și producția de ouă nu a prezentat diferențe semnificative între 
ferme (P = 0,301886, α = 0,05). Alimentarea, pomparea apei, ventilația și iluminatul 
(încălzirea) au fost principalii consumatori de energie de la ferme. 

 

Cuvinte cheie: energie electrică, conținut de energie, furaje pentru păsări, energie lichidă, 
energie manuală. 
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Abstract. This paper presents the experimental results and the information of a power 
supply of range 0 - 5 volts which is further supplied to a voltage to frequency converter 
circuit. The main purpose for the construction of the power supply and the voltage-to-
frequency converter circuit is to observe the relation between the input voltage and the 
output frequency generated which is observable on the screen of the oscilloscope. The 
simulation for designing a voltage to frequency converter circuit is easy, it gives early 
information about the design circuit consumes very less amount of power and hence have 
wide range of applications. A 555-analog timer (vibrator also called as an oscillator) is used. 
It is a dual in-line package (DIP) of 8 pins IC. The project has been constructed by using a 
potentiometer of 300 kilo-ohm resistance and a capacitor of value 0.1uF. 

 

Keywords:  V to F Converter, 555 timer, Power supply design, Proteus Simulation. 
 

Rezumat. Articolul prezintă rezultatele experimentale și informațiile referitor la surse din 
diapazonul de 0 - 5 volți, alimentate suplimentar de la un circuit convertor de tensiune la 
frecvență. Obiectivul principal pentru construcția sursei de alimentare și a circuitului 
convertorului de tensiune la frecvență este de a stabili relația dintre tensiunea de intrare și 
frecvența de ieșire generată, observabilă pe ecranul osciloscopului. Simularea pentru 
proiectarea unui circuit convertor de tensiune la frecvență este ușor realizabilă, oferă 
informații timpurii despre circuitul de proiectare, consumă o cantitate foarte mică de 
energie și, prin urmare, are o gamă largă de aplicații. Se utilizează un temporizator analogic 
555 (vibrator, numit și oscilator). Este un pachet dual in-line (DIP) cu 8 pini IC. Proiectul a 
fost construit folosind un potențiometru cu o rezistență de 300 kilo-ohm și un condensator 
de 0,1 uF. 

 

Cuvinte cheie: Convertor V în F, temporizator 555, Proiectare sursă de alimentare, Simulare 
Proteus. 
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Abstract. This paper is focused on photovoltaic (PV) installation fault detection techniques. 
Three methods of PV module fault detection were proposed, implemented, and tested on 
real PV plant located in Nürnberg, Germany. Proposed methods are based on calculation 
results produced using the Digital Twin (DT) concept. Power values at maximum power 
point (MPP) under standard test conditions are used during the calculations (as Pmpp). Pmpp 
distributions by each month method is based on the statistical distribution of all PV 
modules from the same plant grouped by months, global Pmpp distribution method uses all 
available data uses similar approach with no month-related specifics, and Pmpp average 
calculations method is based on the average points calculation for each module during the 
period. All of these approaches provide entirely accurate results and allow finding modules 
with faults. However, the boundary abnormal modules count varies in each method, and 
additional module-based analysis may be required based on the purpose (monosemantic 
results for the most abnormal modules against more comprehensive results which include 
boundary modules). 

 

Keywords:  Digital twin, photovoltaic, module degradation, module fault detection, fault 
detection. 

 

Rezumat. Prezenta lucrare se concentrează pe tehnicile de detectare a defecțiunilor 
instalării fotovoltaice (PV). Au fost propuse, implementate și testate trei metode de 
detectare a defecțiunilor modulului PV pe o instalație fotovoltaică reală situată în Nürnberg, 
Germania. Metodele propuse se bazează pe rezultatele calculelor realizate în baza 
conceptului Digital Twin (DT). Valorile puterii în punctul maxim de putere (MPP) în condiții 
standard de testare sunt utilizate în timpul calculelor (Pmpp). Distribuția Pmpp prin fiecare 
metodă lunară se bazează pe distribuția statistică a tuturor modulelor fotovoltaice din 
aceeași instalație grupate pe luni. Metoda globală de distribuție Pmpp utilizează toate 
datele disponibile, o abordare similară, fără specificații legate de lună, iar metoda calculelor 
medii Pmpp se bazează pe calculul punctelor medii pentru fiecare modul în timpul 
perioadei. Toate aceste abordări oferă rezultate complete și precise, ceea ce permite găsirea 
de module cu defecte. Cu toate acestea, numărul de module anormale la graniță variază în 
fiecare metodă și poate fi necesară o analiză suplimentară, pentru a stabili rezultate 
monosemantice pentru cele mai anormale module, rezultate mai cuprinzătoare care includ 
module de graniță. 

 

Cuvinte cheie: Digital twin, fotovoltaic, degradare modul, detectare defecte modul, detectare 
defecte. 
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Abstract. Wheelchair is used by individuals that find it challenging to walk. Various 
methods have been adopted in developing wheelchairs to suit the needs of the physically 
disabled using the available technologies. Problems associated with the already existing 
wheelchairs are difficulty in maneuvering them in a confined and constrained space and 
limitation in degree of movement they can achieve. The aim of this project is to develop a 
smart omnidirectional controlled wheelchair. The system is not only applicable for 
domestic use, it can also be used for sports and in the hospital. The movement of the 
wheelchair is controlled from a web application via Wireless Fidelity communication. The 
methodology employed includes designing the web application interface using Hypertext 
markup language and JavaScript programming language, the hardware part consists of the 
Raspberry Pi 3 Model B, programmed with python programming language. Then, the 
software and hardware part were integrated together to form a complete system. The main 
advantage of the system is that it allows the user of a wheelchair to maneuver through a 
confined and constrained space and control the wheelchair remotely. The performance 
measure considered were the accuracy of the obstacle detection unit in detecting brick 
wall, metal and wood, and the response time of the wheelchair to movement commands 
from the web application. The average detection accuracies for the brick wall, metal, and 
wood were 87.37%, 94.43%, and 83.57% respectively. The average response time of the 
wheelchair to movement commands from the web application was 1.04 seconds. 

 
Keywords:  Omnidirectional, Wireless Fidelity, JavaScript, Raspberry Pi 3 Model B. 



 Journal of Engineering Science, Abstracts, Vol. XXVII (4), 2020 15 

Journal of Engineering Science  December, 2020, Vol. XXVII (4) 

 

DOI: 10.5281/zenodo.4288291  
 

CZU 615.478.3:004 
 

A SMART OMNIDIRECTIONAL CONTROLLED WHEELCHAIR 
 

Rabiu Omeiza Isah1*, ORCID ID:0000-0002-2784-8891, 
O. M. Olaniyi1, ORCID ID:0000-0002-2294-5545, 

J. G. Kolo2, ORCID ID:0000-0003-3687-5960, 
D. Z. Babatunde1, ORCID ID:0000-0003-2835-6028 

 
1Department of Computer Engineering, Federal University of Technology, Minna 

2Department of Electrical and Electronic Engineering, Federal University of Technology, Minna 
*Corresponding author: Isah Omeiza Rabiu, isah.rabiu@futminna.edu.ng 

 
Received: 10. 08. 2020 
Accepted: 11. 22. 2020 

 

Rezumat. Scaunul cu rotile este utilizat de persoanele cărora le este greu să meargă. Au fost 
adoptate diverse metode în dezvoltarea scaunelor cu rotile pentru a se potrivi nevoilor 
persoanelor cu dizabilități fizice, folosind tehnologiile disponibile. Problemele asociate 
scaunelor cu rotile deja existente sunt dificultăți în manevrarea lor într-un spațiu limitat și 
constrâns și limitarea gradului de mișcare pe care o pot atinge. Scopul acestui proiect este 
de a dezvolta un scaun cu rotile inteligent controlat omnidirecțional. Sistemul nu se aplică 
numai pentru uz casnic, poate fi folosit și pentru sport, și în spital. Mișcarea scaunului cu 
rotile este controlată de la o aplicație web prin comunicare Wireless Fidelity. Metodologia 
utilizată include proiectarea interfeței aplicației web utilizând limbajul de marcare 
Hypertext și limbajul de programare JavaScript, partea hardware constând din Raspberry Pi 
3 Model B, programat cu limbaj de programare python. Apoi, partea software și hardware au 
fost integrate împreună pentru a forma un sistem complet. Principalul avantaj al sistemului 
este că acesta permite utilizatorului unui scaun cu rotile de a manevra printr-un spațiu 
închis și constrâns și să controleze scaunul cu roțile de la distanță. Drept măsura de 
performanță au servit precizia de detectare a obstacolelor: zid de cărămidă, metal, lemn,  
precum și timpul de răspuns al scaunului cu rotile la comenzile de mișcare din aplicația 
web. Precizia medie a detecției pentru peretele de cărămidă, metal și lemn a fost de 
87,37%, 94,43% și respectiv 83,57%. Timpul mediu de răspuns al scaunului cu rotile la 
comenzile de mișcare din aplicația web a fost de 1,04 secunde. 

 

Cuvinte cheie: Omnidirecțional, Wireless Fidelity, JavaScript, Raspberry Pi 3 Model B. 
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Abstract. The topicality of systemic research on informatics (IT) security in the Republic of 
Moldova is argued. Based on international practices, a set of 24 indicators (aspects) is 
defined for the incipient assessment of the state of informatics security in 
enterprises/organizations/institutions (EOIs). Through an online survey, the respective 
information is collected, EOIs being differentiated into 5 categories according to the 
number of employees, within each of which are distinguished ICT-EOIs and non-ICT-EOIs. 
The weighted average value of the percentage of EOIs (%EOI), of the percentage of ICT-
EOIs (%ICT-EOIs) and of the percentage of non-ICT-EOIs (%non-ICT-EOIs) on 23 aspects of 
informatics security are: overall for EOIs - 71.7%, for ICT-EOIs - 73.3%, and for non-ICT-EOIs 
- 66.1%. The state of IT security of ICT-EOIs is better than that of non-ICT-EOIs. The biggest 
difference %ICT-EOIs – %non-ICT-EOIs is with reporting the IT security vulnerabilities of 
the implemented software, with performing the IT security audit of new IT 
applications/systems before implementation and with the implementing of an internal IT 
security policy. The dependence of the average value (on 23 aspects) of %EOIs on the 
number of employees is increasing. Moreover, the percentage of EOIs with 100% IT security 
performance for EOIs with over 500 employees is about twice as high (91.7%) as that for 
EOIs with up to 10 employees inclusive (43.8%). 

 

Keywords: enterprises/organizations/institutions, indicators, informatics security evaluation, 
informatics space, survey. 
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Rezumat. Articolul se axează pe cercetări sistemice privind securitatea informatică (IT) în 
Republica Moldova. Pe baza practicilor internaționale, este definit un set de 24 de indicatori 
pentru evaluarea incipientă a stării securității informatice în întreprinderi / organizații / 
instituții (EOI). Prin intermediul unui sondaj online informațiile respective sunt colectate, 
EOI-urile fiind diferențiate în 5 categorii în funcție de numărul de angajați, în cadrul cărora 
se disting EIC-EOI și EOI non-TIC. Valoarea medie ponderată a procentului de EOI (% EOI), a 
procentului de ICT-EOI (% ICT-EOI) și a procentului de non-ICT-EOI (% non-ICT-EOI) pe 23 
de aspecte ale informaticii securitatea a fost determinată. În general, pentru EOI  aceasta a 
constituit 71,7%, pentru ICT-EOI - 73,3%, iar pentru non-ICT-EOI - 66,1%. Starea securității 
IT a ICT-EOI este mai bună decât cea a non-ICT-EOI. Cea mai mare diferență ICT-EOI - non-
ICT-EOIs (%) este atestată la raportarea vulnerabilităților de securitate IT ale software-ului 
implementat, efectuarea auditului de securitate IT al noilor aplicații / sisteme IT înainte de 
implementare și cu implementarea unei politici interne de securitate IT. Dependența valorii 
medii (din 23 aspecte) a % EOI de numărul de angajați este în creștere. Mai mult, procentul 
de EOI cu performanță de securitate IT de 100% pentru EOI cu peste 500 de angajați este 
de aproximativ două ori mai mare (91,7%) decât cel pentru EOI cu până la 10 angajați 
inclusiv (43,8%). 

 

Cuvinte cheie: întreprinderi / organizații / instituții, indicatori, evaluare securitate informatică, 
spațiu informatic, sondaj. 
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Abstract. 5G is the new mobile communications technology which uses the latest 
techniques to provide a step change in performance, but it also provides some unique 
challenges. 5G provides the increased speed, bandwidth, low latency as well as the ability 
to support the low data rate communications required for many narrow band IoT 
applications. 5G signals — particularly those at millimeter-wave frequencies — struggle to 
penetrate walls and circumvent physical structures. Since the vision and the marketing for 
5G is for to have its towers within several feet of one another, and to have 5G technology, 
inside of homes, within phones, games, appliances, et al., it is likely that nowhere may be 
safe from these waves. While the air outside will still contain ample amounts of oxygen in a 
5G world, our bodies ironically could still suffocate. Nobody can avoid to be exposed.  
According to estimate, ”10 to 20 billion connections” (to refrigerators, washing machines, 
surveillance cameras, self-driving cars and buses, etc.) will be parts of the Internet of Things 
(IoT). All these together can cause a substantial increase in the total, long-term RF-EMF 
exposure to all planet citizens. More efficient 5G equipment will transmit more data and 
ultimately consume more energy. We must be realistic and show respect for humans and 
the planet. Will 5G be good for the environment? When 5G isn’t enough, it will be time for 
6G. 

 

Key words: Challenges, network densification, IoT, safety, health perils, long-term RF exposure, 
influence on environment, CO2 emissions, climate change. 

 

Rezumat. 5G este o nouă tehnologie de comunicații mobile, care folosește cele mai noi 
tehnici pentru a oferi o schimbare progresivă  performanței, dar oferă și unele provocări 
unice. 5G oferă viteză crescută, lățime de bandă, latență scăzută, precum și capacitatea de a 
suporta comunicațiile cu o rată de date scăzută, necesare pentru multe aplicații IoT cu 
bandă îngustă. Semnalele 5G - în special cele cu frecvențe de undă milimetrică - ar putea să 
pătrundă în pereți și să ocolească structurile fizice. Deoarece viziunea și marketingul pentru 
5G sunt de a avea turnuri la câțiva metri unul de celălalt și prezență în interiorul caselor, în 
telefoane, jocuri, aparate, este probabil că nicăieri nu există bariere în fața acestor unde. În 
timp ce aerul din exterior va conține în continuare cantități ample de oxigen, într-o lume 
5G, corpurile noastre în mod ironic s-ar putea sufoca. Nimeni nu poate evita să fie expus. 
Conform estimărilor, „10 până la 20 de miliarde de conexiuni” (la frigidere, mașini de spălat, 
camere de supraveghere, mașini și autobuze cu conducere automată etc.) vor face parte din 
Internetul obiectelor (IoT). Toate acestea împreună pot provoca o creștere substanțială a 
expunerii totale pe termen lung RF-EMF pentru toți cetățenii planetei. Echipamentele 5G 
vor transmite mai eficient și mai multe date, consumând mai multă energie. Trebuie să fim 
realiști și să arătăm respect pentru oameni și planetă. 5G va fi bun pentru mediu? Când 5G 
nu este suficient, va fi timpul pentru 6G. 

 

Cuvinte cheie: Provocări, densificarea rețelei, IoT, siguranță, pericole pentru sănătate, expunere 
RF pe termen lung, influență asupra mediului, emisii de CO2, schimbări climatice. 
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Abstract. This article presents a potential solution to secure or ensure a better security level 
for the Software-Defined Networks (SDN) paradigm; by introducing the usage of blockchain 
technology in a different way than the Marconi protocol technology proposes. Most of the 
techniques and methodologies proposed by this research are to patch some security issue 
the SDN presents like the single point of failure, cause as SDN can provide solutions and 
flexibility for current computer networks; it could also promote some new security threats 
since it is still a relatively new technology. In this article those algorithms and 
methodologies are incorporated together as a full suite or a framework that can be applied 
as a network application for the software-defined network environment and could be 
implemented in the management or application plane which is the top layer in the 
architecture of the SDN as we will see later in this article. 

 
Keywords: application programming interface, control plane, centralization, east-westbound API, 

smart contracts, secure hash algorithm SHA 256. 
 

Rezumat. Articolul prezintă o potențială soluție pentru securizarea sau asigurarea unui nivel 
de securitate mai înalt pentru paradigma rețelelor definite prin software (SDN), anume prin  
utilizarea tehnologiei blockchain într-un mod diferit decât propune protocolul Marconi. 
Majoritatea tehnicilor și metodologiilor propuse în această cercetare sunt de a remedia 
unele probleme de securitate pe care SDN le prezintă, cum ar fi singurul punct de eșec, 
deoarece SDN poate oferi soluții și flexibilitate pentru rețelele de calculatoare actuale. Ar 
putea exista, de asemenea, unele noi amenințări la adresa securității, deoarece este o 
tehnologie relativ nouă. În cadrul acestui articol, algoritmii și metodologiile sunt 
încorporate împreună ca o suită completă, ca aplicație de rețea pentru mediul definit de 
software. Aceasta ar putea fi implementată în planul de gestionare, care este nivelul 
superior al arhitecturii SDN. 

 

Cuvinte cheie: interfață de programare a aplicației, plan de control, centralizare, API est-vest, 
contracte inteligente, algoritm hash securizat SHA 256. 
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Abstract. This article reveals the influence of the conceptual directions of development 
within world architecture on the active creative processes of modernist and postmodern 
orientations, which have taken place in Moldovan architecture. Particular attention is paid 
to the architecture of administrative buildings built in the period after the declaration of 
the sovereignty and independence of Moldova in the early 1990s. The general problem of 
the dissonance of the architecture of modern business and office centers with the historical 
buildings of the Chisinau city is revealed. This problem was reflected in the image of the 
capital in the form of an antagonistic contradiction between the usual "old" and unexpected 
"new" architecture. As a result of the analysis, it is shown that the architecture of modern 
administrative buildings in Chisinau demonstrates examples of revolutionary solution of 
compositional and artistic tasks and reflects the polystylism of the development of world 
architecture in such directions as: minimalism, high-tech, deconstructivism, etc. 

 

Keywords: buildings, architectural form, business center, compositional techniques, 
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Rezumat. În articol este relevată influența conceptuală a fenomenului arhitectural mondial 
asupra activității creative și a orientărilor moderniste și postmoderne din arhitectura RM. 
Atenția principală în articol este acordată arhitecturii clădirilor administrative, construite în 
perioada de după declararea suveranității și independenței Moldovei la începutul anilor 
1990. Este scoasă în evidență disonanța arhitecturii clădirilor din centrele moderne de 
afaceri, implementate în fondul construit istoric al orașului Chișinău, cu cea a 
monumentelor istorice. În rezultatul analizei vizuale a raportului dintre aceste centre 
moderne de afaceri și de birouri cu monumente ale arhitecturii istorice este formulată 
concluzia că arhitectura modernă a clădirilor administrative, edificate în ultimele trei 
decenii în Chișinău, demonstrează soluții compozițional-artistice revoluționare în 
corespundere cu polistilismul evoluției arhitecturii mondiale în direcția orientărilor 
stilistice: minimalism, high-tech, deconstructivism etc. 

 

Cuvinte cheie: sedii administrative, forma arhitecturală, centre de afaceri, procedee 
compoziționale, deconstructivism, modernism, postmodernism. 
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Abstract. This paper approaches the issue of water quality in river-type aquatic systems. It is 
discussed the importance of applying the mathematical and numerical models in order to 
assess the water quality and to predict different water pollution scenarios. It is presented an 
analysis of the field regarding the mathematical modeling of the spatio-temporal evolution 
of pollutants in river-type aquatic systems. As well, it is examined the water quality and are 
discussed the environmental issues regarding the pollution of the Dniester River. In the 
paper it is presented an analysis of the water samples taken from the Dniester River by the 
State Hydrometeorological Service, highlighting the pollutants that have exceeded the 
maximum permissible concentration on some sectors of the river. It is analyzed, as well as, 
the domain of mathematical models use for the calculation of the pollutant concentration 
area in the Dniester River and is proposed the development of the mathematical model 
based on the Navier-Stokes system of equations for the determination of hydrodynamic 
processes. In this paper it is also proposed a methodology for determining the spatio-
temporal evolution of pollutants based on mathematical modeling using the fundamental 
equation of advection-dispersion. 

 

Keywords: advection-dispersion equation, aquatic systems, mathematical modeling, 
mathematical modeling, Navier-Stokes equations, pollutants, the Dniester river. 

 

Abstract. Lucrarea abordează problema calității apei în sistemele acvatice de tip râu. Se 
discută importanța aplicării modelelor matematice și numerice în scopul evaluării calității 
apei și a predicțiilor diferitor scenarii de poluare a apei. Se prezintă o analiză al domeniului 
privind modelarea matematică a evoluției spațio-temporale a poluanților în sistemele 
acvatice de tip râu. Se examineaza calitatea apei și se discută problemele de mediu privind 
poluarea râului Nistru. În lucrare se prezintă o analiză a probelor de apă prelevate din râul 
Nistru de către Serviciul Hidrometeorologic de Stat cu evidențierea poluanților care au 
depășit concentratia maximă admisibilă pe unele sectoare al râului. Se analizează 
deasemenea şi domeniu privind utilizarea modelelor matematice pentru calculul câmpului 
de concentrații al poluanților în râul Nistru și se propune dezvoltarea modelului matematic 
în baza sistemului de ecuații Navier-Stokes pentru determinarea proceselor hidrodinamice. 
În lucrarea dată se mai propune şi o metodologie pentru determinarea evoluției spațio-
temporale a poluanților în baza modelării matematice cu ajutorul ecuației fundamentale de 
advecție-dispersie. 

 

Keywords: sisteme acvatice, râul Nistru, modelare matematică, poluanți, ecuaţiile Navier-Stokes, 
ecuația de advecție-dispersie. 
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Abstract. The subjects of this paper are the grapes and wines obtained from local selection 
variety Viorica from Republic of Moldova. Following the spectrophotometric analysis of 
grape juice, significant differences between the content of free volatile terpenes and 
potentially volatile terpenes were noticed. In order to determine the influence of the 
enzymatic treatment on flavor compounds, the wines were subjected to GC-MS analysis. 
The analysis showed that musts that were not treated with enzymes have a concentration 
of about 40% lower terpenes compared to those macerated with pectolytic enzymes. Wine 
is constantly evolving and a particular interest is represented by the dynamics of odorous 
substances during wine storage. For this purpose wines produced by maceration with and 
without addition of pectolytic enzymes were analyzed. Young wines and wines aged for 6 
months at different temperatures were studied. Experimental data showed that free and 
bound terpene compounds are significantly influenced by the storage temperature as well 
as by the origins of terpene compounds. 

 

Keywords: aroma, enzyme, flavor, free/bound terpenes, local selection variety, maceration, wine. 
 

Rezumat. Această lucrare se bazează pe studiul strugurilor și vinurilor obținute din soiul de 
selecție autohtona Viorica din Republica Moldova. În urma analizei spectrofotometrice a 
sucului de struguri, s-au observat diferențe semnificative între conținutul de terpene 
volatile libere și terpene potențial volatile. Pentru a determina influența tratamentului 
enzimatic asupra compușilor de aromă volatili, vinurile au fost supuse analizei GC-MS. 
Analiza a demonstrat că musturile care nu au fost tratate cu enzime pectolitice au o 
concentrație cu aproximativ 40% terpene mai mici comparativ cu cele macerate cu adaos de 
preparat enzimatic. Vinul este un produs care evoluează și un interes deosebit îl reprezintă 
dinamica substanțelor odorante în timpul depozitării vinului. În acest scop au fost analizate 
vinurile produse prin macerarea cu adaos și fără adaos de enzime pectolitice. Au fost 
studiate vinuri tinere și vinuri maturate timp de 6 luni la temperaturi diferite. Datele 
experimentale au arătat că atât compușii terpenici liberi cât și cei legați sunt influențați în 
mod semnificativ de temperatura de depozitare, precum și de originea compușilor 
terpenici.  

 

Cuvinte-cheie: aromă, enzime, terpene libere/precursori, soi selecție autohtonă, macerare, vin. 
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Abstract. Yogurt rheological and textural parameters are known to have an important 
impact on food quality and acceptability. The paper includes the determination of the 
viscoelastic and textural parameters of goat's milk and cow's milk yogurt in terms of 
physico-chemical indices and technological properties. Two series of yogurts were 
prepared: series I of goat's milk and cow's milk 50:50 (5 samples) and series II of 100% 
goat's milk (5 samples), adding the aronia, strawberries, raspberries, peaches using classical 
technology. Texture parameters with higher values were obtained for yogurt of first series 
due to the presence of casein fractions specific to cow's milk. Added fruits to yogurt have 
had a positive impact on texture indices, due to contained hydrocolloids that confer 
thickening, stabilizing, gelling and emulsifying properties to food products. Due to the 
organic acids contained in fruits, the pH of yogurt is lower, so the voluminosity of casein 
micelle increases at lower pH value due to increased hydration, possitivly influensed the 
viscosity parameters. Manufacture of yogurt from goat's milk and cow's milk induced 
stronger yogurt gel (series I), due to a higher content of α casein in cow's milk compared to 
goat's milk. The viscoelastic characteristics of yogurt samples, show that G′ is higher than G″ 
during the entire frequency range. The added fruits to yogurt influence the viscoelastic 
parameters more through some components present in their composition: The higher dry 
matter content in the yogurt samples with the addition of aronia, respectively indicates the 
higher values for the parameters G' and G'', namely for the yogurt of the second series. 

 

Keywords: yogurt, rheological parameters, textural parameters, casein fractions, heat treatment 
of yogurt, starter cultures of yogurt, dairy gels. 
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Rezumat. Parametrii reologici și texturali ai iaurtului au un impact important asupra calității 
și acceptabilității acestuia. Lucrarea include determinarea parametrilor viscoelastici și 
texturali ai laptelui de capră și al iaurtului din lapte de vacă în termeni de indici fizico-
chimici și proprietăți tehnologice. Au fost pregătite două serii de iaurturi: seria I - lapte de 
capră și lapte de vacă 50:50 (5 probe) și seria II - lapte de capră 100% (5 probe), adăugând 
aronie, căpșuni, zmeură, piersici folosind tehnologia clasică. Parametrii de textură cu valori 
mai mari au fost obținuți pentru iaurtul din prima serie datorită prezenței fracțiilor de 
cazeină specifice laptelui de vacă. Fructele adăugate în iaurt au avut un impact pozitiv 
asupra indicilor de textură, datorită hidrocoloizilor conținuți care conferă proprietăți de 
îngroșare, stabilizare, gelificare și emulsifiere a produselor alimentare. Datorită acizilor 
organici conținuți în fructe, pH-ul iaurtului este mai scăzut, astfel încât voluminozitatea 
micelei de cazeină crește la o valoare a pH-ului mai mică datorită hidratării crescute, 
influențând posibil parametrii de vâscozitate. Fabricarea iaurtului din lapte de capră și lapte 
de vacă a condus la formarea unui gel lactic mai puternic (seria I), datorită unui conținut 
mai ridicat de α-cazeină în laptele de vacă comparativ cu laptele de capră. Caracteristicile 
viscoelastice ale probelor de iaurt arată că G′ este mai mare decât G″ pe toată gama de 
frecvențe. Fructele adăugate în iaurt influențează mai mult parametrii viscoelastici prin 
unele componente prezente în compoziția lor: conținutul mai mare de substanță uscată din 
probele de iaurt cu adaos de aronia, respectiv indică valori mai mari pentru parametrii G'și 
G'', și anume pentru iaurtul din seria II. 

 

Cuvinte cheie: iaurt, parametri reologici, parametri texturali, fracțiuni de cazeină, tratament 
termic al iaurtului, culturi starter, gel lactic. 
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Abstract. Quality parameters of stuffs, namely minced meat (CMM) and coagulated gel 
(CCG), obtained by processing of hen legs are presented n this work. The effect of the said 
characteristics upon finished meat products is investigated, recommendations for their use 
in technology of meat products are given. To achieve this goal, hen legs were processed 
according to a scheme providing for their two-stage processing by cooking in water at a 
temperature of (95 ± 5) ºС for 60 min, separation of the broth and subsequent mechanical 
separation of bones from the cooked legs on a press. CMM is the raw material crushed after 
separation and CCG is obtained by mixing CMM with broth in a ratio of 1: 1. An evaluation 
of the quality parameters of CMM and CCG let it conclude that they are a promising raw 
materials for the meat industry, containing a significant amount of total protein, collagen 
and possessing good sensorial characteristics. It was defined that the addition of 20% CMM 
or 20% CCG to minced meat influences the rheological parameters of the finished products: 
the final shear stress and elasticity in the samples with CMM show higher values than in the 
control; in the samples with GCC there was an increase in the elasticity index. It is 
concluded that it is important to establish a differential approach to the use of collagen-like 
raw materials in the composition of minced meat, which takes into account the peculiarities 
of the characteristics of CMM and CG. The results obtained helped in developing 
recommendations upon the areas of CMM and CCG use in the technology of meat products. 

 

Keywords: collagen containing raw materials, collagen mince, collagen gel, hen legs, sensorial 
parameters, rheological parameters, chemical parameters, recommendations. 
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Rezumat. Parametrii de calitate ai materiilor prime, și anume carnea tocată (CMM) și gelul 
coagulat (CCG), obținuți prin prelucrarea picioarelor de găină sunt prezentați în această 
lucrare. Efectul caracteristicilor menționate asupra produselor din carne finite este 
investigat, se oferă recomandări pentru utilizarea lor în tehnologia produselor din carne. 
Pentru a atinge acest obiectiv, picioarele de găină au fost procesate în conformitate cu o 
schemă care prevede prelucrarea lor în două etape prin gătirea în apă la o temperatură de 
(95 ± 5) ºС timp de 60 de minute, separarea bulionului și separarea ulterioară mecanică a 
oaselor de picioare fierte pe presă. CMM este materia primă zdrobită după separare și CCG 
se obține prin amestecarea CMM cu bulion într-un raport de 1: 1. O evaluare a parametrilor 
de calitate a CMM și CCG a permis concluzia, că acestea sunt materii prime promițătoare 
pentru industria cărnii, care conțin o cantitate semnificativă de proteine totale, colagen și  
posedă caracteristici senzoriale bune. S-a stabilit că adăugarea de 20% CMM sau 20% CCG 
la carnea tocată influențează parametrii reologici ai produselor finite: tensiunea de 
forfecare finală și elasticitatea în probele cu CMM prezintă valori mai mari decât în martor; 
în eșantioanele cu CCG s-a înregistrat o creștere a indicelui de elasticitate. Se 
concluzionează că este important să se stabilească o abordare diferențiată a utilizării 
materiilor prime asemănătoare colagenului în compoziția cărnii tocate, care să ia în 
considerare particularitățile caracteristicilor CMM și CG. Rezultatele obținute au contribuit 
la dezvoltarea recomandărilor privind domeniile utilizării CMM și CCG în tehnologia 
produselor din carne. 

 

Cuvinte cheie: materii prime care conțin colagen, tocătură de colagen, gel de colagen, picioare 
de găină, parametri senzoriali, parametri reologici, parametri chimici, 
recomandări. 
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Abstract. This work considers the sequence of steps for designing primers for real time 
qPCR analysis with SYBR® Green as fluorescent dye. For primer design, we used Primer-
Blast software. As an example, we design primers to fum6 gene, a member of fumonisin 
biosynthetic gene cluster. The importance of a balance between specificity and efficiency of 
primers obtained with the help of Primer-Blast software is discussed. Challenges of 
obtaining specific primers are considered, possible solutions are suggested. BLAST analysis 
of the primers is discussed, potential approaches to choosing an optimal primer pair are 
considered. The testing results of the designed primers to Fusarium verticillioides fum6 gene 
in real-time PCR reaction are shown. We used the designed primer pair in a qPCR reaction 
and analyzed the amplification curve and melting curve of the amplicon. The shape of the 
amplification curve reflects the kinetics of PCR reaction and gives some approximation 
about primer efficiency. Melt curve analysis gives the information on primer specificity, with 
a single melt peak corresponding to a single PCR amplicon. 

 

Keywords: Primer-BLAST, Primer3, qPCR, BLAST, Fusarium. 
 

Rezumat. În această lucrare se analizează etapele proiectării primerilor pentru reacția de 
polimerizare în lanț în timp real cu utilizarea colorantului fluoriscent SYBR® Green. Pentru 
proiectarea primerilor s-a folosit programul Primer-Blast. În calitate de exemplu, se 
examinează proiectarea primerilor pentru gena Fusarium verticillioides fum6 în reacția de 
polimerizare în lanț în timp real. Se pun în discuție aspecte ale analizei BLAST, în scopul 
optimizării proiectării primerilor. S-a folosit o pereche de primeri într-o reacție qPCR și s-a 
analizat curba de amplificare și curba de topire a ampliconului. Forma curbei de amplificare 
reflectă cinetica reacției PCR și ne oferă informații despre eficiența aproximativă a 
primerilor. Analiza curbei de topire ne oferă informații despre specificitatea primerilor, un 
singur vârf de topire corespunde unui singur amplicon PCR. 

 

Cuvinte cheie: Primer-BLAST, Primer3, qPCR, BLAST, Fusarium. 
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Abstract. The paper deals with the development of precessional gears with toothed gearing 
D,
CV CVA β

−  with concave-concave contact of inclined teeth. In order to increase the bearing 
capacity and the mechanical efficiency of the precessional gear, the contact of the teeth is 
concave-concave with little difference of the curvature radius of the conjugated profiles, 
and to reduce the frictional sliding in the contact the teeth are inclined. In order to make 
the gearing D,

CV CVA β
−  with inclined teeth, there was developed the process of generating the 

inclined teeth cil ,
m.axG β  with cylindrical tool on numerically controlled multi-axial machine 

tools. 
 

Keywords: precessional transmissions, concave-concave contact of inclined teeth, mathematical 
modeling of tooth gearing, conjugated profiles, generation of wheels on numerically 
controlled machine tools. 

 

1. The mathematical model of the gear D ,
CV CVA β

−  
The elaboration of the mathematical model of the gear D,A β  with the gearing 

D,
CV CVA β

−  with concave-concave contact of the inclined teeth is based, analogous to the one 
with straight teeth, on the observance of the main statement of the fundamental law of 
gearing on ensuring continuity and constant permanent ratio of motion transformation [1]. 

For the elaboration of the mathematical model of the gear D,A β  presented in Figure 
1 we admit the following considerations, conditions and constraints [2]: 

1. We admit the angle of inclination of the teeth βg and the active length of the 

flanks of the conjugated teeth wb ; 
2. We consider that the profile of the tooth of the satellite wheel inclined with the 

angle βg , in the middle section of radius mR  is described by the circle arc LEM of radius rm 

with the origin at point mG , and the plane of the circle arc Pm is perpendicular to the line 
OGm (Figure 1). 
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Figure 1. Description of the spatial positioning of the inclined tooth in the gear D,A β . 
 

In the spherospatial motion of the satellite wheel, the origin mG  of the radii of 

curvature rm of its teeth at a precession cycle 2

1

2 Z0
Z
π

ψ≤ ≤  describes on the sphere of the 

radius mR  a trajectory with the coordinates 
m m mG G GX Y Z . 

3. The flank surface of the satellite wheel tooth represents the lateral surface of an 
inclined cone trunk with the extensions of the generators passing through the circle 
described by the arc LEM and the tip located at point n tangent to the cylinder with the Z 
axis of the radius e of the line mG n  located in the plane Pc tangent to the conical axoid 

with the Z axis and the tip in the center O with the tip angle ( )2π θ δ− + . 
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= − −

 (1) 

4. The inclination angle βg of the satellite wheel tooth is equal to the angle between 
the lines mOG  and mG n  projected in the plane perpendicular to the Z axis of the satellite 
wheel. 

5. The flank surface of the central wheel tooth represents the imprint of the winding 
of the family of the surface of the satellite wheel tooth, which satisfies the condition 

m mE GZ Z<  of varying the angles of positioning the crankshaft ψ and of the rotation 

1 2Z Zϕ ψ= −  of the satellite wheel itself relative to the crankshaft at a precession cycle 
[3]. 

Taking into account the statement in p. 2 of the geometric model of the gearing 
D,
CV CVA β

− , according to which the circle arc LEM in the middle section of the satellite wheel 

tooth is in a plane perpendicular to mOG , then for this section the profile of the inclined 

teeth can be expressed by the coordinates 
m m mE E EX Y Z  similarly to the gear D

CV CVA −  with 
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straight teeth. Figure 2 shows the profilogram of the central wheel tooth in the middle 
section with the radius mR , obtained with the winding of the family of circles of radius r of 
the wheel-satellite teeth with the origins located on the trajectory of the spherospatial 
motion of their origin mG . 

 

 
Figure 2. Description of the profile of the teeth in circle arc of the satellite wheel 

and covex-concave of the central wheel in the middle section. 
 

At the same time, the profile of the central wheel teeth in the middle section mR  
represents the trajectory of the contact point of the teeth Em at a precession cycle 

2

1

2 Z0
Z
π

ψ≤ ≤  and can be expressed by the coordinates 
m m mE E EX Y Z . From Figure 2 we find 

that the angle between the position vector mOG  of the origin of the radius of curvature of 
the circle arc profile of the satellite wheel tooth mG  and the position vector mOE  of the 
point of contact of the teeth in the middle section with the radius mR , represents the 
imaginary taper angle β of satellite wheel teeth with a circle arc profile, which can be 
expressed by the expression 

 

 
2 cosm m mOG OE R β× =  (2) 



 V. Bostan, I. Bostan, M. Vaculenco, S. Scaticailov 31 

Journal of Engineering Science  December, 2020, Vol. XXVII (4) 

or 
 2 cosEm Gm Em Gm Em Gm mX X Y Y Z Z R Oβ⋅ + + ⋅ − =  (3) 
of which the coordinate 

mEX  

 2( cos ) .Em m Em Gm Em Gm GmX R Y Y Z Z Xβ= − −  (4) 
Substituting (4) in (3), we obtain 

 1 1Em EmY k Z d= −  (5) 
and, replacing (5) in (4) the coordinate 

mEX  of the contact point of the teeth in the middle 

section is determined from the expression: 

 2 2 ,Em EmX k Z d= −  (6) 
where 
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( )
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1

2
1

2 1
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2 1
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k
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d R X X Y Y X
k k Y Z X

d R d Y X

β

β

+ +
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−

= −
= − +

= +

  

 

  

 (7) 

The contact point of the teeth Em also belongs, at the same time, to the sphere with 

radius mR , i.e. its coordinates satisfy its equation: 

 
2 2 2 2 0

m m mE E E mX Y Z R+ + − =  (8) 

Substituting (5) and (6) in (8) and solving the equation obtained in relation to the 

coordinate 
mEZ  of the contact point Em we obtain: 

 
( ) ( ) ( )( )

1/22 2 2 2 2 2
1 1 2 2 1 1 2 2 1 2 1 2

2 2
1 2

1

1mE

k d k d k d k d k k R d d
Z

k k

 − ± − + + + − − =
+ +  (9) 

It should be noted that the curve of the profile of the teeth of the central wheel is 
equidistant from the trajectory of the motion of the origin mG  of the radius of the circle arc, 

and for any angle of rotation ψ of the crankshaft the condition 
m mE GZ Z<  must be met. 

After some transformations of the expression (9) the coordinate 
mEZ  can be 

determined by the relation: 

 
( ) ( ) ( )( )

1/22 2 2 2 2 2
1 1 2 2 1 1 2 2 1 2 1 2

2 2
1 2

1

1mE

k d k d k d k d k k R d d
Z

k k

 − − − + + + − − =
+ +  (10) 

Based on equations (5), (6) and (10) on the sphere of radius mR  the trajectory of the 

contact point ( )mE ψ  of the conjugated teeth in the gearing D,
CV CVA β

−  was interpreted 

depending on the precession angle ψ shown in Figure 2. The trajectory of the motion of the 

contact point of the conjugated teeth ( )mE ψ  represents the profile of the central wheel 

teeth in the middle section of radius mR  [4]. 
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Applying the design procedures from spherical trigonometry, similar to the gear with 
straight teeth, we determine the functions ζm=f(ξm) which represents the profile of the 

inclined teeth in the middle section with radius mR  in plane Cartesian coordinates and the 
function ζ1m=f(ξ1m) – which represents the motion trajectory of the origin of the curve of the 
circle arc in the middle section of the inclined tooth (see Figure 2). 

The profile of the central wheel teeth presented by the function ζm=f(ξm) is 

characteristic only for the median section with radius mR  of the inclined teeth. It should be 
noted that in any other sections along the tooth of the central wheel (see Figure 3) its 
geometric shape in cross sections are not similar to each other (concurrent) as in the case of 
straight teeth. From the analysis of Figure 3 we find that in the case of teeth inclined at the 
angle βg for Ri<Rm the cross sections of the tooth of the central wheel, in relation to the 

section with radius mR  are continuously decreasing, for Ri>Rm – the cross sections are 
continuously increasing, and their geometric shape differs from section to section. 

 
 

 
Figure 3. Geometry of the flank surface of the inclined teeth of the central wheel. 
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The shape of the flank profiles of the inclined tooth of the central wheel, depending 
on the radius mR  differs from each other with the influence on them of the taper angle β of 
the satellite wheel teeth calculated from the expression 

 i
i

rarctg
R

β =  (11) 

 

 
Figure 4. Evolution of the variation of the summary contact lines of the inclined teeth. 
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Figure 4 shows the length, variation and positioning of the contact lines of the 
inclined teeth engaged within the limits of the coverage area, which extends to the center 
angle α. From the analysis of the succession of entry and exit of tooth pairs in the gear area 
we find that the degree of coverage of the teeth in the gearing and the summary length of 
the contact lines of the geared teeth depends on the frontal coverage, determined by the 
multiplicity of gearing εf and longitudinal coverage εa depending on the angle of inclination 
of the teeth βg, including the configuration parameters [Zg-θ, ±1] and the change in the 
height of the teeth [5]. It is also observed that the contact lines between the inclined teeth 
are positioned in space so that their extensions are tangent to the cylinder with radius e. 

It should be noted that the inclination of the teeth leads to a decrease in frictional 
sliding in the contact of the geared teeth, because the conjugation of the teeth takes place 
by rolling depending on the angle θ. 

The profile of the inclined teeth of the central wheels in the middle section with 
radius mR  is considered as the basis for the elaboration of the process for generating the 

inclined teeth D,
m.axG β  on numerically controlled multi-axial machine tools [2]. 

 

2. Generation cil ,
m .axG β  of inclined teeth with conform contact on numerically controlled 

multi-axial machine tools 
The synthesis of the toothed precessional gear DA  with  straight teeth was based on 

the observance of certain geometric and kinematic conditions. One of the restrictive 
geometric conditions is to ensure the intersection of the extensions of the flank surface 
generators of the teeth of the conjugated wheels at the tip point of the conical axoids, 
which coincides with the precession center O. This condition defines the geometry of the 
straight teeth. 

Considering this common condition for gears DA  and BA , in all elaborated 
generation processes con

r .sG , disc
r .sG  and cil

m.axG  the condition that the extension of the tool 
contact lines with the blank must pass through the precession center O is complied with. In 
this case the teeth generated by the generating contour of the tool will be straight. 

The precessional gear D,A β  with the gearing D,
CV CVA β

−  with small difference of the 
radii of curvature of the conjugated profiles defined by the geometry of the contact of the 
flanks of the teeth as concave-concave gear can be made by the process cil ,

CV CVG β
−  with the 

cylindrical tool on numerically controlled multi-axial machine tools taking into account the 
peculiarities of the geometry of the conjugated teeth with the angle of inclination βg. 

The CAD/CAM design and fabrication stages of precessional teeth with inclined teeth 
are analogous to those of straight-toothed teeth provided that the geometric peculiarities 
representing the inclination of the teeth at the angle βg, shown in Figure 2, are considered. 

The essential difference between the processes cil
m.axG  and cil ,

m.axG β  of the generation of 

the flanks of the teeth with the gears D
CV CVA −  and D,

CV CVA β
−  consists in the fact that in the 

case of straight teeth the extension of the tool contact line and the profile of the generated 
tooth passes through the precession center O, and in the case of inclined teeth,  the 
generating contour of the cylindrical tool must ensure the generation of the tooth flanks 
according to p. 5 of the description of the mathematical model of the gear D,

CV CVA β
− . 
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For the elaboration of the process of generating the wheels of the gear D,A β  with 
the gearing D,

CV CVA β
−  resented in Figures 1 and 2 we define the shape and the positioning of 

the tool in relation to the blank by the following geometric and kinematic parameters [6]: 
1. The geometric shape of the conjugated teeth in the gearing D,

CV CVA β
−  and their 

positioning in space defined by the provisions p. 1 - p. 5 presented above, represent the 
obligatory premises of the generation process; 

2. The cylindrical tool has a radius rs that does not exceed the radius of the bottom 
curvature of the teeth in the section with the radius Ri of the tooth of the central wheel; 

3. The numerically controlled multi-axial machine tool communicates to the tool 
motions in relation to the blank, so that the generating contour of the cylindrical tool with 
radius rs ensures the generation according to p. 5 of the description of the mathematical 
model of the gear D,

CV CVA β
− . 

For roughing, the deep machining method was chosen. 
The deep machining method bends to the geometry of the part and has the 

advantage of using the active part of the cutting tool to a large extent. 
The machining method involves dividing the tooth machining into two parts: the 

upper part and the lower part of the tooth. The height of each part is 10 mm and each part 
is processed using the deep machining method [3]. 

For semi-finishing, the 3D machining method was chosen with constant steps - 
which involves traversing the surface of the teeth by the cutting tool - spherical milling 
cutter with two teeth and radius, for example 6 mm - with the same value. 

 

a) 

 

b) 

 
c) 

 

d) 

 
e) 

 

f) 

 
 

Figure 5. Manufacturing phases based on CAM modelling of the central toothed wheel with 
inclined teeth: CAD model (a); positioning of the blank (b); roughing of the toothed crown in 

3 axes (c); 5-axis machining of the flank surface, preventive (d), intermediate (e) and final (f). 
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The third operation is the finishing operation - using the same machining  method 
with constant steps - this time the machining is performed in constant steps with a 
spherical cutter with a radius for example of 3 mm and a pitch of 0.2 mm. 

In Figure 5 (a) to (f) the manufacturing phases of the teeth of the central wheel with 
inclined teeth in the gearing D,

CV CVA β
−  by the process cil ,

m.axG β  with cylindrical tool on 
numerically controlled multi-axial machine tools are shown: (a) CAD model; (b) - positioning 
of the blank; (c) - roughing of the toothed crown by three-axis milling; 5-axis machining of 
the flank surface, preventive (d), intermediate (e) and final (f). 

 

3. Conclusions 
1. The geometry of the concave-concave contact of the teeth in the gearing D,

CV CVA β
−  

depends on the parametric configuration [Zg-θ, ±1], and its bearing capacity - on the 
smallest possible difference in the radii of curvature of the conjugated profiles; 

2. The degree of coverage of the teeth in the gearing D,
CV CVA β

−  results from the frontal 
coverage determined by the configuration parameters [Zg-θ, ±1] and the longitudinal 
coverage depending on the angle of inclination βg and nutation θ; 
3. The relative frictional sliding between the flanks of the inclined teeth can be reduced by: 
rational choice of configuration parameters [Zg-θ, ±1], changing the shape of the teeth by 
cutting (shortening) their height so as to increase the quota of pure rolling of the 
conjugated teeth due to spherospatial motion; 

4. The generation of inclined teeth on numerically controlled multi-axial machine 
tools ensures the reduction of time and material resources for capitalizing new (non-
standard) gears ensuring superior surface quality and high dimensional accuracy. 

 
Bibliography 
1. Ion Bostan. Creation of multi-pair planetary precession gears. Doctoral dissertation (Dr. Hab.), Moscow 

State Technical University. N. Bauman. Moscow, Volume 1, 511 pages, Volume 2 (applications) 236 pages 
(1989) [in Russian]. 

2. Ion Bostan. Precision gears with multi-pair engagement // Chişinău, Știința, 356 p. ISBN: 5-376-01005-08. 
(1991) [in Russian]. 

3. Ion Bostan. Engagement for Precession Gears // Chişinău, Știința, 146 p. ISBN: 5-376-004848. (1988) [in 
Russian].  

4. I. Bostan, V. Dulgheru, C. Gluşco, S. Mazuru, M. Vaculenco.  Anthology of inventions. Vol. 2. Precessional 
planetary transmissions: Precessional gear generation theory, dimensional control, computerized design, 
industrial applications, invention descriptions. (Monograph). – Ch.: Bons Offices. 542 p. ISBN 978-9975-80-
283-3. (2011) [in Romanian]. 

5. Viorel Bostan. Mathematical models in engineering (Monograph). Chişinău, Bons Offices, 470 p., ISBN 978, 
9975-80-831-6. (2014) [in Romanian]. 

6. I. Bostan, V. Dulgheru, A. Sochirean, I. Babaian. Anthology of inventions. Vol. 1. Precessional planetary 
transmissions: structural syntheses, gear theory, kinematics, dynamics, resistance calculation, descriptions 
of invention. Monograph). – Ch: Combinatul Poligrafic, 593 p. ISBN 978-9975-4100-9-0 (2011). [in 
Romanian].  

 
 



Journal of Engineering Science Vol. XXVII, no. 4 (2020), pp. 37 - 44 
Fascicle  Industrial Engineering ISSN 2587-3474 
Topic Mechanical Engineering and Technologies eISSN 2587-3482 

Journal of Engineering Science  December, 2020, Vol. XXVII (4) 

 

DOI: 10.5281/zenodo.4288258 

  CZU 621.548 
 

EXPERIMENTAL OBSERVATIONS ON EFFICIENCY DIFFERENCE BETWEEN 
HELICAL AND STRAIGHT BLADED VERTICAL AXIS WIND TURBINES 

 
Ivan Rabei*, ORCID: 0000-0003-1097-2463 

 
Technical University of Moldova, Stefan cel Mare Bd. 168, MD-2004, Chisinau, Republic of Moldova 

*ivan.rabei@tcm.utm.md 
 

Received: 09. 12. 2020 
Accepted: 10. 22. 2020 

 

Abstract. While in operation, the straight bladed vertical axis wind turbines (VAWTs) are 
affected by the variations in loadings that result in torque and power oscillations. This 
problem is considered to be solved by adopting helical blades. However, the way this 
solution affects the turbine’s efficiency is not entirely clear thus this aspect was studied and 
the results are presented in this paper. Four small scale VAWTs were investigated. A set 
consisting of one straight bladed turbine and one helical bladed turbine was tested. The 
airfoil used for this case was the symmetrical NACA 0018. Except for the helical angle, the 
two turbines were defined by the same key parameters that refer to the: swept area, aspect 
ratio, solidity, chord length, number of blades, airfoil type and pitch angle. The results 
revealed that the helical turbine was more efficient than the straight bladed one, 
generating 53% more power at 12 m/s. Another set of helical and straight bladed versions 
was tested, this time based on the asymmetrical FX 63-137 airfoil camber out mode. 
Contrary to the first case, here the straight bladed turbine was more efficient than the 
helical version, generating 2 times more power at 11 and 12 m/s. 

 

Keywords:  asymmetrical airfoil, efficiency, experimental analysis, symmetrical airfoil, wind 
energy. 

 

1. Introduction 
Vertical axis wind turbines are known to be characterized by variations of loadings 

on the blades while in action that cause fluctuations in torque and power coefficients. Aside 
from the loadings issue, VAWTs are known to be less efficient when compared to horizontal 
axis wind turbines. The loadings problem is considered to be solved to a certain degree by 
adopting helical blades. However the efficiency of this version when compared to that of 
the straight blades is not entirely clear. 

The helical blades are characterized by the helical angle Λ that can take different 
values (Figure 1). There are papers that focus on how this angle affects the turbine’s 
performance. McIntosh et al [1] developed a Lagrangian based free vortex model for 
analyzing the performance of helically bladed VAWTs based on the symmetrical NACA 0021 
airfoil. The results showed that by increasing the helical angle, the efficiency decreases. 
According to the study, when compared to the straight bladed VAWT (Λ = 0°) a helical angle 
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equal to 50° lowers the power coefficient by approx. 0.1. On the other hand, a helical angle 
of 30° drastically reduces the amplitude of the loading variation. 

Scheurich [2] studied three VAWT types: with straight blades, with curved blades and 
with helical blades all defined by the NACA 0015 airfoil. The study was based on the 
Vorticity Transport Model. Like McIntosh et al [1], Scheurich writes that the helically bladed 
turbine was characterized by a lower variation of the power component but unlike 
McIntosh, the author points out a higher efficiency for the helically bladed VAWT over the 
curved bladed turbine followed by the straight bladed one [3]. 

 

 
Figure 1. Straight and helically bladed turbines. 

 

As from the sources above it is unclear which version would be more efficient, this 
aspect was analyzed and the results presented in this paper. Various sets of experiments 
were ran that involved four small scale wind turbines, two of which had straight blades and 
the other two of helical blades. Two airfoils were considered: the symmetrical NACA 0018 
airfoil as it is a common choice for VAWT applications and the asymmetrical FX 63-137 
airfoil that is among the recommended versions proposed by Bostan et al. [4]. Except for 
the airfoil types, the turbines were defined by the same key parameters and were subjected 
to the same wind conditions. 

 

2. Methodology 
2.1. Theoretical considerations 
The turbines’ performance was compared in terms of generated power and not 

power coefficient as it is usually done, thus the parameters that could influence their 
productivity were kept the same except for the helical angle. The definitions and roles of 
the parameters are given below. 

The power output P of a wind turbine can be calculated with the relation: 
 

𝑃 = 1
2
∙ 𝐶𝑝 ∙ 𝜌 ∙ 𝐴 ∙ 𝑈3     (1) 

 

where ρ is the air density, A – the turbine’s swept area, U is the wind speed and Cp is the 
power coefficient which is a non-dimensional value of turbine’s efficiency. One can notice 
that the power output is directly proportional to the swept area. In order to remove that as 
an influence factor the turbines were built with the same swept area. 
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For a straight bladed VAWT the swept area is confined by a rectangle, where one 
side is the turbine’s height and the other is its diameter. The ratio between the height and 
diameter is called the rotor’s aspect ratio – AR, which also influences the turbine’s 
efficiency [5 - 7]. As for the swept area, the compared turbines had the same aspect ratio. 

The cross section of a wind blade is characterized by the special aerodynamic shape 
called airfoil. Nowadays a large variety of airfoils are used, both symmetrical and 
asymmetrical. The line under which the symmetry is considered is called the chord c which 
connects the airfoil’s leading and the trailing edges. This is a particularly important feature 
when it comes to efficiency thus the blades of the turbines that were compared were 
defined by the same airfoil type. 

For a specific swept area and aspect ratio, one can choose different values for the 
airfoil’s chord length c, this way determining the turbine’s solidity σ. The solidity is defined 
as the ratio between the blades area and turbine’s swept area. The area of a straight blade 
is calculated by multiplying the chord length c and the blade’s length L which in this case is 
equal to its height h. Thus the solidity σ of a straight bladed wind turbine can be calculated 
with the relation: 

 

𝜎 =  (𝑁 ∙ 𝑐 ∙ 𝐿) 𝐴⁄ = (𝑁 ∙ 𝑐) 𝐷⁄     (2) 
 

where N – number of blades; D – turbine’s diameter. Once the swept area, the blade 
number and the aspect ratio are set, to change the solidity one can use the chord length c. 
Like the properties described above, the solidity greatly influences the turbine’s power 
coefficient. Moreover, it influences the turbine’s tip speed ratio (TSR). The tip speed ratio or 
rapidity λ is the ratio between the tangential speed of the blade and the wind speed. The 
graph presented in the Figure 2 shows the power coefficient dependence on the solidity 
determined with different chord lengths. The figure depicts a study of a straight bladed 
turbine of the height and diameter equal to 6 m and was done using the QBlade software. It 
can also be noticed that different solidity values induce different tip speed ratios. 

 

 
Figure 2. Power coefficient dependence on chord length. 

 

The solidity affects the turbine’s self-starting abilities, where a higher solidity is 
more convenient in this regard [8]. 

Most of the modern wind turbines have three blades. This option is selected by 
taking into account aspects like efficiency, structural loads and economic reasons [8-9]. 
Each of the turbines analyzed in this paper had three blades. 

The pitch angle β is the angle between the chord’s line and blade’s tangential 
velocity vector v. The angle β can take null, positive or negative values (Figure 3). When 
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designing a VAWT the optimal fixed pitch angle has to be determined as it affects the 
turbine’s efficiency [10]. In order to cancel its influence, the turbines that were analyzed 
had the same fixed pitch angle. 

 

 
Figure 3. Pitch angle of the rotor’s blade. 

 

2.2. Experimental setup 
The experimental setup consisted of two main components: the wind tunnel and the 

small scale wind turbine. The wind tunnel Gunt ET 220 that was used for the analysis was 
designed for studying a particular embedded horizontal axis wind turbine. In order to study 
VAWTs, the embedded turbine was removed along with the protection fences. The outer 
diameter of the tunnel is 610 mm which limits the size of the turbines that can be analyzed. 
The maximum wind speed varied between 11.5 and 12.5 m/s. 

The wind turbine was designed in a way that allows simple blade change so different 
types of blades can be easily attached to the turbine’s struts. This way the fixed tower, the 
supporting struts that define the diameter, the electric generator and electrical load 
remained the same whereas the different sets of blades that were attached formed different 
turbines (Figure 4). 

 

 
Figure 4. Experimental VAWT that allows changing different set of blades. 

 

Four sets of three blades each were prepared. Two sets consisted of straight blades 
and other two of helical blades, all of which were obtained by 3D printing. As the work 
volume of the 3D printer was limited, segments of blades were printed and then glued 
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together so that they formed an entire blade with the necessary length. For better rigidity, 
the blades were then taped so that it preserved the original aerodynamic shape. 

Two airfoil types were considered: the symmetrical NACA 0018 airfoil and 
asymmetrical FX 63-137 airfoil. One straight bladed turbine and one helical turbine had 
blades defined by the NACA 0018 airfoil. These two were tested together and their 
performance compared. The other turbines had blades defined by the asymmetrical airfoil 
FX 63-137 and were tested together. The chord length and the pitch angle were the same 
for all cases – 0.05 m and 0° respectively. The turbines had the height and the diameter 
equal to 0.4 m. These dimensions were chosen by taking into account the size limitations 
imposed by the tunnel’s diameter. Given these values, all turbines had the same swept area 
– 0.16 m2 and aspect ratio – 1.0. The turbines’ parameters are listed in the Table 1. 

The rotors were tested under different 
wind speeds, ranging from 7 m/s to 12 m/s. 
The power produced by the three phase 
generator was measured using a specially 
designed platform based on NI Elvis II which 
included the RELab module and a computer 
that ran a LabView application (Figure 5). The 
alternating current from the generator was 
converted into direct current by using a 
rectifier. The voltage and current produced 
were measured by involving the system’s 
variable load resistance. 

The device determines the power 
output once every few seconds (number that can be specified exactly). In our case data was 
collected once every 7 seconds which is the recommended time interval. 

Table 1 
The turbines’ parameters  

The parameter Helical blades Straight blades 

Rotor’s height, (m)  h 0.4 0.4 
Rotor’s diameter, (m)  D 0.4 0.4 
Number of blades, (/)  N 3 3 
Blade’s length, (m)  L 0.434 0.4 
Helical angle ( °)  Λ 67 0 
Chord length, (m)  c 0.05 0.05 
Swept area, (m2)  A 0.16 0.16 
Solidity, (/)   σ 0.375 0.375 
Aspect ratio (/)   RA 1 1 
Pitch angle, ( °)  β 0 0 
Airfoil types    NACA 0018 / FX 63-137  

 

3. Results 
First the straight and helically bladed turbines based on symmetrical NACA 0018 

airfoil were tested. Three measurements have been taken for every wind speed and the 

 
Figure 5. Data acquisition system NI Elvis 

II RELab. 
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average value was calculated. The results obtained are depicted graphically in Figure 6. The 
observed trends favored the helically bladed turbine which showed better results than the 
straight bladed version. At 12 m/s the helical turbine generated 48% more power than the 
straight bladed one, at 11 m/s it generated 53 % more and at 10 m/s the helical turbine 
produced 4 times more energy. As for lower wind speeds the turbines showed little or no 
performance at all, only the results for higher wind speeds are shown. 

 

 
Figure 6. The performance of straight bladed and helical turbines based  

on NACA 0018 airfoil. 
 

Second, the straight and helically bladed turbines based on the asymmetrical FX 63-
137 airfoil were tested.  

The asymmetrical airfoils can be positioned in two modes relative to the turbine’s 
axis: airfoil’s curvature (camber) oriented radially inward or outward (Figure 7). For this 
specific airfoil the inward curvature mode performed poorly compared to the outward 
orientation mode thus the last option was further adopted. 

 

 
Figure 7. Airfoil curvature (camber) oriented radially inward and outward. 
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The Figure 8 depicts the power generated by the two turbines. Unlike the previous 
case, the straight bladed turbine showed better results than the helical one. Thus at 11 and 
12 m/s it generated 2 times more power than the helical version. However at 10 m/s the 
helical turbine showed slightly better performance as for the NACA 0018 case. 

 

 
Figure 8. The performance of straight bladed and helical turbines  

based on FX 63-137 airfoil. 
 

It was calculated that the wind turbines were operating for a Reynolds number that 
varied up to an average of 40000. The value was calculated using the relative wind speed. 

 

4. Conclusions 
Four small scale vertical axis wind turbines were tested: two turbines with blades of 

helical shape and the other two with blades of straight shape. Two airfoils were considered: 
the symmetrical NACA 0018 airfoil and the asymmetrical FX 63-137. Except for the airfoil 
type and helical angle, all turbines were characterized by the same key parameters that 
refer to the: swept area, solidity, aspect ratio, chord length, number of blades and pitch 
angle. 

One straight bladed turbine and one helical bladed turbine based on NACA 0018 
airfoil were tested and the generated power compared. The helical version was more 
productive than the straight bladed one generating 48% more power at 12 m/s and 53% 
more power at 11 m/s. 

Another set of two turbines was tested, this time the asymmetrical FX 63-137 airfoil 
curvature (camber) outward mode was adopted. Contrary to the NACA 0018 case, here the 
straight bladed turbine was more efficient, generating 2 times more power at 11 and 12 
m/s. 

According to these results, the helical angle could be considered as an efficiency 
optimization solution but its effectiveness will depend on the adopted airfoil. Also it cannot 
be asserted that the helical configuration is more efficient than the straight bladed version 
or vice versa as this depends at least on the airfoil type. However, the helical blades 
advantage in terms of cyclic loads pointed out by different studies is not to be disregarded. 
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Abstract. In this paper, the design and elaboration of a cost-effective technological process 
for the fabrication of the platform for the study of flexoelectric properties of GaN 
microtubes with the diameter of 2 - 5 μm and the thickness of the microtube walls of 50 nm 
is proposed. The impact of the design as well as the electrochemical etching parameters 
(applied voltage, duration of anodization) on the obtained channel dimensions is 
investigated. The proposed technological route implies electrochemical etching of n-InP 
semiconductor crystal in an environmentally friendly electrolyte at high etch rate. The 
technological process was optimized experimentally. It was proposed to introduce a 
perpendicular channel in which the microtube will be placed to reach a higher stability on 
the platform during the measurements. 

 

Keywords:  investigation chip, anodization, flexoelectricity, isotropic etching, neutral electrolyte, 
high etch rate, porous InP. 

 

 Introduction 
In nature there are several types of effects that represent an influence of two 

phenomena, such as the influence of the magnetic field on a conductor or semiconductor 
through which electric current flows and as a result the trajectory of the charge carriers 
changes or uneven heating occurs, depending on the induction magnetic vector (Hall effect 
and Nernst effect respectively). In addition to these, other effects were discovered, 
including piezoelectricity, and later flexoelectricity.  

Piezoelectricity is an electromechanical effect that consists in applying a uniform 
mechanical stress to the polarizing sample. This effect was firstly observed in 1880 by 
Jacques and Pierre Curie when they applied pressure to a quartz crystal and it accumulated 
electric charge. It should be mentioned that this effect manifests itself in two ways: directly 
- when applying mechanical stress, the sample/crystal is polarized, and in the opposite way 
- when applying an electric potential lead to deformation. The materials in which this 
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mechanism manifests are called piezomaterials and they can be: crystals, ceramics, 
biological matter, such as bones, DNA and various proteins. 

The flexoelectric effect (from the Latin “flexura” - bending) refers to the appearance 
of electrical polarization in bodies during bending or any other type of non-uniform 
deformation. This phenomenon is quite common, because, unlike piezoelectricity, it does 
not imply symmetry restrictions on the choice of material, as long as it is dielectric. 
Flexoelectricity is observed not only in solids [1 - 3], but also in polymers [4, 5], liquid 
crystals [6], and biological tissues [7 - 9]. Unfortunately, electric polarization comparable to 
that obtained at piezoelectric effect cannot be obtained: it is not so easy to create the 
required gradients of mechanical stress in crystals, and flexible polymers have three orders 
of magnitude lower values of the flexoelectric effect. 

To date, scientifically has been proven that piezoelectricity can exist in 20 out of 32 
crystal symmetry classes. At the same time, materials that are able to create electric fields 
at bending, can belong to absolutely any class of symmetry [10 - 12]. Through slight 
stretching, the bending of the crystal lattice makes each atomic layer differ from the 
previous one. Such differences give rise to some changes regarding the placement of ions in 
the crystal lattice. As a result of such changes, an electric field arises. Due to the fact that 
intrinsic flexoelectric coefficients tend to be small [13], large deformations are required to 
achieve substantial flexoelectric responses. Nevertheless, the most increased 
manifestations of flexoelectricity tend to be found at the nanoscale, where large gradients 
can be easier achieved [14 - 17]. 

Nowadays, Si is the most used and popular semiconductor material due to its low 
cost and availability. Silicon is used for the fabrication of advanced semiconductor 
structures and devices for micromechanics, optoelectronics and microelectronics. Wet 
chemical etching in combination with photolithography is a basic process used for spatial 
shaping of the crystal. The phenomenon of anisotropic wet chemical etching in alkaline 
solutions has been widely reported in the literature [18 - 22].  

However, during the last two decades it was demonstrated that electrochemistry 
represents not only a cost-effective approach for nanostructuring of semiconductor crystals 
at high etch rate, but also an environmentally friendly tool due to controlled anodization in 
salty water [23 - 26]. The purpose of this work is to elaborate a technological platform via 
an alternative approach based on electrochemical etching in NaCl electrolyte of 
semiconductor compounds (InP in our case) suitable for flexoelectric investigation of 
semiconductor microtubes with the wall thickness about several tens of nanometers. 

 

The technological process and materials 
In this study crystalline 500-µm thick (100)-oriented substrates of sulfur doped n-InP 

with the free electron concentration of 1.2x1018 cm−3 were used. The samples were supplied 
by CrysTec GmbH, Germany. The wafers were cleaned by sonication in acetone for 15 min 
with subsequent washing in distilled water and drying. The native oxide was removed from 
the surface by dipping the sample in HCl/H2O solution with ratio (1:3) for 2 min. Before the 
anodization process, conventional photolithography was used to open windows in 
photoresist covering the top surface of samples. The sample was subjected to the 
photolithography process, using a positive photoresist (FR) and a strip-shaped mask with a 
width of 110 μm as well as a space between them of 35 μm. Then the areas not covered 
with photoresist were subjected to electrochemical etching. The sample with the electrical 
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contact prepared with silver paste was pressed against an O-ring in a Teflon cell, as shown 
in Fig. 1, and the surface of 0.2 cm2 area was exposed to the applied voltage of 5 V for 1 min 
in 3.5 M NaCl or 5% HCl electrolyte. The anodization was performed in potentiostatic 
regime at room temperature (T = 25 °C) in three electrode configurations with a Pt mesh 
with the surface area of 6 cm2 acting as counterelectrode (CE), a saturated Ag/AgCl 
reference electrode (RE) and the sample as working electrode (WE). The potentiostat was 
fully controlled via PC unit. The steering of the electrolyte was provided by Teflon agitator 
connected to the motor. The rotation speed of 150 r⋅min-1 was controlled by applied 
potential from an external power supply to the motor. The purpose of this step was to 
create a porous structure with pores large enough to easily destroy the walls between them 
and to obtain the desired channel. To remove the formed porous regions, the sample was 
held in HCl:H3PO4 solution with a ratio of 1:1 for 20 seconds. The morphology of the 
anodized InP samples was investigated using TESCAN Vega TS 5130 MM scanning electron 
microscope (SEM). 

 

 
Figure 1. Schematic representation of the electrochemical etching setup. 

 

Optimization of the platform design and technological approach  
It is obvious that when force is applied over the sample placed on a flat platform, as 

is shown in Figure 2a, we will not be able to extract any electrical signal due to the 
difficulty of creating a mechanical stain gradient and it is not excluded the risk to destroy 
the wall of the investigated microtube having thickness about 30-50 nm. Therefore, it is 
necessary to create a space in the platform under the microtube in order to be able to bend 
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the sample when a force is applied. It is proposed to form a channel under the investigated 
microtube, as is shown in Figure 2b. The desired channel can be introduced by anisotropic 
chemical etching of Si substrates with crystallographic orientation (100). Thus, according to 
Figure 2c, when the mechanical stress is applied, the GaN microtube will have enough 
space underneath for deformation. However, it should be noted that the given configuration 
of the “V” type channel is not perfect because the angle formed between the <111> 
direction with the surface of the platform is an angle of 135 degrees, which could prevent 
the free deformation of the microtube. 

In connection with this, it is proposed to modify the cross-section of the channel 
from „V” shape to semicircle „C”, as is shown in Figure 2d, e. The given configuration of the 
channel will expose as high angle as to allow bending of the microtube without any 
impediments. 

 

 
Figure 2. Schematic representation of the application of mechanical stress to a tubular 

sample. The cross-section of the substrate developed with a “V” shaped channel (b, c) and 
the optimized version with a semicircle “C” channel (d, e). 

 

Both shapes of the channels could be obtained via anisotropic and isotropic wet 
etching of Si crystals for the V-type channel and semicircle C-type channel respectively [3]. 
In the anisotropic etching, the etch rate is different for different crystallographic 
orientations, while isotropic etching is characterized by the same etch rate in all directions. 
Besides this, acidic and alkaline wet etching have different etch rates that define the 
anisotropy of the etching. The etch rate of alkaline solutions are generally lower than the 
etch rates in acidic etching solutions. One important particularity of the anisotropic etching 
is that alkaline etch processes are often performed at high temperatures (70-80 °C) 
reaching an etch rate of 1-2 μm⋅min-1. The etch rate can be increased to 2-4 μm⋅min-1 by 
increasing the concentration of the etchant solution, but the etch mechanism becomes 
more isotropic. At the same time, acidic etching is performed at low temperatures (6-20 °C) 
and is normally isotropic reaching etch rates up to 5 μm/min at 6-10 °C. Taking into 
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account that usually a KOH based electrolyte is used for anisotropic etching of Si, the 
inherent low etch rate and elevated temperature of the electrolyte leads to the attack of the 
photoresist protective layer on the crystal surface. 

The could serve as an alternative approach electrochemical etching of 
semiconductor crystals. It is known that electrochemical etching is a cost-effective process 
and has a high etch rate [23]. Based on this, it is proposed to form a porous layer in the 
regions not covered by the photoresist (channel region), then the process is followed by 
dissolution of formed porous layer in concentrated HCl:H3PO4 electrolyte, as it is described 
in the experimental section. Then, a dielectric layer from SiO2 or Si3N4 is deposited on the 
developed platform to provide short circuit protection of the investigated microtube. 

It is known that positioning of the micro-nanoobjects exactly on the channel is 
challenging. To solve this problem, the optimization of the mask design was proposed. It is 
proposed to create an array of parallel channels rather than an individual channel. The 
schematic representation of the main technological step is presented in Figure 3.  

 

 
Figure 3. (a) Schematic representation of the “C” channel formation via anodization of 
the semiconductor substrate through opened window in the photoresist. (b) Optical 
image of developed photoresist after exposure with UV light. The image is from InP 

surface.  
 

The choice of the electrolyte.  
Usually, the pores in semiconductors are introduced via electrochemical dissolution 

of materials in electrolytes containing acids such as HF, HCl, H2SO4, HNO3 etc. or in alkaline 
electrolytes. The nature of the electrolyte and its concentration have a strong influence on 
the morphology of porous layers produced via anodization process.  

In the last decade, to make the process of nanofabrication based on electrochemical 
etching broadly accessible and environmentally friendly, a part of research was focused on 
nanostructuring in neutral electrolytes. It was proposed and demonstrated using a neutral 
electrolyte based on an aqueous solution of NaCl instead of commonly used aggressive 
acids or alkaline electrolytes for the purpose of electrochemical nanostructuring of GaAs 
and CdSe substrates [24]. Subsequently formation of uniform porous layers and of porous 
InP membranes was realized for various applications, e.g. nonlithographic manufacturing of 
semiconductor nanotemplates for the deposition of metal nanotubes [25], and the 
development of gas sensors was demonstrated [26]. Recently, different porous 
morphologies produced by anodization in depth of a HVPE-grown GaN substrates with 
respect to the N- or Ga-face were reported [27].  

The results of porosification in neutral electrolyte of III-V and II-VI semiconductor 
compounds have been reported recently [23]. 
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Results and discussions 
In order to make more channels on the surface of the semiconductor crystal and to 

investigate the impact of the width of opened regions upon the final distance between the 
channels in the manufacturing process of the platform, photolithographic masks in the form 
of strips with a width of 35 μm up to 110 μm, as well as the space between the strips of 35 
μm were used (see Figure 3b). This study is motivated by the fact that electrochemical 
etching starts from the surface unprotected by photoresist (opened windows in photoresist), 
but once the pores grow with the time (t1), their direction of growth is directed also 
sideways. Thus, the channel width will be defined not only by the width of the space 
between the photoresist strips, but also by the electrochemical etching duration, as is 
shown in Figure 4 for porous region 1. However, with increasing of anodization time up to 
t2, pores in neighboring porous regions 1 meet each other forming an alternating porous 
layer. 

 

 
Figure 4. Schematic representation of the time evolution of porous layer in depth and 

under the protected by photoresist regions. 
 

The evolution of the thickness of produced porous layer during anodization is 
presented in Figure 5. For the purpose of comparison, and to demonstrate that anodization 
in neutral electrolyte is feasible, the electrochemical etching was performed in two 
electrolytes, namely HCl and NaCl. It can be seen, that the results of electrochemical 
etching in NaCl are not much inferior those inherent to etching in HCl. From the 
morphological point of view, the NaCl electrolyte provides conditions for the growth of 
crystallographically oriented pores al low applied current densities, passing in arrays of 
parallel pores in n-InP consisting of current line-oriented pores at higher current densities. 
It was established that the morphology and the mechanism of pore formation are the same 
as in the case of anodic etching in HCl electrolyte. Thus, an environmentally-friendly 
electrolyte based on aqueous solution of NaCl can be used for further exploration of pore 
formation in InP. 

As concern the etch rate, one can see from Figure 5 that it sharply decreases with the 
duration of anodization. This behavior is quite normal for electrochemical etching and can 
be explained by difficulties in penetrating of the fresh electrolyte from the surface-
electrolyte interface area into pores with diameter of 80 nm. Notwithstanding this, the etch 
rate is much higher e.g. 32 μm⋅min-1 for electrochemical etching compared with 4 μm⋅min-1 

in the case of chemical etching. 
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As was mentioned above, an important technological step consists in optimization of 
the anodization time for the purpose to stop the electrochemical etching after formation of 
the porous region 1, see Figure 4. 

 
Figure 5. Evolution of thickness of porous layer and etch rate of anodized InP crystal in 

NaCl and HCl electrolyte. 
 

Figure 6a illustrates a SEM image in cross-section and tilted of formed porous 
channel after 1 min of anodization in NaCl electrolyte. 

 

 
Figure 6. SEM images of the n-InP semiconductor substrate: (a) - after electrochemical 
etching in NaCl electrolyte for 1 min through opened windows in the photoresist; (b) - 

the semicircular channel obtained after chemical removal of the porous layer from (a); (c) 
– array of formed parallel channels on the same chip; (d) - after electrochemical etching 

for 2 min and chemical removal of the porous layer. 
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It was established that, as a result of anodization through photolithographic mask 
with strip width of 110 μm and the distance between them of 35 μm for duration of 1 min, 
followed by chemical dissolution of formed porous channel, we obtained a channel with the 
thickness of 32 μm and width of 67 μm, as is shown in Figure 6b. 

The width of the formed channel is more than 2 times larger than the width of the 
initial space between the strips. Respectively, between 2 consecutive channels are not 110 
μm, but 77 μm. Formation of parallel array of channels on the chip, as is presented in Figure 
6c, will allow easier positioning of microtubes on the channel. 

Usually, large quantities of micrometer-long nanowires or nanotubes can be 
obtained on different substrates. However, during the transfer on the chip, their length can 
be significantly reduced, e.g. via ultrasonic bath used to detach the nanotubes from the 
growth substrate. In the Table 1 we present the data regarding the width of opened 
windows in the photoresist and expected width of the resulted “C” shaped channel after 
electrochemical etching for 1 min in NaCl electrolyte. 

At a longer duration of electrochemical etching, the formed porous layer 
schematically represented in Figure 4 as the porous region 2, merges with the neighboring 
porous region, and after removal of the formed porous layers a large etch pit will be 
obtained (see Figure 6d) instead of a flat surface with array of channels presented in Figure 
6c. 

 

Table 1 

Correlation between width of opened windows in the photoresist and expected width of the 
“C” shaped channel. 

1 min etching of n-InP in 3.5 M NaCl at applied voltage 5V 

Width of opened windows in the photoresist, μm  10 35 70 100 

Width of the resulted “C” shaped channel, µm 45 70 105 135 
 

The following suggestion could be added to the technological process as a possible 
but not mandatory optimization. It is proposed to place the investigated microtube in a 
specially-created channel oriented perpendicular to channel 1, as it is shown in Figure 7a. 
For the formation of channel 2 an additional photolithographic process will be involved as 
well as an additional electrochemical etching for 30 sec which will result in the deepening 
of the channel at about 20 μm from the surface. The need in this channel 2 is motivated by 
the fact that the microtube will be deepened in the platform (see Figure 7b) and will have a 
higher stability than on the flat surface (especially under application of the mechanical 
stresses). 

 

 
Figure 7. (a) Schematic representation in top view and cross-section view in (b) of the 

optimized platform. 
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Conclusions 
We elaborated the design of the platform for the study of flexoelectric properties of 

GaN microtubes with the diameter of 2-5 μm and the wall thickness of 50 nm. The 
technological process was optimized experimentally, namely: the optimal width of the 
photolithographic mask strips, the space between them and the duration of the 
electrochemical etching were determined. It was proposed to introduce a perpendicular 
channel in which the microtube will be placed to reach a higher stability on the platform 
during the measurements. It was demonstrated that electrochemical etching in NaCl and 
HCl electrolytes differs not much from each other. Thus, the environmentally-friendly 
electrolyte based on aqueous solution of NaCl can be used for further exploration of pore 
formation in InP. 
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Abstract. This article provides a brief overview of stages of digital terrestrial broadcasting 
implementation in the Republic of Moldova. In 2015 Î.S. "Radiocommunications" built the 
first national multiplex MUX-A, which later in 2016 was put into operation. The mentioned 
multiplex provides with the DVB-T2 signal 6 national coverage areas located throughout 
the country. For the broadcasting of digital terrestrial television signals in the Republic of 
Moldova, there have been allocated the channels previously intended for analog terrestrial 
television, with a bandwidth of 8 MHz. Currently, television broadcasting is in Simulcast 
mode, when both analog and digital transmitters are working at the same time. As of 
September 1, 2019, 98% of the country's population has access to the DVB-T2 signal. 
 
 Keywords:  DVB, DVB-T2, Digital dividend, digital terrestrial network, SFN, Head End, T2 
Gateway, multiplex. 

 

 Introduction 
 The contemporary period is characterized by the advanced development of digital 
technologies for signal processing and transmission, their integration with communication 
and multimedia technologies. This phenomenon is caused by the emergence of new 
technological systems and new services that become increasingly intelligent. Globally, the 
end of the last millennium was marked by the beginning of transition to the digital 
television with the set standards adoption for different TV transmission systems. The 
implementation of digital technologies has significantly reduced the number of TV 
programs in analog format, and will lead to their disappearance in the near future. 

The advantages of digital television systems over analog television are undeniable: 
- The radio frequency spectrum is much more efficiently managed, because many 

audiovisual services can be transmitted in the frequency band of a single 
channel; 

- Digital image quality is better, because the signal is resistant to interference and 
noise. 
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- The viewer can receive additional information - such as the EPG table (Electronic 
Program Guide); 

- There is an opportunity to receive additional facilities like support and titles in 
different languages, etc. 

Currently in the world, several digital television systems are put into operation, such 
as: 

- DVB (Digital Video Broadcasting) [1], – is a system implemented in the countries 
of the European Union, Russia, Australia, Ukraine, the Republic of Moldova, in 
most African countries;  

- ATSC (Advanced Television Systems Committee) [2] – is a system implemented in 
the United States, Canada, Mexico, Argentina, Taiwan and South Korea; 

- ISDB (Integrated Services Digital Broadcasting) [3] – is a system implemented in 
Japan, South America and other countries of the world;  

- DMB (Digital Multimedia Broadcasting) [4] – is a system implemented in China, 
Cuba, Hong Kong and other countries. 

DVB - is a set of standards in digital television, developed by an international 
consortium operating under the name DVB Project, today, consisting of about 300 
companies from 35 countries. These standards are known as: 

- DVB-T, DVB-T2 - terrestrial broadcast;  
- DVB-H, DVB-SH, DVB-H2 - for portable devices; 
- DVB-S, DVB-S2, DVB-S2X - satellite transmission;  
- DVB-C, DVB-C2 - cable transmission. 
DVB-T [5, 6] and DVB-T2 [7, 8] (Digital Video Broadcasting - Terrestrial) systems, 

offer technical solutions for various applications in the field of digital terrestrial television. 
The implementation of these technologies has allowed the reorganization of the radio 
spectrum previously intended for analog terrestrial television, releasing the top of the 
spectrum (694-790MHz and 790-862 MHz) for other new telecommunications services. 
According to statistics on the distribution of digital terrestrial television standards, DVB-T 
and DVB-T2 are prevailing in the world, see Figure 1. 

 

 
Figure 1. Distribution of digital terrestrial standards in the world. 
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Due to geographical location of the Republic of Moldova, currently are used DVB-T and 
DVB-T2 standards. In the near future, will be used only the DVB-T2 system. 

 

Distribution of the radio spectrum 
In 2006 in Geneva, under the auspices of ITU (International Telecommunication 

Union), was held the Regional Radiocommunication Conference (RRC-06) on the digital 
terrestrial broadcasting service planning. According to the provisions of the Regional 
Agreement, signed under RRC-06, since June 17, 2015, the Republic of Moldova has 
assumed responsibility for the implementation of digital terrestrial television. Also, in RRC-
06 it was adopted a new frequency plan, which defined the use of bands III (VHF - 174-230 
MHz) and IV / V (UHF - 470-862 MHz) for digital terrestrial transmission. According to the 
final documents RRC-06, the territory of the Republic of Moldova was divided into 6 
national areas, see Figure 2. 

 

 
Figure 2. Location of national digital terrestrial television areas in 

the Republic of Moldova. 
 

Initially, for each national area there were allocated 6 channels (by total 36 channels 
/ frequencies). Also, the territory of the Republic of Moldova was divided into 12 regions to 
which were allocated 26 channels / frequencies. 

By the Decision of the Republic of Moldova Government no. 116 of 11 February 2013  
the spectrum 790-862 MHz (channels 61-69), also called the “Digital dividend-1”, was 
transmitted to the management of mobile operators. At the World Radio Conference, held in 
Geneva in 2012, it was recommended to examine the possibility of using the band 694-790 
MHz (channels 49-60), the so-called "Digital dividend-2", for mobile electronic 
communications services. 

Taking into account the “Digital Dividend-1” and the “Digital Dividend-2”, in the 
Republic of Moldova 3 digital terrestrial multiplexes with national coverage can be built (2 
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multiplexes in UHF band and 1 multiplex in VHF band), as well as 21 regional digital 
terrestrial multiplexes. 

For the broadcasting of digital terrestrial television signals in the Republic of 
Moldova, there have been allocated the channels previously intended for analog terrestrial 
television, with a bandwidth of 8 MHz. 

Currently, Republic of Moldova is going through a transition period in which coexist 
both TV networks broadcasting signals, analog and digital. Since June 17, 2015, analog 
television channels have no protection in case of disturbances caused by digital television 
channels. 

 

Coding and multiplexing of audiovisual content from the input of digital television 
system 
The final destination of DVB-T, DVB-T2 digital television systems is to transmit more 

services in the frequency band to a TV channel (TV programs, RD programs, teletext, EPG 
table, etc.). To achieve this purpose it is necessary to perform the procedure of encoding 
(compressing) the audiovisual content at the input of the system and its subsequent 
multiplexing. The functional scheme of the coding and multiplexing station of digital 
television signals is demonstrated in Figure 3. In the first stage it is performed the encoding 
of the digitized audiovisual content, then are made two levels of multiplexing. At the first 
level the component parts of a service are multiplexed (Program multiplexer). The second 
level of multiplexing involves the multiplexing of components that refer to different 
services (Transport multiplexer). 

 

 
Figure 3. Functional diagram of the encoding and 

multiplexing station of digital signals. 
 

The coding and multiplexing station is defined by the name "Head End" and is the 
central part of any digital television system. At the output of the "Head End" station, is 
obtained the packaged digital stream, which is transmitted to the inputs of the DVB-T2 
transmitters of the digital terrestrial network (according to the system specifications). 

The implementation of digital television systems is possible only with using in 
conjunction technologies for encoding (compressing) of digitized audiovisual content [9]. 
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The string of digital signal encoding standards is known as MPEG (Moving Pictures Experts 
Group). Currently in the world there are two standards of digital video compression that are 
widely used: H.262 / MPEG-2 [10]  and H.264 AVC / MPEG-4 [11]. The H.265 HEVC / MPEG-H 
standard [12] has also recently been developed, which contains some undeniable 
advantages in terms of system capacity. 

This standard is already beginning to be implemented in many countries around the 
world. It should also be noted that the Audio signal in DVB-T, DVB-T2 systems is encoded 
according to the MPEG-1 Audio Layer II [13]. 

In 2003 S.E. «Radiocommunications» (the national operator in the field of terrestrial 
broadcasting) put into operation the first "Head End" station of H.262 type, which with the DVB-T 
system provided digital terrestrial television services in Chisinau for 8 years. At the beginning of 
2011, the H.264 type encoders were put into operation, which today are still in operation, 
providing with digital signal 2 stations from Chisinau and at the same time the first national 
digital terrestrial television multiplex. In 2017, the company's specialists performed technical 
tests of H.265 encoders in order to apply, in the near future. This modern technology stay to the 
formation of national digital television multiplexes. The real tests, which were carried out in 
Chisinau on 58 channel, demonstrated the efficiency of the new compression technology. The 
capacities of the H.264 and H.265 compression systems (for a Video signal), obtained following 
the tests performed by the S.E. «Radiocommunications» in the years 2016-2017 are presented in 
Figure 4. 

 

 
Figure 4. Compression capabilities of H.264 and H.265 systems. 

 

Based on the arguments presented to the Ministry of Information Technology and 
Communications, by Government Decision no. 52 of 01.02.2017, [18] H.264 and H.265 
technologies were approved as national compression standards. In order to make optimal use of 
the radio spectrum, in a perspective for the Republic of Moldova is provided the migration from 
the H.264 coding system to the H.265. 

 

DVB-T2 digital terrestrial broadcasting system 
The DVB-T2 system can work in the composition of traditional terrestrial networks 

MFN (Multi Frequency Network) and also in the composition of synchronous networks SFN 
(Single Frequency Network). At the same time, the flexibility of the DVB-T2 standard [1] 
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allows the implementation of digital terrestrial networks on the existing infrastructure of 
terrestrial networks. 

A terrestrial broadcasting network with a single SFN frequency consists of a group of 
transmitters that simultaneously transmit the same signal, on the same carrier frequency, 
without essentially interfering with each other and at the same time forming the same 
service area. The important advantages of SFN networks, compared to traditional MFN 
broadcasting networks, are the following: 

- Efficient use of radio frequency spectrum;  
- Significant reduction of the shadow areas in the service area;  
- More uniform distribution of field strength within the service area, etc. 
The implementation of SFN technology is facilitated by the method of modulation 

with orthogonal frequency division, the so-called COFDM (Coded Orthogonal Frequency 
Division Multiplexing), which, under certain conditions, ensures signal decoding when 
several useful radio signals arrive at the receiving point. 

The DVB-T2 system provides two modes of operation [14]. The first is called "System 
A." In this mode, the transport stream from the output of the coding and multiplexing 
station is fed directly to the input of the modulator. This mode does not provide for the 
deployment of SFNs. 

The second operating mode - "System B", is intended for the deployment of single-
frequency networks and provides for the separation processing of input streams between 
the "T2 Gatway" gateway and the network modulators, see Figure 5. In this case, the logical 
streams from the output of the coding and multiplexing station are preliminarily fed to the 
inputs of the physical channels of the the "T2 Gatway" station. 

 

 
Figure 5. Structure of SFN DVB-T2 cluster. 

 

Thus, the transmitting part of the DVB-T2 SFN network consists of 3 basic elements: 
an audio-visual content encoding and multiplexing station; gateway "T2 Gateway"; and a 
group of DVB-T2 transmitters. The first two elements form the so-called “Head End” central 
station. 

At the design stage of terrestrial digital broadcasting networks in the Republic of 
Moldova, it was decided that during the construction of multiplexes with national coverage, to 
provide coverage with a DVB-T2 signal to each of the national zones by deploying single-
frequency clusters. In this case, 6 channels are needed for the implementation of multiplex with 
national coverage, see Figure 1. 
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Implementation of the pilot project 
Starting with 2003, in Chisinau, the works were initiated for implementation of the 

pilot project of digital terrestrial broadcasting. 
Currently in Chisinau, under test mode, there are 2 digital transmitters, DVB-T and 

DVB-T2 that broadcast digital packages with TV and RD programs on 56 and 58 channels. 
These transmitters operate in "System A" mode and are installed at the Central Signal 
Processing and Distribution Station (SCPDS) where are located the "Head End" station and 
the set of equipment (encoders, multiplexers, switches, etc.). The digital packets 
compressed in MPEG 4 format and later multiplexed, are applied to the input of DVB-T and 
DVBT2 transmitters, which operate on an antenna through a special adder. 

The operation of digital transmitters DVB-T (56 channel) and DVB-T2 (58 channel) 
ensures a coverage area of Chisinau with the digital television of approx. 30 km. TV programs 
are broadcast with standard image resolution (SD). 

 

Implementation of the first national Mux-A multiplex 
In 2015 S.E. «Radiocommunications» built the first national MUX-A multiplex, which 

in 2016 was put into operation, based on the H.264 AVC / MPEG-4 encoding system. DVB-
T2 technology was adopted in the Republic of Moldova as a standard for the deployment of 
national digital multiplexes. In order to optimize resources (rational use of the radio 
spectrum, use of existing infrastructure, reduction of the shadow area zones), it was decided 
to build single-frequency clusters, within the service areas. To accomplish this task, at the 
Head End station was installed a T2 Gatway, from the output of which T2-MI interface 
packets are fed through the ground distribution network to the inputs of 17 transmitters 
mounted on the technological areas of the existing infrastructure of the enterprise. Service 
areas were formed by setting carrier frequencies in transmitter modulators. All other 
configuration parameters of the clusters have been configured in the T2 Gatway device. 
Thus, using one T2 gateway and 17 high and medium power transmitters, were created 6 
single frequency service areas. The configuration of the Mux-A (6 SFN clusters) 
configuration parameters was done by using the “T2 Gateway” menu options, see Figures 6-
9. In general terms, the SFN DVB-T2 network configuration is divided into the following 4 
groups: setting the system operation modes; setting up network operation modes; configuring 
DVB-T2 frame resources; setting PLP parameters. 

 

 
Figure 6. Menu "T2 Gateway": Option - Input Settings. 

 

The coverage map of the first national Mux-A multiplex is shown in Figure 10. 
Currently, the multiplex has 17 high and medium power transmitters.  

This provides access to the DVB-T2 signal for 95% of the country's population. 
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Figure 7. Menu "T2 Gateway": Option - Network Settings. 

 

 
Figure 8. Menu "T2 Gateway": Option - T2 Frames Settings. 

 

 

Figure 9. Menu "T2 Gateway": Option - Physical Layer Pipe Description/Transmission 
parameters. 
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At the same time, after disconnecting the analog broadcasting network, a number of 
technical measures will be carried out aimed at increasing the percentage of population 
coverage with a signal. For this purpose, it is planned to install about 60 low-power 
transmitters in the shadow zones located along of the Prut and Dniester rivers. This 
measure will increase the coverage of the population with the signal of the first national 
multiplex to 99%, see Figure 11. At the same time, it was decided to use the infrastructure 
of fiber-optic networks for transporting traffic flow to the input of low-power transmitters 
deployed in shadow zones, access to which in the Republic of Moldova is available in 
almost every locality. 

 

 
Figure 10. Mux-A coverage map in the transition regime (Simulcast). 

 

 
Figure 11. Mux-A coverage map after stopping analog television broadcasts. 
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Construction of the second national multiplex Mux-B 
In 2016, S.E. «Radiocommunication» built the second national multiplex MUX-B 

which is ready to be put into operation, after stopping broadcasting of the national analog 
terrestrial television networks. 

 

Conclusions 
1. Currently, the Republic of Moldova is going through a transition period in which 

both TV networks coexist, analog and digital signals. At the same time, based on the fact 
that a large part of the population in rural areas does not have DVB-T2 converters, the 
transmission of television signals in analog format remains current. 

2. Starting with 2003 in Chisinau, under test mode, there are 2 digital transmitters, 
DVB-T and DVB-T2, that broadcast digital packages with TV and RD programs on 56 and 58 
channels. 

3. Starting with 2016 in the Republic of Moldova the first national multiplex of 
digital television Mux-A (UHF range) was put into operation. At the same time, it has been 
built and is ready to be put into operation the second national multiplex Mux-B (UHF 
range). 

4. Despite the fact that the transition to digital terrestrial television is slow, from a 
technological and legislative point of view, the Republic of Moldova is aligned with the 
latest standards. 

5. The decision on the licensing and implementation of the national Mux-C multiplex 
(VHF range) and regional multiplexes will be able to be taken by the country's regulatory 
bodies after the stopping of analogue television networks and depending on the requests of 
national, regional and local operators. 
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Abstract. Energy represents an important component of agriculture and essential to the 
sustainable production of poultry meat and egg. Despite several efforts at ensuring self-
sufficiency in the local production of poultry products through the provision of fast-growing 
disease-resistant breeds, high energy feeds and improved health care amenities, little 
efforts have been made in the estimation of critical energy needs of the poultry industry in 
Nigeria. This study investigated the daily energy utilization pattern of 10 selected 
commercial poultries farms in a major agricultural state in the country, Ogun State Nigeria. 
The study was carried out using a structured questionnaire, oral interview, and site 
observation. The predominant sources of energy alongside the mean daily energy were; 
electricity (37053 MJ, 36%), Diesel (2868 MJ, 30%), petrol (606.30 MJ, 29%), human labour 
(76.23 MJ, 4%) and other sources of energy (13.16 MJ, 1%). There was a weak relationship 
between the total energy consumed per day and the poultry capacity (R2 = 0.3772). The 
Anova of Energy Use, feed consumption, bird weight and egg production showed no 
significant difference across the farms (P=0.301886, α=0.05). Feeding, water pumping, 
ventilation and lighting (heating) were the major energy consumers on the farm. 

 

Keywords:  electrical energy, energy content, poultry feeds, liquid energy, manual energy. 
 

 Introduction 
 Generally, agriculture and allied industries such as the production of machinery, 
fertilizers, feed concentrate for livestock, agrochemicals, water, and agro-processing, is an 
energy-intensive activity [1] which is faced with the task of meeting the increasing demand 
for high-quality food, and fibre in addition to being cost-effective and sustainable [2]. Thus, 
energy remains an indispensable input of any production venture and it therefore 
represents a key index of agricultural production. Energy cost is a significant component of 
the operational expenses incurred running a poultry production facility [3].For instance, 
energy costs of electricity and fossil fuel, constitute more than 50% of cash expenses of 
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growers producing poultry facilities [4]. Due to the economic implications and operational 
characteristics of poultry production, farmers have a limited set of production variables and 
profitability is often enhanced through reducing operating costs [3] and optimization of the 
controllable variables. Following government’s policy on restriction of poultry importation 
into Nigeria, there has been an increase in the number of poultry farms in the country [5]. 
However, despite the policy, poultry production has not been able to keep pace with the 
surging demand for poultry products for domestic consumption and industrial end use 
respectively [6]. This could be as a result of the farmers limitation in terms of appropriate 
technology adoption and energy mix to power large scale poultry production efforts as 
identified by Jekayinfa [5, 7], FAO [8, 9]. 

Energy use in poultry production is an area of interest to so many researchers and 
different studies have been carried out to evaluate, characterize and improve the efficiency 
of the poultry industry at the small, medium and commercial levels respectively. Jekayinfa 
[7] investigated the energy utilization pattern of selected typical mechanized farms in Oyo, 
Ogun and Osun States of Nigeria where he discovered that the average energy consumption 
per year in poultry production was 90.74 GJ with fossil fuel and electricity making up 58% 
and 42% respectively of the total energy used. Also, Jekayinfa [5] carried out an energy 
audit of poultry processing plants in southwestern Nigeria where he discovered that 
scalding and defeathering processes were the most energy-intensive unit operations in all 
the unit operations investigated as they averagely accounted for about 44% of the total 
energy consumption in the processing plants while eviscerating, slaughtering, washing & 
chilling and packing consumed 17.5% 17% 16% and 6% respectively. Liang et al. [3] 
discovered that the energy use for ventilation and lighting comprised about 87% of the 
total energy usage in both enclosed and open curtain poultry systems in Northwest Arkansa 
over a 17 year period. Firouzi [10] also carried out an energy audit for broiler production in 
Northern Iran over two production seasons where he observed labour, fossil fuel and 
electricity as major energy sources during his study. Similar observations were recorded by 
Amini et al. [11], Kalhor et al. [12], Amid et al. [13], Kilic [14], Heidari et al. [15],  Yamini et al. 
[16] and  Najafi et al.[17].  

Despite targeted measures to revive the economy and encourage the local poultry 
farmers by the federal government to increase poultry production in Nigeria; these efforts 
are yet to produce the desired expectations. Hence, the productivity of the poultry industry 
(poultry meats, eggs etc.) is still much behind in terms of availability and affordability of 
poultry products compared to other livestock. The reduction in livestock productivity 
experienced in recent times may not be unconnected to the pattern of energy use in the 
production process among other factors.  The energy use is central in the production 
process and therefore must be properly recognized and applied appropriately at different 
levels of the production process. It is against this background that the understanding of 
energy use patterns will contribute to the knowledge needed to improve poultry production 
capacity and therefore the main focus of this study. 

Energy use pattern generally varies in different poultries in Ogun state which affects 
the rate of growth of poultry production. Additionally, there is very little information on the 
state of energy utilization of many poultry farms in Ogun State which could serve as a tool 
for policymakers and researchers in making the right energy policies as well as improving 
the efficiency of existing energy utilization pattern respectively. This study, therefore, 
examines the different energy use patterns of selected poultry production farms in Ogun 
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state with the view of explaining the effect of the energy use on the production process. 
Specifically, this study identifies the major energy sources in use, determine consumption 
levels of each energy source as well as to determine an energy consumption index for each 
selected poultry farm. 

 

Materials and Methods 
Sampling Method and Sample Characteristics 
Ten commercial scale poultry farms were randomly selected across the four 

geopolitical areas of Ogun State Nigeria (7° 0′ 0″ N, 3° 35′ 0″ E) which include Remo, Ijebu, 
Egba and Yewa axes of the State.  The structural composition of poultry housing is majorly 
the combination of steel and wire frame housing units on a concrete foundation. The major 
units of each poultry were identified and information about the daily operations retrieved 
from each of the production units. 

 

 
Figure 1. Map of the Study Areas. 

 

Data Collection 
Data was collected from each poultry through the following methods:   

I. ON-site study of all unit operations at each poultry. 
II. A structured questionnaire was administered on patterns of energy use by the 

above-mentioned poultry for one day and information about their routine for 
the month. 

III. Oral interviews 
 

Energy 
The energy inputs and the energy use on the poultry farm were calculated based on 

the sources and types of energy consumed on the farm for the working hour per day in line 
with Abubakar et al. [18], Adetifa and Oyewole [19] and Babalola et al. [20]. 

 

Energy Input 
The source of power will be investigated to determine power consumption. And in 

estimating the energy available and consumed, the following empirical formulas reported 
by Abubakar et al. [18]. The inputs of poultry production systems include machinery, fossil 
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fuels, electricity, labour, feed, while the output includes poultry birds, eggs and poultry 
wastes or litter [10]. 

 

Evaluation of Manual Energy Input: Manual energy input was estimated from Eq. (1) 
and Eq. (2) for male and female workers respectively; 

 

 EMm = 0.75Ta (1) 
 

 EMf = 0.68Ta (2) 
 

Where; EMm is the male manual energy input (MJ), EMf is the energy input, from a female 
adult (MJ), 0.75 is the energy factor of an average adult male (MJh-1), 0.68 is the energy 
factor of an average adult female (MJh-1), Ta is the useful time spent by a worker per unit 
operation (h). 

 

Evaluation of Liquid Fuel Energy: The Liquid fuel energy was estimated using Eq. (3) 
and Eq. (4) for diesel and petrol, respectively. 

 

 EFLD = 47.8D (3) 
 

 EFLP = 42.3P (4) 
 

Where; EFLD is the liquid fuel energy input for diesel, (MJ), 47.8 is the unit energy value of 
diesel, (MJL-1), D is the Amount of diesel consumed per unit operation, (L), 42.3 is the unit 
energy value of petrol, (MJL-1), P is the amount of petrol consumed per unit operation, (L). 

 

Electrical Energy: Data on electricity consumption (kWh) was estimated from the bills 
collected over the month under review [18]. These values were converted into common 
energy unit (MJ) by using appropriate coefficient (Eq. 5) 

 

 EE = 11.99 * kWh, MJ (5) 
 

Hence for each of the unit operation, the total energy used would become: 
 

 Total Energy is, ET = EM + EFL + EE (6) 
 

Energy Use Ratio 
The total energy content (energy output) of finished product was first estimated from 

the energy content of the finished products (EFP) of meat, egg, machinery output, birds. This 
was evaluated from Eq. (7). 

 

 EFP  =  MFP  × ECP (7) 
 

Where; EFP is the total energy content of finished product (MJ), MFP is the mass of finished 
product (kg), ECP is the energy content of a unit mass of product (MJkg-1). 

The energy use ratio was evaluated from Eq. (8): 
 

 EUR =  EFP / ET  (8) 
 

Where; EUR is the energy use ratio, EFP is the total energy content of finished product (MJ), ET 
is the total energy input for operation (MJ). 
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Results and Discussions 
The predominant unit of importance in all the sites visited was the breeding units 

where poultry birds are kept for their egg production or till eventual maturity for sales as in 
the case of the broilers. Data obtained from the field shows that 50% of the poultry farms 
rear only layers while the other 50% rears both layers and broilers. 

 

Poultry Characteristics 
Figure 2 shows the bird population in each of the poultry farms covered by this 

study. The farm with the highest bird population has 100,000 birds consisting of layers 
birds only. While the farm with the least birds has 2000 layer birds population. 50% of the 
farms are into egg production only while the other 50% are into the production of eggs and 
meat. 

 

 

Figure 2. Bird population across various farms. 
 

The unit weight (kg) of birds, daily feed and water consumption levels of the 
selected farms are highlighted in table 1. The weight of a bird in this context refers to the 
average weight of a bird on each poultry farm visited. From table 1, the result revealed that 
the majority of the birds weight falls in the range of 1.1-1.5 kg which means that 66.67% of 
poultry has a regular weight of 1.3 kg. 11.11% are in the range of 1.91-2.3 kg range and the 
rest falling into the 1.51- 1.9 kg category occupying 22.22% of the total bird population.  

The weight of the feeds per bag is 25 kg which consisted of required nutrient which 
helps birds grow properly. The mode of feeding can be either automated or manually and 
there feeding pattern also determines the number of bags they consume per day. Table 1 
also shows their feeding pattern and consumption percentage of the considered farms. 
Results show that those that feed twice daily has the highest percentage (50%) which 
ranges from 1-500 kg of bags per day with a little population of birds, range of 501- 1000 
kg which is (20%) feeds thrice daily with little population, range 1001- 1500 kg which is 
(20%) feeds twice daily with a large population and above 1500 kg which is (10%) feeds 
thrice daily.  
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Table 1 also reveals the various sources of water available to the farms. The daily 
consumption of water ranged from 1000 litres to 50,000 litres, while the source of water 
were a combination of well and drilled boreholes. The water from the wells went through a 
set of treatment tanks before being fed to the poultry birds, while routine tank washing was 
usually done to the borehole sourced water. 

Table 1 shows that 42.9% of the farms discharge their waste as manure, 28.6% 
discharges their waste as composting, 21.4% flushes it off and 7.1% burns it. None of the 
farms visited had a biowaste energy conversion plant. Table 1 also shows the different 
types of materials stored in the poultry farms. It was observed that 31% stored feeds only, 
30% stored both feeds and eggs, 30% stored eggs only, 6% stored meat using cold rooms 
while 3% has storage for feeds, eggs, and meats on their farms. 

Table 1 
Poultry Characteristics 

 

Poultry Farm Workers  
The manual labour chart is shown in figure 3. It was observed that the number of 

workers varied according to the capacity holding of the farm. The result from table 2 shows 
that females dominated the farms with the working hours of 8 and 9 hours daily while 
working hour 10 is dominated by males. It was observed that 50% of the farms visited 
works for 9 hours daily, 30% works for 8 hours daily and 20% works for 10 hours daily. 

 

  Categories Percentage 

Unit weight (kg) 
1.1-1.5 66.67% 

1.51-1.9 22.22% 
1.91-2.3 11.11% 

Daily feed consumption (kg) 

1-500 50% 
501-1000 20% 

1001-1500 20% 
Above 1500 10% 

Daily water consumption (Litres) 

1-10000 30% 
1001-2000 30% 
2001-3000 10% 
Above 3000 30% 

Water source 
Borehole 62% 

Well 23% 
Borehole and well 15% 

Waste management technique 

Flushing 20% 
Manure 40% 
Burning 5% 

Composting 25% 

Products stored 

Meat only 6% 
Eggs only 30% 
Feeds only 31% 

Feeds and eggs 30% 
Feeds, meats and eggs 3% 
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Figure 3. Number of workers with the corresponding working hours. 
 

Manual Energy Analysis 
Table 2 shows the manual energy consumed at the poultry using equations 1 and 2. 

The result shows that the higher the capacity the higher the energy consumed. It was 
observed that energy from female workers is more which is because female workers 
dominate more of the poultry farms.  

Table 2 
Descriptive statistics on manual energy (n=10) 

Statistics 
Energy From Male 

Workers (MJ) 
Energy from Female 

Workers (MJ) 
Total Manual 
Energy (MJ) 

Mean 37.13 39.10 76.23 
Standard Deviation 39.24 49.56 61.62 
Range 135.00 171.36 196.11 
Minimum 6.75 0.00 22.50 
Maximum 141.75 171.36 218.61 

 

Electricity from National Grid  
It was observed that 50% of the farms visited depended on electricity as one of the 

major sources of energy to drive their operations. Critical among the major needs for 
electricity include: operating electric motors, water pumps, lighting, ventilation, and cold 
storage respectively which agrees with the findings of Liang et al. [3] and Firouzi [10]. Table 
3 shows the descriptive statistics of the electrical energy used across the sites visited. The 
corresponding costs of electricity were obtained from the monthly electricity bills of the 
various farms respectively.  

Table 3 
Descriptive statistics of energy from national grid (n=10) 

Statistics Energy Consumption (MJ) 
Mean 37053.06 

Standard Deviation 71361.15 
Range 191857.14 

Minimum 2428.57 
Maximum 194285.71 

The maximum electricity cost of N400,000 at was observed at farm H (100,000 bird 
population) which translates to energy value of 194285.71MJ (1 Kwh of electricity = N30.86 
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[21]) the minimum cost of N5000 (2428.57 MJ) was recorded at farm C with 2000 birds and 
mean value is N76285.71(37053.06 MJ) across the farms. The major electricity needs were 
water pumping, feed mixing, lighting and ventilation which are in line with the findings of 
Liang et al. [3], Jekayinfa [6] and Firouzi [10]. 

 

Liquid Fuel Energy Consumption 
The energy expended in the operation of petrol engine/generator in the various 

poultry had the highest values of energy use accounting for more than 90% of the total 
energy used. Table 4 shows that farm with a bird population of 24000 uses petrol, diesel 
and as liquid fuel which makes it the highest energy consumed per day from liquid fuel. 

Table 4 
Descriptive statistics on daily liquid fuel energy consumed (n=10) 

Statistics Petrol Energy (MJ) Diesel Energy (MJ) Kerosene Energy (MJ) 
Mean 606.30 2868 13.16 
Standard Deviation 582.54 2027.98 30.76 
Range 1903.5 2868 94 
Minimum 211.5 1434 0 
Maximum 2115 4302 94 

 

It was observed from the result presented in table 4 that the liquid fuel consumed 
the most is energy from diesel and the least consumed is energy from kerosene.   

It is clear from the figures that much petrol fuel energy was used by the poultry per 
day under review, a scenario similar to the findings of Jekayinfa [6]. The cost of petrol was 
N145 per litre while the cost of a litre of diesel averaged N215 during the period of the 
study. 

 

Solar Energy Utilization 
This study gathered that 30% of the farms visited had solar power as one of the 

power sources on their farms. 
The capacities of the solar installation ranged from 2 kW to 10 kW at Farms A, B, and 

C which were used for lighting and ventilation of the farm environments and as a backup in 
case the main power sources experienced challenges. 

 

Total Energy Consumed  
The total energy consumed is shown in Table 5 which shows a mean energy 

consumption of 54608.66 MJ.  
The regression analysis showed that the total energy consumption correlated with 

the capacity of the poultry farms (figure 4). Table 5 also presents the energy use pattern in 
the poultry farms studied.  

The energy use ratio shows a maximum energy advantage of 0.14 MJ/bird for farms 
C and J while the minimum value of 0.03 is observed in farm D. Only the work of Firouzi [3] 
comes close with an energy use ratio of 0.28 in one of the study areas in his study.  

This study reveals that the energy use is very low as a result of high energy 
consumption. There is, therefore, an urgent need to reduce the amount of energy 
consumed. 
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Table 5 
Descriptive statistics on total energy consumed and energy use ratio (n=10) 

Statistics Total energy consumed (MJ) Energy use ratio 
Mean 54608.655 0.083 

Standard Deviation 126102.704 0.047 
Range 401130.250 0.114 

Minimum 445.500 0.032 
Maximum 401575.750 0.146 

 

 

Figure 4. Total energy consumed versus poultry capacity. 
 

The energy mix of the study areas is shown in figure 5. Overall, electricity contributed most 
significant energy (36%) to the operations of the farm followed closely by diesel (30%) 
which compares favourably with 33.34% reported by Firouzi [3] petrol (29%) and human 
labour (4%) while others (solar, kerosene, and charcoal) make up the remaining 1% 
respectively. 

 

 

Figure 5. Energy mix of the study areas. 
 

Conclusion  
A Study on the energy use pattern of 10 selected commercial farms was carried out 

with the following findings: all of the farms had more than one source of energy with diesel 
and petrol engine powered operations making up the bulk of the energy utilization. The 
role of manual labour, energy consumption, and bird weight and egg production across 
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each farm showed no significant difference. The farm with the highest bird population had 
100,000 birds while the least populated farm had 2000 birds. The daily energy utilization 
revealed that feeding, water pumping, ventilation, and lighting (heating) were the major 
energy consumers on the farm. The maximum energy derivable was from electricity was 
6476 MJ/day while diesel and petrol gave 4302 MJ and 2115 MJ of daily energy respectively. 
The energy use ratio varied from 0.04 to 0.14 across the farms. This study can serve as a 
guide on the daily energy utilization requirement for new poultry farmers and industry 
stakeholders who are looking for literature to guide policies and legislations on poultry 
production in Ogun State and Nigeria. 

 

Recommendation 
Since all the farms visited produced wastes, further studies can be carried out to 

characterize the poultry wastes and their suitability for biogas and electricity generation 
within the farm premises as none of the farms had the facilities for the conversion. 
Similarly, Farms F, I and J which are located in Ijebu Ode, Abeokuta, and Osiele had no 
electricity on their farms as their vicinity had no connection to the national grid. The 
government should help improve standards or establish law guiding the standard of energy 
to use at the identified capacity holding of farms. The equipment documentation and 
maintenance schedules were not properly kept in most of the farms visited making the 
manufacture, and repair energy estimation impossible; hence, these and other related 
documents should be kept intact for further energy utilization analysis. 
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Abstract. This paper presents the experimental results and the information of a power 
supply of range 0 - 5 volts which is further supplied to a voltage to frequency converter 
circuit. The main purpose for the construction of the power supply and the voltage-to-
frequency converter circuit is to observe the relation between the input voltage and the 
output frequency generated which is observable on the screen of the oscilloscope. The 
simulation for designing a voltage to frequency converter circuit is easy, it gives early 
information about the design circuit consumes very less amount of power and hence have 
wide range of applications. A 555-analog timer (vibrator also called as an oscillator) is used. 
It is a dual in-line package (DIP) of 8 pins IC. The project is been constructed by using a 
potentiometer of 300 kilo-ohm resistance and a capacitor of value 0.1uF. 

 

Keywords:  V to F Converter, 555 timer, Power supply design, Proteus Simulation. 
 

 Introduction 
 There are a lot of studies regarding the power supply. Power supply detects the 
exact requirement as per application to electrical device, Consumers have to know different 
power supply incompatibility The power supply discussed in this paper is a variable DC 
power supply of range 0-5 volts [1] and [2]. Also various research works have been carried 
out on voltage-to-frequency converter [3]where the inputs are given in terms of voltage and 
the outputs are in the form of frequencies which can be varied by changing the values of 
the passive elements present in the circuit are resistors, capacitors, etc.. The construction of 
both the circuits power supply and voltage to frequency converter is done on Proteus 
simulator tool. This tool facilitates us with all the types of circuit simulations as well for the 
PCB board simulations. The students can construct various types of circuits and can also 
convert it to PCB board appearance for the simulations. This software is user friendly and 
can be used by all the learners. 

A voltage to frequency converter circuit is an oscillator wherein the output frequency 
obtained (on the screen of the oscilloscope) is linearly proportional to the initial input 
voltage given to the circuit. Voltage to frequency converters can take both AC or DC voltage 
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inputs and gives the output frequencies or the pulse signals generated by using oscillating 
parameters like amplitude modulation (AM) or frequency modulation (FM) techniques. 

 

Simulation Implementation for circuit system 
A variable DC power supply is constructed that gives 0 volt to 5 volts DC output. A 

simple full wave rectifier is used along with a voltage regulator (LM317T) which gives 
constant output that can also be increased by using a pair of voltage divider resistor with 
one potentiometer to get variable output [4] and [5]. 

 

 

 
a) b) 

Figure 1. (a)Circuit Diagram of the 0-5 volt power supply and  b) Circuit Diagram of the 
voltage to frequency converter. 

 

 

Figure 2. Circuit diagram of the power supply. 
 

A variable DC power supply is constructed that gives 0 volt to 5 volts DC output. A 
simple full wave rectifier is used along with a voltage regulator (LM317T) which gives 
constant output that can also be increased by using a pair of voltage divider resistor with 
one potentiometer to get variable output [4] and [5]. 

An amplitude of 300nm and 50Hz frequency is supplied to the circuit. A bridge 
configuration circuit is used which rectifies the output of the transformer. The circuit 
consists of 3 capacitors, a voltage divider resistor of 330 kilo-ohm resistance, a voltage 
regulator (LM317T) and a resistor. The output generated is displayed by using a DC 
voltmeter. 

 

V to F Simulation System Design 
Here we choose the proteus software for simulation study as many applications can 

be implemented after successful simulation study [6]. Motor drivers supply the exact 
required power to the motors. It is a high voltage twin H-Bridge factory only settle for 
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commonplace TTL voltage levels. It drives desires forward and reverse perform with speed 
management like DC Motors [7], and Stepper Motors. The L298 accepts TTL inputs. High 
performance can be achieved through brushless dc motor and it is perform well in 
A voltage to frequency converter consists of components like an analog input amplifier (555 
timer IC) [8] and [9], a resistor and electrolytic (aluminium) capacitor network, a power 
supply and a display device to display the outputs generated.  

Figure 3 shows the circuit diagram of a voltage to frequency converter. As shown in 
the figure, 555 analog timer is used. An electrolytic capacitor (material of the capacitor used 
= aluminium) of value 0.01uF is used. A resistor (R1) has value of 30 kilo-ohms and an 
active potentiometer of value 300 kilo-ohms is connected as shown in the figure 3. An 
output displaying device, the oscilloscope is also connected in the circuit to the output 
terminal (pin number 3) of the IC and a power is supplied to the circuit.  
All the readings are taken at time interval of 100ms and the voltage applied is 5 volts. 

 

 
Figure 3. Circuit diagram of voltage to frequency converter. 

 

 

 

 

Figure 4. Output signal on the oscilloscope when the potentiometer has its maximum 
positive value. 
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Figure 5. Output signal on the oscilloscope 
when the potentiometer has its maximum 

negative value. 

Figure 6. Output signal signal on the 
oscilloscope when the potentiometer is 50% 

value. 
 

In figure 4 output is displayed on the screen of the digital oscilloscope when 5 volt 
input voltage is applied to the circuit and the potentiometer have maximum positive value. 
The frequency of the output signal can be varied by changing the value of the 
potentiometer. In figure 5, the output displayed, on the screen of the digital oscilloscope is 
when the potentiometer is having its maximum negative value and the voltage supplied to 
the circuit is kept constant. In figure 6, we can observe the output signal on the 
oscilloscope when the potentiometer is on the middle position and all the other parameters 
are kept constant. 

 

Conclusions  
From all the above presented results, we can conclude that the output obtained in terms of 
frequency when 5 volts voltage is applied to the input terminals of the circuit is linearly 
proportional. The frequency of the input signal can be varied by changing the voltage 
applied to it. A voltage to frequency converter can be used in many measuring instruments, 
communication systems such as a frequency synthesizer, FM modulation, and in the locked 
loop also in instrumentation and in automation market. 
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Abstract. This paper is focused on photovoltaic (PV) installation fault detection techniques. 
Three methods of PV module fault detection were proposed, implemented, and tested on 
real PV plant located in Nürnberg, Germany. Proposed methods are based on calculation 
results produced using the Digital Twin (DT) concept. Power values at maximum power 
point (MPP) under standard test conditions are used during the calculations (as Pmpp). Pmpp 
distributions by each month method is based on the statistical distribution of all PV 
modules from the same plant grouped by months, global Pmpp distribution method uses all 
available data uses similar approach with no month-related specifics, and Pmpp average 
calculations method is based on the average points calculation for each module during the 
period. All of these approaches provide entirely accurate results and allow finding modules 
with faults. However, the boundary abnormal modules count varies in each method, and 
additional module-based analysis may be required based on the purpose (monosemantic 
results for the most abnormal modules against more comprehensive results which include 
boundary modules). 

 

Keywords:  Digital twin, photovoltaic, module degradation, module fault detection, fault 
detection. 

 

 Introduction 
 In the PV field, regarding the importance of sustainability, monitoring systems are a 
paramount component for yield assessment. Nevertheless, in the industrial production, fault 
detection remains a manually handled issue [1, 2]. 
 Most of the module faults are not stable over time and may affect the overall PV 
plant power generation in varying degrees. Problems may appear due to electrical issues, 
climate, location factors, soiling, shading, multiple connection issues, and others. Each type 
would affect the PV module’s performance. 
 The long term reliability of photovoltaic modules is crucial to ensure the technical 
and economic viability of PV as a successful energy source. The analysis of degradation 
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mechanisms of PV modules is critical to ensure the current lifetimes exceeding 25 years. [3, 
4, 5] 
 Faults are responsible for significant power loss, and sometimes, even dramatical 
damages are reported, such as fire hazard or material deterioration [1]. It is critical for PV 
plant’s cost-effectiveness, primarily due to the long-time payback and long-term warranty 
period of typical PV modules. 
 Therefore, regular monitoring and high-quality maintenance are critical for any PV 
plant. 
 Various ways of monitoring and analysis include visual inspections, I–V curve field 
measurements, thermal evaluations by IR imaging, artificial intelligence techniques, and 
measurements of the I–V characteristics. [6, 7, 8] Electroluminescence technique is also 
used as a method for detecting defects in PV modules [9]. 
 For customers, PV module characterization is essential to observe the output 
performance of their PV system and to proof intactness of single modules. For this purpose, 
reliable and nondestructive testing methods are desirable [10]. MPP parameters allow 
determining most of the defect types on different PV plant levels. Module-level faults may 
be found and analyzed using the telemetric data from the module’s sensors over time. DT 
virtual laboratory [11] helps to calculate additional module parameters for more detailed 
defect analysis and extensive monitoring data [12]. For example, abnormal resistance levels 
may indicate electrical issues. 
 It must be noted that new defects that arise when the module is in operation may 
appear in modules initially defect-free (called hidden manufacturing defects) [9]. 
 This paper is aimed at the detection of the individual PV module faults. Module 
arrays are usually built from similar module types, so with telemetric data from the sensors 
over time, each module could be analyzed and compared with other modules from this 
array in addition to the usual metrics. The main idea consists of two points. At first, all 
modules with defects need to be identified. Secondly, all abnormal boundary modules 
(which may have faults or not) should be separated from fault modules and partly analyzed. 
 Several approaches are presented based on a different distribution of apparent and 
boundary faults in modules: Pmpp distributions by each month, global Pmpp distribution, Pmpp avg 
calculations with two diagram types for additional accuracy. 

 

Methods of module efficiency analysis and fault detection 
 PV plant in Nürnberg, Germany, named Südstadt-Forum, is used for data aggregation 
and calculations in this paper. Plant includes three inverters (SUN2000-20KTL, Sinvert 
PVM17, and Sinvert PVM20 models) with 16 strings (PV module arrays) and 287 PV 
modules. Most of the strings consist of 18 PV monocrystalline modules – M190 (STORM 
Energy GmbH, Germany). 
 DT platform prepared API for module-by-module calculations based on input data. 
Input data includes the following parameters: voltage, current, temperature, irradiation 
from devices, temperature from devices, timestamp. These parameters are obtained by 
telemetry. During the experiment, all the data from June 2018 till November 2018 was 
used. Data was collected using Sunsniffer API. 
 The output contains the following params: power, voltage and current at MPP under 
standard test conditions (STC), series and parallel resistance, short circuit current and open-
circuit voltage params. 



82 Digital Twin for PV module fault detection  

Journal of Engineering Science  December, 2020, Vol. XXVII (4) 

 On average, one new data point is acquired every 7 minutes. For example, Module 
1.1_1 has 3943 points during August after all the filtering on the app side. 
 Most of the filtering stays inside DT calculation except some simple app-side 
preprocessing. Preprocessing excludes data points with missing parameters (empty 
temperature, current, voltage, timestamp values).  
 Aggregated results for individual modules are passed to the DT calculation API. 
 Three methods of statistical data analysis and defective modules search based on DT 
Pmpp calculations were implemented: 

1) Power at MPP distributions by each month (Pmpp distributions by each month);  
2) Global power at MPP distribution (global Pmpp distribution); 
3) Average power at MPP calculations (Pmpp avg calculations and two diagram types for 

additional accuracy). 
 

 Power at MPP distributions by each month 
 This method is based on the statistical distribution of all PV modules from the same 
plant. Similar PV cell models (at least by performance in the same module array) allow us to 
compare all modules and detect anything abnormal. 
 Statistical distribution with various module types and performance levels requires 
dynamic intervals for additional accuracy and better visibility. 
 Dynamic bin width for statistical Pmpp distribution was calculated in the following 
way using Min-Max value Eq.(1): 

 

 𝑙𝑃𝑚𝑝𝑝  =  
𝑃𝑚𝑝𝑝max− 𝑃𝑚𝑝𝑝 𝑚𝑖𝑛

𝑘
, W (1) 

 

Where k – bin number, calculated using Eq.(2): 
 

 𝑘 =  √𝑛 (2) 
 

Where n – values count. k is an integer value (rounded up). 
 Diagrams of Pmpp statistical distribution using lPmpp as bin width by modules during 
2018 by months are presented in Figure 1. 

 

A) One outlier during June can be found in 124.27 – 129.92 W. Three more modules 
from range 163.82 – 169.47 W should be analyzed more. Additionally, one more outlier 
stays in 220.38 W and higher interval, which looks like an abnormal module, but not a 
defective one. Such a high Pmpp level across similar modules may be caused by a favorable 
module position (less shadowing effect, better angle, and others). 
 B) Two outliers during July can be found in 127.60 – 131.41 W interval. Three more 
modules from range 165.70 – 169.51 W should be analyzed more. 
 C) One outlier during August can be found in 134.21 – 137.65 W interval and also 
one more in 151.46 – 154.91 W. Two more modules from range 168.71 – 172.16 W should 
be analyzed more. 
 D) One outlier during September can be found in 143,25 – 146,08 W interval and 
also one more in 154.57 – 157.40 W. Four more modules from range 171.55 –  174.38 W 
should be analyzed more. 
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Figure 1. Distribution of Pmpp per modules during 2018. 

 

 E) One outlier during October can be found in 129.60 – 133.32 W interval. Also, four 
more modules should be analyzed more: 1 from range 166.80 – 170.52 W and three from 
range 170.52 – 174.24 W. 
 F) There’re multiple outliers during November: one in 81.59 – 88.69 W interval, one 
in 88.69 – 95.79 W, one in 109.99 – 117.09 W intervals. Two modules from 152.59 – 
159.59 W and nine modules from 159.59 – 166.79 W ranges also may be considered 
outliers and should be analyzed in a more detailed way. 
 Summary for outliers: June – 1 (+3 possible), July – 2 (+3 possible), August – 2 (+2 
possible), September – 2 (+4 possible), October – 1 (+4 possible), November – 3 (+11 
possible). Modules with outliers: 2.3_10 (June - 124.26 W, July - 127.59 W, August - 154.55 
W, September - 143.24 W, October - 129.6 W, November - 115.14 W), 2.2_16 (July - 130.8 W, 
August - 134.2 W), 1.1_11 (September - 157.08 W), 1.11_15 (November - 81.59 W), 1.12_11 
(November - 89.6 W). The total number of detected outliers for six months is 11 (+27 
possible), five fault modules found. 

 

 Global power at MPP distribution 
 This method is similar to Pmpp distributions by each month. However, additionally, it 
includes all available data points (as much as possible). In our case – all the data from June 
2018 till November 2018, 6 months in total) and may provide additional historical 
information about modules based on the period (e.g., module was normal during June – 
August period, and it became defective starting from September). 
 A combined diagram of Pmpp statistical distribution by modules during 2018 is 
presented in Figure 2. 
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Figure 2. Global distribution of Pmpp per modules in June – November, 2018. 

 

 For this method, we use single and double distribution ranges. The most common 
double range is  176.23 – 182.99 W. All points from the left adjacent double range (169.47 
– 176.23 W) are considered as valid too. Points from the next single range (166.09 – 169.47 
W) should be analyzed more (possible outliers). Other points from the left side are 
considered as outliers. 
 Outliers from combined diagram: 1 in 81.59 – 84.97 W range, 1 in 88.35 – 91.73 W 
range, 1 in 112.01 – 115.39 W range, 1 in 122.15 – 125.53 W range, 1 in 125.53 – 128.91 
W range, 1 in 128.91 – 132.29 W range, 1 in 132.29 – 132.67 W range, 1 in 142.43 – 
145.81 W range, 1 in 152.57 – 155.95 W range, 3 in 155.95 – 159.33 W range, 5 in 159.33 
– 162.71 W range, 3 in 162.09 – 166.09 W range. 
 11 additional points for more detailed analysis stay in 166.09 – 169.47 W range. 
Next range has 76 points and we consider it as normal Pmpp values. 
 Modules with outliers: 
 1) All modules from the previous method: 2.3_10 (June - 124.26 W, July - 127.59 W, 
August - 154.55 W, September - 143.24 W, October - 129.6 W, November - 115.14 W), 
2.2_16 (July - 130.8 W, August - 134.2 W), 1.1_11 (September - 157.08 W), 1.11_15 
(November - 81.59 W), 1.12_11 (November - 89.6 W). 
 2) Additional modules: 1.5_1 (November - 158.93 W), 1.5_11 (November - 158.72 W), 
1.5_12 (November - 160.08 W), 1.5_3 (November - 161.54 W), 1.5_14 (November - 161.54 
W), 1.5_13 (November - 162, 51 W), 1.5_17 (November - 162.32 W), 1.9_8 (November - 
163.72 W), 1.5_9 (November - 163.76 W). 
 The total number of detected outliers for six months is 20 (+11 possible), 14 fault 
modules found. 
 Both ways of comparing provide quite a good view of defective modules. 
Nevertheless, single-month diagrams give an only clear understanding of modules with 
defects, whether the combined chart allows to separate all boundary values too (this next 
range above which contains 76 points while the previous range has only 11 points). Also, 
additional abnormal points and modules were found due to month specifics (November 
values look average in comparison with other November values in the previous method). 
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 Average power at MPP calculations 
 The third method is based on the average points calculation for each module during 
the period. Then each module’s deviation for each month allows us to find abnormal 
months for this specific module using its data from other months. Also, it shows unstable 
modules that vary a lot from month to month in performance. 
Average Pmpp points are calculated for each module using the Eq.(3): 

 

 𝑃𝑚𝑝𝑝 𝑎𝑣𝑔  =  
∑ 𝑃𝑚𝑝𝑝
𝑚
𝑖
𝑚

 (3) 
 

Where m – number of months. 
 For the next analysis, average point difference percentage values were calculated 
using the Eq.(4): 

 

 𝑃𝑚𝑜𝑛𝑡ℎ %  =  𝑃𝑚𝑝𝑝− 𝑃𝑚𝑝𝑝 𝑎𝑣𝑔

𝑃𝑚𝑝𝑝 𝑎𝑣𝑔
 (4) 

 

 Pmpp avg calculations method of defective module detection is presented in Figure 3. 
 

 
Figure 3. Average point distribution by deviation percentage. 

 

This figure contains all Pmonth % values. In general, typical points should lie near 0% scale, 
both positive and negative values could be classified as outliers. 
 Module 2.2_16 has 5/5 outliers (one value is missing due to data issues for this 
specific month + module case). Module 2.3_10 has 3/6 outliers. Module 2.1_11 has 1/6 
outliers. Module 1.12_11 has 5/5 outliers (one value is missing due to data issues for this 
specific month + module case). Module 1.11_15 has 6/6 outliers. Also, there are plenty of 
points for analyzing closer to the left diagram’s part (especially in November). 
 An additional graph using only Pmpp avg points was built to filter these boundary points 
and find fault modules. This graph is presented in Figure 4. 
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Figure 4. Average points of all modules. 

 

 All extremum values of this diagram represent the modules mentioned above:  
module 2.2_16, module 2.3_10, module 2.1_11, module 1.12_11, module 1.11_15. 
Furthermore, in comparison with the previous chart, there are no additional boundary 
values. Five points represent five modules, which are the most suitable modules for further 
analysis. Table 1 includes Pmpp avg and Pmonth % values for two regular modules, and all 
detected defective modules (yellow values) for comparison. 

Table 1 
Pmpp avg values and deviations per month 

 Pmpp avg June July August September October November 
Module 
1,11_5 

181.95 -2.02% -1.20% 0.73% 0.48% 1.42% 0.58% 

Module 
1,12_3 

179.6 -1.76% -0.22% 1.01% 1.12% 2.16% -2.32% 

Module 
1,11_15 

162.31 9.36% 8.64% 10.52% 10.28% 10.93% -49.73% 

Module 
1,12_11 

160.78 10.93% 11.22% 11.83%  10.29% -44.26% 

Module 
2,1_11 

194.5 13.31% -3.53% -3.33% -1.54% -2.05% -2.86% 

Module 
2,2_16 

161.96 8.26% 
-

19.24% 
-17.13%  12.94% 15.18% 

Module 
2,3_10 

132.4 -6.14% -3.63% 16.73% 8.19% -2.12% -13.04% 

 

 This combined table with the data from both Figures above allows finding modules 
with faults. Additionally, most of the points lay in the same range with small fluctuations in 
range (-5%; 5%). Some points outside this range should be analyzed more: 25 points below 
(<-5%) and 24 points above (>5%) from Figure 3. These values include points from the Table 
1, so 25 - 6=19 points below, 24 - 15=9 points above, 19 + 9 = 28 possible outliers. 
 The total number of detected outliers for six months is 21 (+28 possible), five fault 
modules found. 
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 Conclusions 
 Pmpp distributions by each month allows us to find the most abnormal modules. 
 Global Pmpp distribution allows the same as Pmpp distributions by each month and an 
additional clear border between points, which could be additionally analyzed. 
 Pmpp avg calculations with two diagram types provide results from both the above 
methods (diagram with the most abnormal modules and chart with all additional boundary 
modules). 
 Thus three methods of module efficiency analysis are proposed based on Pmpp 
calculation results using physical and mathematical models from DT [11, 12]. 
 All proposed methods could be used during the PV plant’s operability monitoring. 
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Abstract. Wheelchair is used by individuals that find it challenging to walk. Various 
methods have been adopted in developing wheelchairs to suit the needs of the physically 
disabled using the available technologies. Problems associated with the already existing 
wheelchairs are difficulty in maneuvering them in a confined and constrained space and 
limitation in degree of movement they can achieve. The aim of this project is to develop a 
smart omnidirectional controlled wheelchair. The system is not only applicable for 
domestic use, it can also be used for sports and in the hospital. The movement of the 
wheelchair is controlled from a web application via Wireless Fidelity communication. The 
methodology employed includes designing the web application interface using Hypertext 
markup language and JavaScript programming language, the hardware part consists of the 
Raspberry Pi 3 Model B, programmed with python programming language. Then, the 
software and hardware part were integrated together to form a complete system. The main 
advantage of the system is that it allows the user of a wheelchair to maneuver through a 
confined and constrained space and control the wheelchair remotely. The performance 
measure considered were the accuracy of the obstacle detection unit in detecting brick 
wall, metal and wood, and the response time of the wheelchair to movement commands 
from the web application. The average detection accuracies for the brick wall, metal, and 
wood were 87.37%, 94.43%, and 83.57% respectively. The average response time of the 
wheelchair to movement commands from the web application was 1.04 seconds. 

 

Keywords:  Omnidirectional, Wireless Fidelity, JavaScript, Raspberry Pi 3 Model B. 
 

Introduction 
 Wheelchair is simply a chair that has wheels, used by individuals that find it 
challenging or impossible to walk due to injuries, disabilities and other health related 
problems [1]. There are different types of wheelchairs, which are categorized based on their 
specific features. These features may range from configuration of the wheels which can be 
four caster wheels, two motorized wheels with two caster wheels, two motorized wheels 
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with four caster wheels or four motorized wheels, driving force of the wheels (powered or 
manual wheelchairs), to the type of additional technology used such as obstacle detection, 
seating adaptations, tilting forward or backward. Powered wheelchairs also vary in terms of 
their mode of controls which can be joystick-controlled, eye-controlled, voice-controlled, 
smartphone, tilt-controlled wheelchair [2]. The notable types of wheelchair that have been 
developed over the years are manual self-propelled wheelchairs, manual attendant-
propelled wheelchairs, powered wheelchairs, single-arm drive wheelchairs, tilting and 
reclining wheelchairs, standing wheelchairs, sports wheelchairs, smart wheelchairs, in 
which each of them has their own specific features [3]. 

Recently, technological advancement has led to the improvement of manual 
wheelchair and powered wheelchair (powerchair), improvement mainly in methods of 
control of the wheelchair and the degree of mobility achievable by the wheelchair [4]. Some 
of the renowned improvements on wheelchair are construction of hand-control levers for 
Leveraged Freedom Chair manually propelled and designed to be low-cost for users in 
developing countries [5]. This allows the wheelchair to be used on an uneven terrain and to 
overcome obstacles and addition of two-geared wheels to manual wheelchair, which 
provides gearing leverages to the user. It offers an efficient speed ratio for the user (2:1), 
resulting in 100% efficiency in climbing hills [6]. 

Providing comfortability and ease of mobility to the physically disabled is a very 
crucial factor to be considered in the development of a wheelchair [7]. This factor is heavily 
dependent on the method of control adopted and the degree of mobility that is to be 
achieved. There are various problems that are encountered by the physically challenged 
persons while operating the wheelchair. The challenges include difficulty in manoeuvring 
the wheelchair in a confined and constrained space and limitations in degree of movement 
of a wheelchair [8]. In this paper, we present the development of a smart omnidirectional 
controlled wheelchair that can move without infringements using the developed web 
application. The proposed method of development as compared to other adopted methods 
has total control over the movement of the wheelchair, which in turn gives the user the 
feeling of freedom and liberty to move as they wish. 

The remaining sections of the paper are divided into four. Section two presents the 
review of related baseline works. Section three presents design overview, Section four 
analyses and discusses results obtained while section five is the conclusion of the paper. 
Finally, section six presents future directions. 

 

  Related works 
This work is about the design of a smart omnidirectional wheelchair to ease the life 

of the physically disabled. The use of four motorized wheel and web application control 
system is a technology that has not been previously considered in the construction of a 
wheelchair, some of the previous technologies used are two motorized wheels with two 
caster wheels or two motorized wheels with four caster wheels controlled with voice, 
joystick, brain impulse, or android based application (Autodesk, Inc., 2015). Thus, the review 
of related works alongside their limitations are presented: 

The use of eye tracking as the method of control for wheelchair was implemented in 
[9]. This method of control provided mobility for physical disabilities such as monoplegia, 
paraplegia, hemiplegia and quadriplegia. And, the use of PIC 18FXXX microcontroller series 
that supports Multi Media Card (MMC) helped in creating a database for patients that could 
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be used for studies and better calibrations. Its limitation was that users had to look 
extremely into the direction they intend to move in order to set the wheelchair in motion. 
And they also had to close their eyelids for three seconds to start and stop the motion 
alternately thereby focusing the user’s eyes and mind on the control of the wheelchair 
rather than observing other important scenarios in his/her environment. Exposure of the 
user’s eyes to infrared rays had a detrimental effect in a long run. The IR sensor obstructed 
the view of one of the user’s eyes, thereby inhibiting the ability of the user to use his eyes 
effectively. The system was highly susceptible to wrong input such as user gazing at a 
specific direction. In another system designed in [10], voice commands was used to control 
the wheelchair that offered easy mobility to a wide range of physically disabled people. Its 
shortcoming was in the use of IR sensors for obstacle detection, which was ineffective as it 
worked on the principle of reflected light waves, which made the detection of darker 
surfaces very difficult and could not be used in sunlight due to interferences. 

Another research team [11] described the development of a brainwave-controlled 
wheelchair using a Brain-computer Interface (BCI) that enables direct communication 
between the electrical wheelchair and the brain. The method used in recording the brain 
activity for controlling the wheelchair was electroencephalogram (EEG) through the use of 
Emotiv EPOC headset. The EEG signal recorded was transferred to a Personal Computer (PC) 
software through bluetooth, the PC in turn converted the EEG signal to electrical signal and 
sent it to the wheelchair for movement commands. The limitations of this project were in 
the adopted method of control, which required the user’s brain to be focused on controlling 
the wheelchair, and the use of bluetooth for communication among the devices involved in 
the project. A wheelchair system that was controlled with the movement of the eye was 
developed by [12]. A camera placed in front of the user was used to achieve the eye method 
of control by capturing the image of the eye using Haar cascade algorithm and tracking the 
position of eye pupil using an image processing technique called coordinate system. Also, 
an ultrasonic sensor was used as the safety mechanism for the wheelchair to detect both 
static and dynamic obstacles and a central switch was used for emergency stop and call 
purposes. The limitation of this project was in the adopted method of control, which did not 
provide the user with the ability to wirelessly control the wheelchair. 

Another methodology was introduced by [13]. The quality of the wheelchair 
designed was in its adopted method of control, which features a voice-controlled 
mechanism via an android phone and offered easy mobility for users that were suffering 
from a combination of a range of physical disabilities such as patients with quadriplegia 
and hearing impairment. It also had an obstacle detection unit achieved with the use of an 
ultrasonic sensor, which prevented the wheelchair from unnecessary collision due to user or 
system error. Its limitations were the use of voice-controlled system, which could not be 
used efficiently in a very noisy environment and, the susceptibility of the wheelchair system 
to wrong input in cases where the user says one of the common words for operating the 
wheelchair system, say “GO” in an ordinary statement that’s not meant for the control. 

According to the work done by [14], the system used a touchscreen-based android 
application for the control of the wheelchair. It offered the user precise control of the 
wheelchair and it also featured an obstacle detection sensor that provided easy navigation 
without colliding with objects in its way. Its shortcoming was in the direction of control 
achievable by the wheelchair system, which was limited to left, right, forward, backward 
and stop, directions such as diagonal, 90°, 180° movements were not achievable due to the 
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type of wheel used for the wheelchair system. A joystick-controlled wheelchair was 
developed in [15]. It offered the physically challenged precise control of the wheelchair 
system with the use of a joystick. The use of joystick made the joystick-controlled 
wheelchair system less costly and complex in terms of control. The limitation was in the 
adopted method of control because the user could control the wheelchair only when in use. 
This implied that, it could not be controlled by a supporting party in cases where the 
physically challenged could not use the joystick. Also, the wheelchair could not be 
controlled at any point in time because the method of control was fixed on the wheelchair. 

Other researchers [16] designed a wheelchair that could be controlled with an 
Android mobile application. The advantage of this project was that it allowed the wireless 
control of the wheelchair without any physical effort. The limitations of this project were in 
the choice of mode of wireless communication, which was Bluetooth, having a limited 
range of ten centimeters. Furthermore, the android mobile application mode of control 
necessitated the possession of an android phone to be able to control the wheelchair. 

In the work of [17], the development of a four-wheel omnidirectional wheelchair and 
its control using hand gesture recognition-based algorithm was presented. Seven different 
dynamic hand gestures were mapped with different motions of the wheelchair and were 
classified by a Dendogram Support Vector Machine (DSVM) classifier using template-based 
features extracted from initial measurement unit (IMU) and EMG sensors. Dynamic gestures 
were identified autonomously using accelerometer response. Results obtained from the 
classifier performance showed an accuracy of 94% during training and 90.5% while 
controlling the wheelchair using gesture commands. However, the developed system could 
not be navigated in a constrained environment.  

The proposed method in this work is different from the reviewed related works in 
terms of the method of control of the wheelchair, the degree of movement achievable and 
the obstacle detection unit adopted for the system. The method of control used for the 
system is a web application capable of controlling the wheelchair remotely through 
wireless fidelity communication technology (Wi-Fi) which would not have any detrimental 
effect as compared to Jain et al. (2015) who used eyeball motion detected by Infrared (IR) 
sensors as the method of control. Four mecanum wheel are used to achieve the complete 
degree of movement by controlling each of the wheels independently. The obstacle 
detection unit of the system comprises an ultrasonic sensor, which uses ultrasonic sound to 
detect and measure distance of the obstacles. The ultrasonic sensor is not limited in terms 
of the range of obstacles, it can detect as compared to Bhardwaj et al. (2016) who used IR 
sensors for obstacle detection unit, which cannot detect darker surfaces. 

 

Research methods 
This system comprises two parts, which are the software and the hardware. The 

software consists of a web application with two different types of control mechanism (a 
touch control interface for smartphones and a mouse control interface for laptops and 
desktops) which are used for controlling the wheelchair and the hardware consists of 
various units that make up the wheelchair system. 

 

System Hardware 
The system hardware was developed using a Raspberry Pi Model B single board 

computer with other components like Raspberry Pi 3 Model B Camera Module, ultrasonic 
sensor, Dual H-Bridge Motor Driver Relay interfaced with it. 
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System Block Diagram 
The block diagram in Figure 1 shows the integration of different units to accomplish 

the development of the wheelchair system. The control unit is the Raspberry Pi 3 Model B, a 
System on Chip (SoC) based on BCM2837 64bit CPU Quad Core 1.2GHz. This is the brain of 
the system that interconnects all the units and helps in processing the various 
functionalities that are to be implemented in the system. The kinematics unit is where we 
have the llon wheel connected to a DC motor using a suitable hub. The HC-SR04 ultrasonic 
sensor is used for the obstacle detection unit. The control unit is powered by a different 
source from the kinematics unit. The Camera Serial Interface (CSI) on the Raspberry Pi is 
used for connecting the Raspberry Pi camera for surveillance. The BCM43438 wireless LAN 
on-board the Raspberry Pi is used for connecting to a router for communicating with the 
controller device on the same Local Area Network (LAN). 

 

 

Figure 1. The Block Diagram of the System. 
 

Design Calculation 
The system was powered using 12V and 5V DC battery. The 12V battery was used to 

power the kinematics unit and the 5V battery was used to power the control unit. Since the 
control unit powers the obstacle detection, power supply, and surveillance unit, there’s no 
need for separate calculation for them. 

 

Kinematic Unit Design Calculation 
The power rating, ampere-hour rating and how long the kinematics unit can be 

continuously operated before it needs to be recharged is calculated using equations 1 to 3: 
 

 𝑃𝑚𝑜𝑡𝑜𝑟 = 𝐼𝑚𝑜𝑡𝑜𝑟 ∗ 𝑉𝑚𝑜𝑡𝑜𝑟 (1) 
 

Where, 
Pku = total power for the kinematics unit 
Pmotor = total power for one DC Motor 
Imotor = operating current for one DC motor  
Vmotor = operating voltage for one DC Motor 
Ahku = Ampere Hour rating for the kinematics unit 
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Tku = time the kinematic unit will last for. 
 

From the datasheet of the 12V DC Motor 
Imotor = 1.42A          
Vmotor = 12V           
Pmotor = 1.42 * 12 
Pmotor = 17.04W 

 

Since we have four DC Motors, Pku will be, 
Pku = 4 * 17.04          
Pku = 68.16W 
Pku ≈ 68W 

 

Calculating the ampere hour rating for the kinematic unit 
 

 𝐴𝑚𝑝𝑒𝑟𝑒 ℎ𝑜𝑢𝑟 =  𝑝𝑜𝑤𝑒𝑟 ∗ 𝑡𝑖𝑚𝑒
𝑣𝑜𝑙𝑡𝑎𝑔𝑒

 (2) 
 

𝐴ℎ𝑘𝑢 =  
68 ∗ 𝑇𝑘𝑢

12
 

 

 𝐴ℎ𝑘𝑢 = 5.7𝑇𝑘𝑢 𝐴ℎ (3) 
 

A 2800mAh 12V battery will power the kinematic unit for Tku hours 
 

2800mAh = 5.7Tku Ah 
Tku = 0.49 hrs 
Tku = 0hrs 29mins 

 

Control Unit Design Calculation 
The power rating, ampere hour rating and how long the control unit can be 

continuously operated before it needs to be recharged is calculated using equations 2, 4 
and 5: 

 𝑃𝑐𝑢 = 𝐼𝑐𝑢 ∗ 𝑉𝑐𝑢 (4) 
Where: 
Pcu = total power for the control unit 
Vcu = operating voltage of the control unit 
Icu = operating current of the control unit 
Ahcu = Ampere Hour rating for the control unit 
Tcu = time the control unit will last for. 

 

From the datasheet of Raspberry Pi 3 Module B (https://www.raspberrypi.org) 
Icu = 2.1A 
Vcu = 5V 
Pcu = 2.1 * 5 
Pcu = 10.5W 

 

Calculating the ampere hour rating for the control unit from equation 2: 
 

Ahku=  (10.5 * Tcu)/5 
 

Ahku = 2.1Tcu Ah     (5) 
 

A 5000mAh 5V battery will power the kinematic unit for Tcu hours 
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5000mAh = 2.1Tcu Ah 
Tcu = 2.38hrs 
Tcu = 2hrs 23mins 

 

The System Flowchart 
The system flowchart in Figure 2 shows the flow of the sequence of steps in 

operating the wheelchair system. The sequence of steps is stated below: 
1. Start 
2. Initialize a Wi-Fi connection using a router. 
3. Execute the controller program on the Raspberry Pi single board computer. 
4. Access the web application using an internet enabled device with a browser. 
5. System executes stop() command and waits for further command. 
6. Check if command is received. 
7. If a command is received, then check if it is a forward () command Else go to step 

6. 
8. If the command received is forward (), then check if the distance to an obstacle is 

greater than 30cm. Else move the system according to the command received. 
9. If distance to an obstacle is greater than 30cm move the system according to 

forward command. Else go to step 6. 
10. Stop. 

 

 

Figure 2. The System Flowchart. 
 

Hardware Design Consideration 
Hardware design includes the construction of the wheelchair chassis and several 

units, namely, Control Unit, Kinematics Unit, Obstacle Detection Unit, Power Supply Unit, 
Surveillance Unit and, Communication Unit. 
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Control Unit 
The Raspberry Pi 3 Model B is used as the brain of the system because of its high 

processing power as compared to other controllers of its size. The Lite Version of the 
Raspbian OS is operated using a command line interface (CLI) as shown in Figure 3 because 
it has no support for GUI, therefore, all the instructions carried out on the system were done 
through a Secure Shell network protocol (SSH). The RPi. GPIO python library was used in 
controlling general purpose input output (GPIO) pins of the Pi. 

 

 

Figure 3. The screenshot of the Terminal Window. 
 

A Full H-Bridge L298N motor driver module, which has two channels for controlling 
two DC motors simultaneously, drives the DC motors and it can deliver a maximum current 
of two (2) Amps to each of the channels. The four wheels rotate clockwise or anticlockwise 
based on the code written on the control unit to achieve the omnidirectional movement. 
Figure 4 shows the direction of rotation of each of the wheels to achieve an omnidirectional 
motion. 
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Figure 4. Achievable motions by the wheelchair [18]. 
 

Kinematics Unit 
The kinematics unit was designed using four mecanum wheel motorized 

independently by four 12V DC motors. The DC motor has an operating current of 700mA 
and stall current of 1400mA.  

 

Obstacle Detection Unit 
The obstacle detection unit comprises of the HC-SR04 Ultrasonic Sensor shown in 

Figure 5. The ultrasonic sensor measures distance to a target by measuring the time of 
flight (TOF) of the emitted ultrasonic wave. The ultrasonic sensor (as used in this case) is 
configured to detect obstacle within a 30cm range along the wheelchair’s path and it is 
mounted at the front of the wheelchair. 

 

 
Figure 5. Ultrasonic Sensor (HC-SR04) [19]. 

 

The ultrasonic sensor continuously sends the distance measured to the control unit, 
if the control unit receives a signal that is within the specified detection range, the control 
unit temporarily takes control of the wheelchair by stopping all the DC motors until it 
receives a measured distance that is greater than 30cm [20]. 

 

Power Supply Unit 
Two separate batteries were used in powering the wheelchair system. The 12V Li-Po 

battery was used to power the four DC motors through the L298N motor driver while the 5V 
battery was used to power the control unit. 

The 12V battery was used for the DC motors because it can supply enough current to 
the motors as required. A common ground was established between the two power sources 
to prevent potential electrical hazards. 
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Surveillance Unit 
The Raspberry Pi 5MP, v1.3 camera shown in Figure 6 was used in the surveillance 

unit. It was connected to the camera serial interface of the control unit via a 15 Pin Ribbon 
Cable to the dedicated 15-pin MIPI Camera Serial Interface (CSI) specifically designed for 
interfacing cameras to the Raspberry Pi. The feed from the Pi camera is displayed on web 
application to aid the control of the wheelchair as the users will not necessarily need to 
look away from the controller while operating the device. The live feed from the web 
application set at a spatial resolution of 640x480 and 15 frames per second (480p @ 
15fps). 

 

 
Figure 6. Raspberry Pi 5MP Camera. 

 

Communication Unit 
Communication between the wheelchair and the controlling device is through 

Wireless Fidelity Technology (Wi-Fi). The inbuilt Wi-Fi chip BCM43438 on the control unit 
was used to connect to a router (home network) and the Wi-Fi enabled controlling device is 
also connected to the same network as the control unit. The Raspberry Pi was configured to 
automatically connect to the router on boot up by setting a static IP address for the Pi. The 
procedure followed in setting up the Wi-Fi connection are as follows: 

 
1. SSH into your Raspberry Pi with the correct credentials. 
2. Input the command sudo nano /etc/dhcpd. conf at the CLI terminal 
3. Move your cursor to the bottom of the script and add the following lines of code: 

# for wired connection 
interface eth0 
static ip_address=192.168.8.60/24 
static routers=192.168.8.1 
static domain_name_servers=192.168.8.1 
#for wireless connection 
interface wlan0 
static ip_address=192.168.8.60/24 
static routers=192.168.8.1 
static domain_name_servers=192.168.8.1 

4. Save the file with Ctrl + o and exit the nano text editor with Ctrl + x. 
5. Reboot the Raspberry Pi with sudo reboot. 
6. SSH into the Pi again and input the command ip a to check for the assigned IP 

address. This shows the IP address that has been previously assigned to eth0 and 
wlan0. So anytime your Pi boots up to the same network, it always has the 
assigned static IP address. 
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Software Design Consideration 
The software design is concerned with the development of a web application for 

controlling the wheelchair. The web application developed was hosted locally on a 
Lighthttpd web server installed on the Raspberry Pi. The Lighthttpd web server handles the 
request from the web application. The communication protocol between the web 
application and the web server is both HTTP and FastCGI (Fast Common Gateway Interface). 
The HTTP is used for getting the live feed from the Pi Camera while the Fast CGI is a binary 
protocol used for sending movement commands to the Raspberry Pi. The web application is 
created in such a way that it will be possible to control the wheelchair by using either a 
mobile phone or a laptop. 

 

Touch Control Interface 
The touch control designed for phone control where the user needs to press the 

desired button direction to move the wheelchair and then press the stop button to halt the 
wheelchair. 

 

Mouse Control Interface 
The mouse control was designed for laptop or desktop control where the user needs to 
press and hold on the desired button direction to move the wheelchair and then release the 
button to halt the wheelchair. 

 

  Results and Discussions 
The developed prototype wheelchair system is shown in Figure 7. 

 

 
Figure 7. The Developed System. 

 

The chassis of the wheelchair system was constructed using aluminium and ABS 
Plastic. The control program for the system was developed using Python and Shell Script 
Code written for the Raspberry Pi to control the remaining modules. The touch control and 
mouse control version of the web application shown in Figures 8 was developed using 
HTML integrated with JavaScript. 

The average detection accuracies for brick wall, metal, and wood are 87.37%, 
94.43%, and 83.57% respectively as shown in Table 1. The accuracy when measured against 
metal is very high relative to wood and wall. 
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a) b) 

Figure 8. Web application: (a) Touch control, and (b) Mouse Control. 
 

Table 1 
Accuracy of the Obstacle Detection Unit with Different Materials 

S/N Wood (cm) Metal (cm) Wall (cm) 
1 23.5 29.1 24.5 
2 24.7 28.2 25.1 
3 23.3 29.5 26.5 
4 24.5 28.1 25.7 
5 25.1 27.9 24.9 
6 24.8 28.2 26.0 
7 23.9 27.8 27.9 
8 25.4 29.6 27.1 
9 28.0 27.7 26.7 

10 27.5 27.2 27.7 
 

The graph shown in Figure 9 implies that the obstacle detection unit of the system 
which is an ultrasonic sensor easily detects metal as compared to wood and brick wall. This 
means using the developed system in areas with more metallic object is safer. 

 

 
Figure 9. Graph comparing the accuracy of the obstacle detection unit with different 

materials. 
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The average response time of the wheelchair to movement commands from the web 
application was 1.04 seconds according to Table 2. 

 

Table 2 
Response time of system to movement commands from web application 

S/N Response Time (sec) 
1 1.2 
2 1.0 
3 0.8 
4 1.3 
5 1.1 
6 0.9 
7 1.4 
8 0.8 
9 1.0 
10 0.9 

 

The graph shown in Figure 10 shows response time of the system to commands from 
the application. This implies that the developed system can be used in situations where 
quick movements is an important factor.  

 

 
Figure 10. Graph showing the response time of the wheelchair system to 

movement commands. 
 

 The estimated cost in American dollar for the developed system is shown in Table 3. 
The total estimated cost for both the hardware and software is $ 352.27. 

 

Table 3 
 Bill of Engineering Measurement and Evaluation 

S/N Components Cost ($) 
1 Wheelchair Chassis Material 28.2 

2 Raspberry Pi 3 Model B Full Kit 38.7 

3 Raspberry Pi Camera Module 7.69 
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Continuation Table 3 
4 Ultrasonic Sensor (HC-SR04) 1.28 

5 12V Battery 24.4 

6 Dual H-Bridge Motor Driver Relay (L298N) 3.85 

7 12V DC Motor 69.7 

8 Mecanum Wheel with Hub 74.87 

9 Motor Mounting Bracket 17.95 

10 16 GB Micro SD Card 6.4 
 

11 Software Development 50 

12 Miscellaneous  19.23 

Total 352.27 
 

Conclusion 
This paper has successfully presented a smart omnidirectional wheelchair for the 

monoplegic, hemiplegic, and paraplegic. The system designed allows the user to easily 
manoeuvre in what would otherwise be an extremely complicated environment. The result 
of the use of the mecanum wheel results in the achievement of much higher driving 
accuracy and greatly improved overall experience for the user in terms of ease of use. The 
use of ultrasonic sensor helped in enhancing the safety of the wheelchair. 

 

Future directions 
      There are lots of improvements that can be made on the current design and 

technology and lots of additional features can be added:  
• Subsequent system should add shock absorbers to the wheels of the wheelchair to 

reduce vibrations while it is moving. 
• Three additional ultrasonic sensors can be used so that the wheelchair can detect 

obstacle in all directions. 
• New mechanism like using pan tilt with the camera’s system will allow the user to 

have different angles of view when controlling the system. 
• Addition of security to the web application by creating a login page to enhance 

safety and to restrict unauthorized users from controlling the wheelchair. 
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Abstract. The topicality of systemic research on informatics (IT) security in the Republic of 
Moldova is argued. Based on international practices, a set of 24 indicators (aspects) is 
defined for the incipient assessment of the state of informatics security in 
enterprises/organizations/institutions (EOIs). Through an online survey, the respective 
information is collected, EOIs being differentiated into 5 categories according to the 
number of employees, within each of which are distinguished ICT-EOIs and non-ICT-EOIs. 
The weighted average value of the percentage of EOIs (%EOI), of the percentage of ICT-
EOIs (%ICT-EOIs) and of the percentage of non-ICT-EOIs (%non-ICT-EOIs) on 23 aspects of 
informatics security are: overall for EOIs - 71.7%, for ICT-EOIs - 73.3%, and for non-ICT-EOIs 
- 66.1%. The state of IT security of ICT-EOIs is better than that of non-ICT-EOIs. The biggest 
difference %ICT-EOIs – %non-ICT-EOIs is with reporting the IT security vulnerabilities of 
the implemented software, with performing the IT security audit of new IT 
applications/systems before implementation and with the implementing of an internal IT 
security policy. The dependence of the average value (on 23 aspects) of %EOIs on the 
number of employees is increasing. Moreover, the percentage of EOIs with 100% IT security 
performance for EOIs with over 500 employees is about twice as high (91.7%) as that for 
EOIs with up to 10 employees inclusive (43.8%). 

 

Keywords: enterprises/organizations/institutions, indicators, informatics security evaluation, 
informatics space, survey. 

 

1. Introduction 
Information is a strategic resource. Many parts of it are confidential (personal data, 

commercial secret, state secret). E-commerce is widely used, various online financial 
transfers take place, etc. Unauthorized access to such information, but also massive, 
targeted (as the case may be) misinformation of the population, especially through the 
Internet, leads to considerable losses, slowing down the pace of economic growth and 
population welfare. Cybersecurity Ventures predicts cybercrime will cost the world in excess 
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of $6 trillion in 2021 [1] that is approx. 4% of global GDP. If in proportion to the global 
losses, then in the Republic of Moldova they will constitute, starting with 2021, over 8 
billion MDL annually. iFrauds causes losses of 0.5-5% of the total expenditure of public 
institutions [2]. The survey in the field of informatics security (i-security), conducted in 
Moldova in 2017 [3], showed that all users who use informatics means need at least 
general knowledge in IT security. 

At the same time, in the period 2005-2014, the share of group organized cyber-
attacks increased four times, reaching approx. 80% of the total [4]. Respectively, cyber-
attacks are becoming more sophisticated, and counteracting them - increasingly difficult, 
requiring deep knowledge and related research. Applying local security solutions only 
temporarily reduces the risks. Moreover, the appropriate solution implemented today may 
(in a relatively short time) become insufficient. The overall approach to IT security is 
required with dynamic adaptation to concrete situations. 

There are relatively effective theoretical results and practical means of informatics 
security in the world. But the field is largely confidential, the exchange of information is 
restricted, often severely restricted, there are many cases of misinformation. 

Ensuring i-security is very complex, multidimensional and long-term and requires 
considerable investment. In the conditions of an acute deficit of financial resources, 
characteristic to the Republic of Moldova, it is of paramount importance to support and 
promote the balanced development of areas that will subsequently ensure sufficiently fast 
(depending on the development phase) and massive (large enough) further actions related 
to i-security in support of economic growth in the republic. 

The paper is intended for the incipient characterization of the informatics security 
state within some enterprises/organizations/institutions (EOIs) and, tangentially, in the 
Republic of Moldova as a whole. 

 

2. General considerations regarding the evaluation of informatics security 
Monitoring and evaluating the degree of society's i-security or related to it is done 

by a wide range of approaches and methodologies, which differs on the pursued aim or the 
ways of achieving it. However, all of these involve the use of a certain set of indicators, 
which essentially determines the specificity of each of them. At the same time, the quality 
of the evaluation depends substantially on the veracity of the primary information. That is 
why both the terms used and the respective indicators must be unequivocally defined. 

It would be good if the aspects of i-security assessment were elucidated in detail on 
different categories of entities: public administration institutions, enterprises, organizations, 
economic activities and population. But such assessments would require considerable 
expenses. In conditions of very limited resources, it is reasonable to schedule work in time, 
starting from the highest priority ones. Of course, defining such priorities is still subjective. 

For these reasons, research is currently focused on EOIs. Five categories of EOIs are 
defined according to the number of employees (very small - up to 10 employees, small - 11-
50 employees, small-medium - 51-100 employees, medium - 101-500 employees and large 
- over 500 employees), and each of them distinguishes between ICT-EOIs (EOIs related to 
Information and Communication Technologies sector - ICT) and non-ICT-EOIs (EOIs not-
related to ICT sector). So, in total there are 10 categories of EOIs. 

When defining the respective set of indicators, international practice in the field is of 
great importance. The research of methodologies, related to the monitoring and evaluation 
of i-security state, highlights a wide diversity of approaches. Each of these methodologies is 
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aimed at determining or estimating the values of some indicators. Indicators can be primary 
or synthetic, composite (calculated based on several primary indicators), sometimes called 
indices. The set of indicators used depends on the purpose pursued. Gradually, with the 
progress made in advancing to the Information Society, methodologies for assessing 
information security are proposed, estimating the achievement of established objectives, 
the degree of coverage with specific technologies and tools of activities in various spheres 
of society and especially the afferent impact. This is eloquently seen in the eEurope 2002 
[5], eEurope 2002+, eEurope 2005 [6], i2010 [7], Horizon 2020 [8] and Digital Europe 2021-
2027 [9] programs. The first global index to assess the ability to withstand cyber-attacks 
and deploy the necessary IT infrastructure is the Cyber Power Index (CPI), proposed by Booz 
Allen Hamilton in 2011 [10]. The evaluation is based on 39 indicators. 

Although evaluation methodologies are ultimately citizen-oriented, both the 
emphasis and the degree of detail of the set of indicators differ, often considerably. 
Moreover, sometimes even the sets of indicators used for the same purposes, but taking 
into account the new realities, are subject to change over time. For example, if for the 
eEurope2005 Program [5], approved in 2002, the focus was on some indicators, then in the 
i2010 Program [1], approved in 2005, the focus is largely on other indicators, including the 
new ones. Some characteristics of the various methodologies for assessing the IT security or 
directly related to it, approved or recommended by international bodies or related 
companies/organizations, are systematized in Table 1 [11]. 

 

Table 1 
Destination and number of indicators used in some programs and methodologies  

Index/methodology/ 
program 

Destination 
Basing organi-

zation/year 

Number 
of 

indicators 
Global Cybersecurity 
Index (GCI) [12] 

Commitment of countries to 
cybersecurity at a global level  

ITU/2013 25 

Cyber Readiness Index 
(CRI) [13] 

Assessing countries' maturity and 
commitment to information security 

Hathaway 
Global 

Strategies LLC/ 
2013 

70 

National Cyber Security 
Index (NCSI) [14] 

Measures the preparedness of countries 
to prevent cyber threats and manage 
cyber incidents 

e-Governance 
Academy/2016 

46 

Cyber Power Index 
(CPI) [10] 

Ability to withstand cyber-attacks and to 
deploy the necessary digital 
infrastructure 

Booz Allen 
Hamilton/2011 

39 

Information security 
indicators (ISI) [15] 

Assessing security controls level of 
enforcement and effectiveness 

ETSI/2013 97 

CIS security metrics 
[16] 

Collection and analysis of data related to 
the performance and results of security 
processes 

CIS/2010 28 

CIS Controls [17] 
Identifying and mitigating the 
consequences of cyber-attacks on 
computer systems and networks 

CIS/2015 (v.6) 171 
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Continuation Table 1 
E-Europe 2005 
Programme: Category I 
[6] 

Experience and use by Internet users of 
computer security means 

UE/2002 5 

i2010 Programme: 
Groupe III [7] 

Experience and use of computer security 
means 

EU/2005 survey 

Digital Agenda for 
Europe 2020 [18] 

Stimulating the digital economy and 
addressing societal challenges through 
ICT 

EU/2010  

Horizon 2020: Secure 
Societies Challenge [8] 

European attitudes towards cyber 
security 

EU/2013  

Digital Europe 2021-
2027: Information 
Security [9] 

Strengthening the security capabilities of 
networks and information systems EU/2019  

 

The paper [11] describes in more detail the indices, methodologies, and programs 
mentioned in Table 1. In the Republic of Moldova, out of the multitude of evaluations 
regarding the informatization of society, few refer directly to informatics security (Table 2, 
[11]). It should be noted that, unlike the indicators of the "Electronic Moldova" [19] and 
"Digital Moldova 2020" strategies [20], the 17 indicators of the "Cyber Security Program" 
2016-2020 [21] refer to the monitoring and evaluation of the policy documents in the field 
of information security implementation and not to the assess of i-security degree achieved 
as a result of implementing the program actions. 

Moreover, according to art. 37 of the Concept of information security of the Republic 
of Moldova [23], until December 21, 2017 at the national level no complex cyber security 
audit processes were performed, nor are there any studies or reports that would reflect in 
detail the situation regarding cybercrime (cyber risks and threats, cyber-attacks and 
incidents, other events in cyberspace), as well as the number of victims and the amount of 
its economic damage. The only official sources of statistical data on cybercrime are the 
Register of Crimes, Criminal Cases, Criminals and Crime Materials, held by the Ministry of 
Internal Affairs and the Informatics system „Criminal investigation: E-case”, managed by the 
General Prosecutor's Office. 

 

Table 2 
About i-security indicators used in some documents in the Republic of Moldova 

Index/methodology/program Destination 
Basing organi-

zation/year 
Number of 
indicators 

National strategy for building 
the information society 
„Electronic Moldova” [19] 

Assessing the informatics security 
degree in the Republic of 
Moldova 

Government 
of the 

Republic of 
Moldova/2005 

3 

National Strategy for 
developing the information 
society “Digital Moldova 2020” 
[20] 

Assessing the security and trust 
degree in the digital space 

Government 
of the 

Republic of 
Moldova 

/2013 

4 
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Continuation Table 2 

National cyber security program 
of the Republic of Moldova for 
the years 2016-2020 [21] 

Monitoring and evaluating the 
implementation of the policy 
documents provided by the 
program 

Government 
of the 

Republic of 
Moldova 

/2015 

17 

Erasmus+ project LMPI - 
N°573901-EPP-1-2016-1-IT-
EPPKA2-CBHE-JP [3] 

Identifying the target professions 
and training needs in the field of 
informatics security in Moldova  

TUM,BARSU, 
SUM, AESM/ 

2017 

23 
questions 

The information security 
strategy of the Republic of 
Moldova for the years 2019-
2024 [22]  

Strengthening information 
security in the Republic of 
Moldova 

The Republic 
of Moldova 
Parliament 

/2018 

- 

The survey (23 questions), realized in 2017 under the Erasmus+ LMPI project [3], was 
focused on identifying target professions and training needs in the field of information 
security in Moldova and not on assessing the degree of i-security in the republic. 

Also, the annual statistical reports 1-inf (Situation on informatization and Internet 
connection) and 1-CE (Activity in the field of electronic communications) of the National 
Bureau of Statistics and the annual reports on the activity and evolution of ICT products and 
services market of the National Agency for Regulations in Electronic Communications and 
Information Technology do not contain indicators for assessing the degree of i-security in 
the republic. 

Thus, at the moment, official statistical data that would reflect the degree of 
informatics security in the republic are not known. At the same time, the Republic of 
Moldova appears in some international evaluations in the field (Table 3). 

 

Table 3 
Republic of Moldova in international i-security rankings 

No. Index name 
Total 

countries in 
the ranking 

The 
Republic of 

Moldova 
place in the 

ranking 
1 Global Cybersecurity Index, GCIv3, y. 2018/2019 [12] 175 53 
2 Cyber Readiness Index, CRI 2.0, y. 2015 [13] 125 N/A 
3 National Cyber Security Index – NCSI 2018 [14] 100 40 
4 National Cyber Security Index – NCSI 2020 [14] 152 52 

The data in Table 3 show a slightly more advanced degree of i-security of the 
Republic of Moldova than the international average. 

 

3. Informatics security assessment indicators 
Taking into account the international practice as well as that of the Republic of 

Moldova and also the fact that the research does not pursue the purpose of general 
characterization, covering all the aspects related to the IT security of the organization (see 
s. 2), in evaluations, for the 10 categories of EOIs, as criteria are used 23 aspects of i-
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security performance listed in Table 4 and also the indicator 27 - „The time that has passed 
since the last i-security audit of the EOI informatics space”. 

 

Table 4 
The names of 23 aspects of 100% EOI i-security performance 

No. Criterion (aspect) 

3 EOI has implemented an internal informatics security policy 
4 EOI has implemented internal informatics security standards (regulations)  
5 EOI has a recovery plan in case of informatics security incidents 
6 EOI has a subdivision or authorized person responsible for i-security 
7 EOI uses, in sensitive cases, secure dedicated computers (stations)  
8 EOI uses dedicated VLANs (virtual local area networks) 
9 EOI uses VPNs (virtual private networks) 
10 EOI uses firewalls 
11 In EOI, non-Web sensitive files, including logs, are secured  

12 
In EOI, the informatics security audit of the new informatics applications/systems 
before implementation is provided 

13 In EOI, backups of sensitive information on secure servers are automatically created  
14 In EOI, IDS/WIDS at all perimeter nodes of the network are used 
15 In EOI, IPS/WIPS at all perimeter nodes of the network are used 
16 In EOI, access to resources is regulated 

17 
In EOI, sufficient complexity and regular updating of user account passwords is 
automatically checked 

18,19 All EOI-owned websites are secure (https) 
20 In EOI, centrally managed anti-malicious software is used 

21 
In EOI, the inventory and periodic scanning of the informatics security of network’s 
perimeter nodes is performed 

22 
In EOI, external and internal penetration are tested to identify vulnerabilities and 
attack vectors 

23 In EOI, the security vulnerabilities of the implemented software are reported 
24 In EOI, informatics security incidents are noted 

25 
In EOI, employees are informed about the implications of informatics security, 
including possible malicious programs 

26 In EOI, the informatics security audit of the informatics space as a whole is performed 
 

4. Organizing and participating in data collection 
Evaluation data are collected by sampling. A questionnaire, based on the set of 

indicators described in s. 3, is used for the survey. The questionnaire contains 28 questions, 
the last one referring to contact information. There are 4 open questions and 24 questions 
with only one option to select, of which: 

1) 18 questions (in Table 4 numbered 5-13, 16, 17 and 20-26) with 2 options; 
2) 5 questions (in Table 4 numbered 3, 4, 14, 15 and (18, 19)) with 3 options; 
3) 1 question (indicator 27) with 5 options. 
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Taking this into account, 23 aspects (criteria) of i-security with two or three answer 
options (aspects 3-26) and separately aspect 27 are investigated in calculations. In case of 
the five aspects of i-security performance with the selection of one of three alternatives, the 
performance may be '0%', 'v100%' (greater than 0% but less than 100%) and '100%'. 
Namely, for the case of 100% EOIs i-security performance, the names of the 23 aspects are 
defined in Table 4. 

Taking into account the SARS-CoV-2 alert situation in the Republic of Moldova 
during the reference period, the online collection of information was organized for the 
survey. For this purpose, the questionnaire was placed on the Internet in Microsoft Forms. 

The survey took place between May 25 and June 20, 2020. Totally, representatives of 
over 600 EOIs, including 12 banks, were contacted to complete the Questionnaire. Of them, 
88 respondents completed the questionnaire. The participation in the survey of the EOIs 
representatives, classified in 10 categories, is given in Table 5. 

 

Table 5 
Participation in the survey of EOIs representatives 

Number of 
employees in EOI 

ICT-EOIs Non-ICT-EOIs  Total EOIs 
nr.  % nr.  % nr.  % ÎOI % TIC % non-TIC 

< 11 14 20.6 1 5.0 15 17.0 93.3 6.7 
11.-50 14 20.6 5 25.0 19 21.6 73.7 26.3 
51-100 10 14.7 2 10.0 12 13.6 83.3 16.7 
101-500 15 22.1 8 40.0 23 26.1 65.2 34.8 
> 500 15 22.1 4 20.0 19 21.6 78.9 21.1 

Total 68 100 20 100 88 100 77.3 22.7 

According to Table 5, out of the 88 participating EOIs, 68 (77.3%) belong to the ICT 
sector (economic activity) (ICT-EOIs) and only 20 (22.7%) - to the other economic activities 
(non-ICT-EOIs). Also, the share of ICT-EOIs of different categories according to the number 
of employees is from 14.7% to 22.1% (it is of relatively uniform distribution), while for the 
non-ICT-EOIs the respective share is from 5.0% to 40.0% (it is of strongly uneven 
distribution). This may be due to more than three times the number of non-ICT-EOIs 
participating in the survey compared to ICT-EOIs. The biggest discrepancy is for EOIs with 
up to 10 employees (14 : 1 = 14), followed by EOIs with 51-100 employees (10 : 2 = 5). 

 

5. The EOI informatics security status 
Graphs of the dependence of ICT-EOIs (%ICT-EOIs) and non-ICT-EOIs (%non-ICT-

EOIs) percentage, at 100% i-security performance, on aspects 3-26 (see Table 4), obtained 
basing on data from Annexes 9 and 10 of [11], are shown in Figure 1.  

From Figure 1 it can be seen that the percentage in question varies from 33.8% to 
94.1%. Namely, only at 33.8% of ICT-EOIs is ensured 100% i-security performance in terms 
of IPS/ WIPS use at all perimeter nodes of the EOI network (total EOIs, aspect 15, - 34.1%) 
and, likewise, the use of IDS/WIDS at all perimeter nodes of the EOI network (total EOIs, 
aspect 14, - 35.2%). These two aspects are critical (the least EOIs have 100% i-security 
performance) for both ICT-EOIs and non-ICT-EOIs. Also, the i-security audit of informatics 
space is performed only at about 46.6% of the EOIs. 
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Figure 1. The %EOls, %ICT-EOls and %non-ICT-EOls dependence on aspects 3 – 26 at 100% 

i-security performance. 
 

A low degree of i-security is also in terms of testing external and internal 
penetration to identify vulnerabilities and attack vectors on the EOI informatics space 
(aspect 22 - 59.1%), the use, in sensitive cases, of secure dedicated computers (aspect 7 - 
68.2%) and performing the informatics security audit of new informatics 
applications/systems before implementation (aspect 12 - 69.3%). 

At the same time, the best situation regarding i-security is with the automatic 
creation of backups of sensitive information on secure servers (aspect 13 - 92.0%). A 
relatively high degree of i-security is also in terms of regulating access to resources (aspect 
16 - 90.0%), the use of VPN (aspect 9 - 88.6%), the use of firewalls (aspect 10 - 85.2%) and 
informing employees about the implications of informatics security, including possible 
malicious software (aspect 25 - 85.2%). 

Also, the unweighted average value of %EOI, %ICT-EOIs and %non-ICT-EOIs on the 
23 i-security aspects constitutes: 

 for EOI - 71.7%; 
 for ICT-EOIs - 73.3%; 
 for non-ICT-EOIs  - 66.1%. 
Of course, the 23 i-security aspects are, as a rule, of different importance - 

importance that may vary at different EOIs even in terms of one and the same aspect. At the 
same time, in comparative research, the unweighted use of the values of researched 
indicators puts in relatively equal situations the compared EOIs categories. Thus, the 
average degree of EOIs i-security (based on the 23 aspects) is about 71.7%; that is, in 71.7% 
of cases regarding the 23 aspects, the 100% i-security performance is ensured. Respectively, 
for ICT-EOIs it is about 73.3% of cases, and for non-ICT-EOIs - of 66.1%. 

For a more detailed comparison, in Figure 2 is given the graph of the difference 
%ICT-EOIs – %non-ICT-EOIs dependence, at the 100% i-security performance, on aspects 3-
26. As expected, from Figures 1 and 2 it can be seen that the state of i-security in ICT-EOIs 
is better than in the non-ICT-EOIs. The biggest difference %ICT-EOIs – %non-ICT-EOIs is 
with the reporting of i-security vulnerabilities of the implemented software (aspect 23), 
performing i-security audit of new informatics applications/systems before implementation 
(aspect 12) and the implementation of an internal i-security policy (aspect 3). The 
unweighted average value of the difference %ICT-EOIs – %non-ICT-EOIs on the 23 i-
security aspects is 7.3%. 
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Figure 2. Difference %ICT-EOls - %non - ICT-EOls dependence on aspects 3 – 26 at 100% i-

security performance. 
 

Moreover, it can be stated with certainty that the situation with i-security at non-ICT-
EOIs is weaker than that shown in Figures 1 and 2, that is on average the difference in 
question is greater than 7.3%. As arguments for such a statement could be: 

1) the small number of non-ICT-EOIs that responded to the request to participate in 
the survey (only 20 non-ICT-EOIs), compared to the number of EOIs that the 
survey organizers addressed. Possibly, in some non-ICT-EOIs there was no one to 
fill in the questionnaire form knowingly; 

2) participation in the survey of only one non-ICT-EOIs with a number of up to 11 
employees (out of the 20, that is 5%), while ICT-EOIs with a number of up to 11 
employees participated 14 (out of the 68, that is 20.6%). It is known (see also 
Figure 3) that the situation with i-security at EOIs with a small number of 
employees is weaker than at EOIs with a large number of employees; 

3) participation in the survey of the National Bank of Moldova (non-ICT-EOI), whose 
informatics space is of a high level of i-security. 

In order to identify the discrepancy of i-security performance between large EOIs 
(with more employees) and small EOIs (with fewer employees), the graph of %EOIs average 
value, on aspects 3 - 26, dependence on the number of employees (at 100% i-security 
performance) is constructed (see Figure 3).  

 
Figure 3. The %EOls average value (on aspects 3 - 26) dependence on the number of 

employees at 100% i-security performance. 
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It can be seen that the %EOIs average value dependence, at i-security performance 
of 100%, on the number of employees is increasing. Moreover, the percentage of EOIs with 
100% i-security performance for EOIs with over 500 employees is about twice as high 
(91.7%) as for EOIs with up to 10 employees (43.8%). 

Of interest is the dependence on aspects 3 - 26 of %EOIs (at 100% i-security 
performance) by categories according to the number of employees. The respective graph is 
presented in Figure 4. It clearly shows the big difference between the i-security status of 
large EOIs (over 500 employees) and of the small ones (up to 10 employees inclusive) for 
each of the 23 aspects. 

 

 
Figure 4. Dependence of %EOIs (at 100% i- security performance), by categories according 

to the number of employees, on aspects 3 – 26. 
 

It should be noted that in case of EOIs with up to 10 employees, IPS/WIPS at all 
perimeter nodes of the corporate network are not used (aspect 15) nor is the i-security audit 
of the informatics space performed (aspect 26) in any EOI. Among these, the number of EOIs 
using IDS/WIDS at all perimeter nodes of the corporate network (aspect 14), using 
dedicated VLANs (aspect 8) and testing external and internal penetration to identify 
vulnerabilities and attack vectors (aspect 22) is also reduced. Moreover, few such EOIs have 
implemented an internal i-security policy (aspect 3), have implemented internal i-security 
regulations (aspect 4) and have a recovery plan in case of i-security incidents (aspect 5). 

Significantly better than at EOIs with up to 10 employees, is the state of i-security at 
EOIs with 11 to 50 employees.  

However, only 20% of them use IDS/WIDS (aspect 14) and IPS/WIPS (aspect 15) at all 
perimeter nodes of the corporate network and only 52.6% of them have implemented an 
internal i-security policy (aspect 3) and tests external and internal penetration to identify 
vulnerabilities and attack vectors (aspect 22). 

On the other hand, all EOIs with over 500 employees have 100% i-security 
performance in 10 aspects: 3, 4, 6, 8-11, 13, 16 and 24. But also in this category of EOIs, 
only 57.9 % EOIs use IPS/WIPS (aspect 15) and 63.2% EOIs use IDS/WIDS at all perimeter 
nodes of the network (aspect 14).  

Also, about 78.6% of EOIs perform the i-security audit of the informatics space as a 
whole (aspect 26) and 78.9% of EOIs perform the periodic inventory and scan on i-security 
of the perimeter nodes of the network (aspect 21). 
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In the process of improvement is the state of i-security on aspects with three 
alternative answers, namely: 3, 4, 14, 15 and (18, 19).  

That information can be found in Tables A10.3, A10.4, A10.14, A10.15 and 
A10.(18,19) of [11].  

The results, obtained by adding the calculations for the alternative of full 
compliance with the i-security requirement (100%) and those for the alternative of partial 
compliance with the i-security requirement (greater than 0% but less than 100%) at each of 
these aspects, with the respective reformulations, are systemized in Tables 6 and 7. 

 In Table 6 EOIs are differentiated in ICT-EOIs and non-ICT-EOIs categories, and in 
Table 7 the EOIs are differentiated in categories according to the number of employees. 

 

Table 6 
Features of aspects with three alternative answers (EOIs, ICT-EOIs and non-ICT-EOIs) 

No. iSecurity aspect 
Total EOIs Total ICT-EOIs 

Total non-ICT-
EOIs 

Answers  % Answers % Answers % 

3 
EOI has implemented or is 
implementing an internal i-security 
policy 

78 88.6 60 88.2 18 90.0 

4 
EOI has implemented or is 
implementing internal i-security 
regulations 

78 88.6 61 89.7 17 85.0 

14 
In EOI, IDS/WIDS are used on all or 
part of the perimeter nodes of the 
network 

63 71.6 48 70.6 15 75.0 

15 
In EOI, IPS/WIPS are used on all or 
part of the perimeter nodes of the 
network 

60 68.2 48 70.6 12 60.0 

18,19 
All or part of the EOI-owned 
websites are secure (https) 

82 93.2 65 95.6 17 85.0 

 

Using, for aspects 3, 4, 14, 15 and (18, 19), the data from Table 6 and, respectively, 
those from Table 7, and for the other aspects - the same data as those used to build the 
graphs in Figures 1 - 4, the dependencies shown in Figures 5-8 are obtained. 

The direct comparison, in pairs, of the information in Figure 1 with that in Figure 5, 
in Figure 2 with that in Figure 6, in Figure 3 with that in Figure 7 and in Figure 4 with that 
in Figure 8 would not be correct. Figures 1-4 do not take into account the information 
regarding the partial observance of some i-security requirements, and in Figures 5 - 8 the 
v100% i-security performance is considered and not the 100% one.  

However, the use of the information in Figures 5 - 8 (and in tables on which these 
figures are built) allows a broader characterization of the degree of EOIs i-security. 
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Table 7 
Features of aspects with three alternative answers, EOIs by categories according to the 

number of employees 

No. iSecurity aspect 
%EOI 

< 11 11-50 51-100 101-500 > 500 

3 
EOI has implemented or is implementing an 
internal i-security policy 61.9 84.2 91.7 95.7 100.0 

4 
EOI has implemented or is implementing internal 
i-security regulations 66.7 78.9 91.7 100.0 100.0 

14 
In EOI, IDS/WIDS are used on all or part of the 
perimeter nodes of the network 33.3 63.2 58.3 87.0 100.0 

15 
In EOI, IPS/WIPS are used on all or part of the 
perimeter nodes of the network 33.3 68.4 58.3 73.9 94.7 

18,19 
All or part of the EOI-owned websites are secure 
(https) 86.7 89.5 100.0 95.7 94.7 

 

Comparing Figure 5 with Figure 1, one can see a possible gradual improvement of 
the situation regarding the internal i-security policy (aspect 3), the use of IDS/WIDS at all 
perimeter nodes of EOI network (aspect 14) and the use of IPS/WIPS at all perimeter nodes 
of EOI network (aspect 15) - these are implemented in several EOIs. Moreover, in many EOIs 
some of the websites are, however, secure (aspect (18, 19)). 

 

 
Figure 5. The %EOls, % ICT-EOls and %non-ICT-EOls dependence on aspects 3 – 26 at 

v100% i-security performance. 
 

Also, in the case of v100% i-security performance, the unweighted average value of 
%EOIs, %ICT-EOIs and %non-ICT-EOIs on the 23 aspects of i-security constitute: 

 for EOIs - 76.9%, compared to 71.7% in the case of 100% performance; 
 for ICT-EOIs - 78.5%, compared to 73,3% in the case of 100% performance; 
 for ÎOI-non-TIC - 71.3%, compared to 66.1% in the case of 100% performance. 
Thus, in 76.9% of cases regarding the 23 aspects, the v100% i-security performance 

is ensured. Respectively, for ICT-EOIs it is about 78.5% of cases, and for non-ICT-EOIs - 
71.3% of cases. 
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Figure 6. Difference „%ICT-EOIs – %non-ICT-EOIs dependence on aspects 3 – 26 at v100% 

i-security performance. 
 

Figures 2 and 6 show a comparative improvement of non-ICT-EOIs i-security 
compared to that of ICT-EOIs on aspects 3 (EOI has implemented or is implementing an 
internal i-security policy) and 4 (IOI has implemented or is implementing internal i-security 
standards/regulations) and, conversely, a comparative improvement of ICT-EOIs i-security 
compared to that of non-ICT-EOIs in terms of aspects 14 (IDS/WIDS are used in all or part of 
the perimeter nodes of the EOI network) and 15 (IPS/WIPS are used in all or part of the 
perimeter nodes of the EOI network) and (18,19) - all or part of the EOI-owned websites are 
secure (https). However, the weighted average value of the difference %ICT-EOIs – %non-
ICT-EOIs on the 23 aspects at v100% i-security performance is 7.2% that is approximately 
the same as at 100% i-security performance. 

 

 
Figure 7. The %EOls average value (on aspects 3 - 26) dependence on the number of 

employees at v100% i-security performance. 
 

Data in Figure 7 show that the dependence of %EOIs average value, on aspects 3-26, 
to the number of employees at v100% i-security performance is increasing, as in the case of 
100% i-security performance (see Figure 3), but the difference between the categories of 
EOIs with 11-50 employees and with 51-100 employees has been considerably reduced - 
this is only 0.4%. 

Also, the %EOIs by categories (according to the number of employees) dependence 
on aspects 3-26 at v100% i-security performance has usually become closer between 
different categories. This is also explained by the fact that the possible improvement of i-
security is limited from above by the 100% maximum possible. Thus, the difference 
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between the average of EOIs category with over 500 employees and that of EOIs category 
with up to 10 employees is of 48.0% according to Figure 3 and of 45.2% according to Figure 
7. This situation is also observed when comparing data of Figure 4 with those of Figure 8. 

 

 
Figure 8. Dependence of % EOls (at v100% i-security performance), by categories according 

to the number of employees, on aspects 3 – 26. 
 

In the case of v100% i-security performance, things seem to be improving, but 
according to Figures 4 and 8 there is still a big difference for 21 of the 23 aspects of i-
security between EOIs with up to 10 employees and that of EOIs of other categories. 
However, some EOIs with up to 10 employees are in a position to implement the internal i-
security policy (aspect 3) and the internal i-security standards (regulations) (aspect 4) and 
also IDS/WIDS (aspect 14) and IPS/WIPS (aspect 15) are implemented at a part of corporate 
network perimeter nodes. Nevertheless, none of such EOIs performs the IT security audit of 
their own informatics space (issue 26). 

It should also be noted that to the 10 aspects, to which EOIs with over 500 
employees have a 100% i-security performance (3, 4, 6, 8 - 11, 13, 16 and 24), the aspect 14 
is added, to which such EOIs have v100% i-security performance. 

Regarding the i-security criterion 27 (time elapsed since the last IT security audit) - 
the representatives of 41 EOIs, where the i-security audit of the informatics space was done, 
marked it. The calculation results for this criterion are given in the Table 8. 

 

Table 8 
Time elapsed since the last i-security audit of EOIs informatics space 

No. of 
employees 

ICT-EOIs Non-ICT-EOIs Total EOIs 
≤ 1 year > 1 year ≤ 1 year > 1 year ≤ 1 year > 1 year 

no.  % no.  % no.  % no.  % no.  % no.  % 
< 11 0 0 1 100 0 0 0 0 0 0 1 100 
11-50 5 100 0 0 4 100 0 0 9 100 0 0 
51-100 5 100 0 0 0 0 0 0 5 100 0 0 
101-500 8 80.0 2 20.0 2 100 0 0 10 83.3 2 16.7 
> 500 8 72.7 3 27.3 3 100 0 0 11 78.6 3 21.4 
Total 26 81.3 6 18.8 9 100 0 0.0 35 85.4 6 14.6 

Of the 41 EOIs, where the informatics space i-security audit took place, 32 are ICT-
EOIs and 9 are non-ICT-EOIs. Thus, the ratio between ICT-EOIs and non-ICT-EOIs for these 
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41 EOIs is approximately the same as in the case of the all 88 EOIs: 32 : 9 = 3.(5) and 68 : 20 
= 3.4. 

At the same time, if in the case of non-ICT-EOIs for all of them the time elapsed 
since the last i-security audit of the informatics space does not exceed 1 year, then in the 
case of ICT-EOIs the time in question does not exceed 1 year for only 26 EOIs (81.3%). So, 
non-ICT-EOIs, having, on average, a lower degree of i-security than ICT-EOIs, take a greater 
care in conducting the i-security audit.  

At the same time, small ICT-EOIs may often be able to assess the security of their 
own informatics space without a dedicated audit. 

 

6. Conclusions 
At the national level, several laws and decisions of the Parliament and decisions of 

the Government of the Republic of Moldova, some of which are listed in Annex 9 of [11], 
provide the legal and normative framework in the field of informatics security. Within them 
are approved the “National Cyber Security Program of the Republic of Moldova for the years 
2016-2020” [21], the Information Security Strategy of the Republic of Moldova for the years 
2019–2024 [22] and others.  

Also, as standards for the Republic of Moldova, 214 international and European 
standards on data processing, storage, secure access, security of informatics systems, 
electronic communications systems, etc. were adopted, including 22 ISO standards and 15 
ETSI standards related to “Cyber security”. 

Regarding the monitoring of informatics security at national level, the situation is 
less gratifying: few of the many assessments conducted on the informatization of society in 
the republic relate directly to informatics security. At present, official statistics that would 
reflect the degree of computer security at the national level are not known.  

At the same time, the Republic of Moldova appears in some international 
assessments in the field, which show a degree of its i-security a little more advanced than 
the world average. 

Based on an online survey, some features of i-security state within EOIs are 
determined. For the case of 100% i-security performance, the average degree of EOIs i-
security is about 71.7%; that is, within 71.7% of the EOIs, the 100% i-security performance 
is ensured regarding the 23 aspects. Respectively, for ICT-EOIs it is about 73.3% of cases, 
and for non-ICT-EOIs - of 66.1% of cases. The average degree of EOIs i-security is increasing 
compared to their size (number of employees), being, for example, 43.8% for EOIs with up 
to 10 employees and of 91.7% for IOIs with more than 500 employees. 

Of the 23 aspects of i-security, the automatic creation of backups of sensitive 
information on secure servers is the best situation (92.0%).  

A relatively high degree of i-security is also in terms of regulating access to 
resources (90.9%), the use of VPN (88.6%), the use of firewalls (85.2%) and informing 
employees about the implications of i-security, including possible malicious programs 
(aspect 25 - 85.2%). 

At the same time, the use of IPS/WIPS and the use of IDS/WIDS at all perimeter 
nodes of the EOIs corporate network are in the worst situation (34.1% and 35.2% 
respectively). A low degree of i-security is also in terms of EOIs informatics space IT security 
auditing (46.6%), testing external and internal penetration to identify vulnerabilities and 
attack vectors on EOIs informatics space (59.1%), the use in sensitive cases of dedicated 
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secure computers (68.2%) and the performing of i-security audit of new 
applications/informatics systems before implementation (69.3%). 

Regarding the case of v100% i-security performance, the average degree of EOIs i-
security is about 76.9%, of ICT-EOIs - 78.5% and of non-ICT-EOIs - 71.3%. In reality, the 
average degree of non-ICT-EOIs i-security is probably much lower, intuiting that a large 
part of them, especially the small ones, did not participate in the survey, due to a low i-
security.  

Although the values of the v100% i-security performance indicators mean some 
improvement (present or expected in the not too far future) of the EOIs i-security, compared 
to those of the 100% i-security performance indicators, the overall state of i-security cannot 
be considered sufficient for the most of EOIs, including for reasons such as: 

1) the 23 investigated i-security aspects do not cover a large part of the aspects i-
security usually considered internationally (see, for example, Annexes 5 and 7 of 
[11]); 

2) for a good part of the 23 aspects of i-security the degree of i-security is low; 
3) cyber-attacks are intensifying and becoming more complex and aggressive; more 

and more often they are organized by groups of specialists [4], and sometimes 
even by state services [24]. 
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Abstract. 5G is the new mobile communications technology which uses the latest 
techniques to provide a step change in performance, but it also provides some unique 
challenges. 5G provides the increased speed, bandwidth, low latency as well as the ability 
to support the low data rate communications required for many narrow band IoT 
applications. 5G signals - particularly those at millimeter-wave frequencies - struggle to 
penetrate walls and circumvent physical structures. Since the vision and the marketing for 
5G is for to have its towers within several feet of one another, and to have 5G technology, 
inside of homes, within phones, games, appliances, et al., it is likely that nowhere may be 
safe from these waves. While the air outside will still contain ample amounts of oxygen in a 
5G world, our bodies ironically could still suffocate. Nobody can avoid to be exposed. 
According to estimate, ”10 to 20 billion connections” (to refrigerators, washing machines, 
surveillance cameras, self-driving cars and buses, etc.) will be parts of the Internet of Things 
(IoT). All these together can cause a substantial increase in the total, long-term RF-EMF 
exposure to all planet citizens. More efficient 5G equipment will transmit more data and 
ultimately consume more energy. We must be realistic and show respect for humans and 
the planet. Will 5G be good for the environment? When 5G isn’t enough, it will be time for 
6G. 

 

Key words: Challenges, network densification, IoT, safety, health perils, long-term RF exposure, 
influence on environment, CO2 emissions, climate change. 

 

Introduction 
Mobile traffic has significantly increased over the last decade, mainly due to the 

stunning expansion of smart wireless devices and bandwidth-demanding applications. This 
trend is forecast to be maintained, especially with the deployment of fifth generation (5G) 
and beyond networks and machine-type communications [1 - 3]. A major part of the mobile 
throughput growth during the past few years has been enabled by the so-called network 
densification, i.e. adding more base stations (BSs) and access points and exploiting spatial 
reuse of the spectrum. Emerging 5G cellular network deployments are envisaged to be 
heterogeneous and dense, primarily through the provisioning of small cells such as 
picocells and femtocells. Ultra-dense networks (UDNs) will remain among the most 
promising solutions to boost capacity and to enhance coverage with low-cost and power-
efficient infrastructure in 5G networks. Adaptive antennas have an increased efficiency of 
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the radio signal; this leads to a reduction of exposure per bit and higher energy efficiency. 
Total power of the antenna is distributed among the active users; therefore, adaptive 
antennas cannot always transmit the maximum power in all directions. All current 
approvals are based on the worst-case principle: This means that it is assumed that at any 
given time the entire power is sent out in all directions. 

We're rushing into 5G without thinking about the consequences. Or, worse yet, we 
thought about it and decided to go anyway, without regard for people or the environment. 
On the one hand, we're making efforts to reduce our carbon footprint, and we're even 
counting on 5G for that [4, 5]. On the other hand, we are going to induce frightening 
pollution with a hundred billion objects connected to build and then recycle, we don't know 
how yet. 

 

What the future brings 
The future 5G networks are expected to provide a new level of efficiency and 

performance that will enhance a user’s experience. The 5G networks are visioned to support 
and provide services that meet the communication requirements of ultra-reliable low-
latency communications (uRLLC), enhanced mobile broadband (eMBB), and massive 
machine-type communication (mMTC) [6, 7]. The 5G consists of nodes and cells with 
heterogeneous characteristics and capacities including device-to-device (D2D) user 
equipment, femtocells, picocells, macrocells, and cloudlets, which form a multi-tier network 
architecture [8]. Figure 1 presents a multi-tier architecture scenario of the 5G mobile 
network with different enablers [9]. The network is comprised of D2D networks, macro and 
small cells, cloud-enabled networks and different enabling technologies. 

 

 
Figure 1. 5G ultra-dense network architecture (after [9] and [14]). UAV: unmanned aerial 

vehicle. 
 

The future 5G networks are expected to provide a new level of efficiency and 
performance that will enhance a user’s experience [10, 11].The 5G networks are visioned to 
support and provide services that meet the communication requirements of ultra-reliable 
low-latency communications (uRLLC), enhanced mobile broadband (eMBB), and massive 
machine-type communication (mMTC). The 5G will consist of nodes and cells with 
heterogeneous characteristics and capacities including D2D user equipment, femtocells, 
picocells, macrocells, and cloudlets, which form a multi-tier network architecture. Figure 1 
presents a multi-tier architecture scenario of the 5G mobile network with different enablers. 
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The network is comprised of D2D networks, macro and small cells, cloud-enabled networks 
and different enabling technologies. 

We are observing an ever-increasing number of connected devices and the rapid 
growth of bandwidth-intensive wireless applications. The number of wirelessly connected 
devices was anticipated to exceed 11.5 billion by 2019, i.e. nearly 1.5 mobile devices per 
capita. In addition, it is expected that we will witness a 10 000-fold growth in wireless data 
traffic by the year 2030. Such unprecedented increases in mobile data traffic and network 
loads are pushing contemporary wireless network infrastructures to a breaking point. These 
predictions have raised alarm to the wireless industry and mobile network operators who 
are faced with the challenges of provisioning high-rate, low-delay, and highly reliable 
connectivity anytime and anywhere without significantly increasing energy consumption at 
the infrastructure, such as base stations, fronthaul and backhaul networks, and core 
networks. 5G is the 5th generation of mobile network technology (Figure 2) designed to 
meet the huge data growth and connectivity demands of modern society [12]. 

 

 
Figure 2 Increased performance in mobile communications. 

 

In addition to their potential in provisioning ubiquitous high-capacity wireless 
connectivity, ultra-dense networks also offer numerous opportunities and flexibility to be 
incorporated with other 5G candidate technologies, such as mm-Wave communications, 
massive multiple-input multiple-output (MIMO), non-orthogonal multiple access, in-band 
full-duplex operation, simultaneous wireless information and power transfer (SWIPT), 
device-to-device (D2D) communications, and distributed caching, to enable the realization 
of 5G technologies and systems’ full potential. 

The performance of wireless networks relies critically on their spatial configuration 
upon which inter-node distances, fading characteristics, received signal power, and 
interference are dependent. Cellular networks have been traditionally modelled by placing 
the base stations on a regular grid (usually on a hexagonal lattice), with mobile users either 
randomly scattered or placed deterministically. Tractable analysis can sometimes be 
achieved for a fixed user location with a small number of interfering BSs and Monte Carlo 
simulations are usually performed for accurate performance evaluation. As cellular 
networks have become denser, they have also become increasingly irregular [13, 14]. This is 
particularly true for small cells, which are deployed opportunistically and in hotspots and 
dense heterogeneous networks (HetNets). 

An example of dense small cells systems, with a region covered by a macrocell BS 
and a set of B small cell BSs is done in Figure 3. 
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Figure 3. An example of dense small cells systems (after [10]). 

 

There has been noticeable divergence on the conclusions of various network studies 
using spatial models, according to which densification is not always beneficial to the 
network performance. Recent and often conflicting findings based on various modelling 
assumptions have identified that densification may eventually stop delivering significant 
throughput gains at a certain point. 

 

The energy problem and the environment 
More efficient 5G equipment will transmit more data and ultimately consume more 

energy. The debate rages on 5G. However, there is another question on the minds of people: 
Will 5G be good for the environment? A research group in France has launched the charge: 
"There is now a consensus that 5G equipment consumes three times as much energy as 4G 
equipment." This is the starting point for the pessimistic scenario. 

However, other specialists are convinced that 5G will reduce CO2 emissions. They 
even speak of an opportunity for the planet. 

In fact, it all depends on how we behave and, more importantly, on how we fill the 
gap; in other words, how we use the time, energy and/or money gained from this new 
technology. Will we consume even more data? It's called the rebound effect. It may increase 
CO2 emissions. That is the danger. 

 

Health consequences and climate change problem 
When we discuss 5G, the question of its health consequences come first. However, 

there is another question that hardly anyone has paid attention to so far: Will 5G be good 
for the environment? For some, the answer is obvious: 5G should be the star of the Greens. 
It will make it possible to manage much better everything that is being done today in terms 
of sustainability: Water management, waste management, even the spread of pesticides in 
agriculture [15]. 

After health issues, 5G is concerned about climate change. The new mobile phone 
technology is spreading rapidly everywhere. However, what does it promise us in terms of 
climate change? 

Moratorium or not, 5G equipment is proliferating in all countries because this new 
technology promises us, in the long-term, access to the Internet ten to one hundred times 
faster than 4G. 

You will have sensors on glaciers, in forests or on the plumage of endangered birds. 
Thanks to the new applications that 5G will allow, you will be able to analyze everything in 
real-time. 
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Convinced, the Greens? They are persuaded that technology can be an opportunity. 
However, with 5G, we've put the cart before the horse. This debate is not at all mature, 
even in terms of scientific knowledge. And we get the impression that it's the operators 
who have the upper hand and not the state. 

 

It will go faster, it will consume more energy. 
In France, for example, the debate on the ecological usefulness of 5G is more lively 

than that of health. In a recent article published in the newspaper "Le Monde", the research 
group "Shift Project" - which advocates a decarbonised economy - launches the charge: 
"There is a consensus today that a 5G device consumes three times more energy than a 4G 
device." It must be recognized that more electricity will be required to power the new 
technology, but the mechanism needs to be explained; the deployment of 5G will 
significantly improve energy efficiency per transmitted data. However, as more data is 
transmitted, energy consumption will increase accordingly. 

That said, the mobile ringing traffic is already doubling every 12 to 18 months today, 
5G or not. However, critics of the technology don't stop there. They point to the hidden face 
of the iceberg: We will have to produce the autonomous cars, connected fridges and other 
intelligent tractors that 5G promises to replace other objects.  

It will take a lot of modern components to make it all work. The tractor will have to 
be replaced by another machine [16]. All this will have to be produced. However, this will 
not speed up the ordinary replacement cycle. On the other hand, in some less developed 
countries, the 5G will be able to take off with new-generation objects - which is an 
opportunity for the planet. The 5G will be able to support a multitude of objects connected 
simultaneously, but also home automation, drone camera, all these objects and many 
others will be able to connect to the 5G network at the same time, without risk of 
saturation. With 5G, multiple connected objects will be able to operate simultaneously with 
unprecedented performance. Performance that will give rise to innovations that will 
revolutionize our daily lives [17]. 

There is also a study on the socio-economic impact of 5G which says that by 2030 - 
thanks to the "Smart Workplace Solution" - it bring gains in millions of Euros, but what is 
the gain in terms of CO2? Studies are lacking. The energy savings and CO2 emission 
reductions made possible by 5G will far exceed the CO2 emission of the technology itself. 

 

It all will depend on the guidance structure 
The whole question is there: Will we use 5G first for better heating and to optimize 

our trips? Or soon to watch a tennis match in high definition on our new phone? A study by 
the University of Zurich published in 2017 provides the answers. According to the most 
optimistic scenario, the use of digital technology in Switzerland will be clearly beneficial to 
the environment by 2025. It will save - in other sectors - a little more than three times the 
greenhouse gas emissions that it will generate itself. 

In the pessimistic scenario, on the other hand, digital technology will weigh even 
more heavily on the planet than it does today and will emit four times more greenhouse 
gases than it will save. In reality - say the researchers - everything will depend on the way 
in which the technologies are applied and supervised and, above all, on the way in which 
the objects linked to they are consumed. 
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When we telework, we do not systematically reduce our CO2 emissions. That is the 
rebound effect. 
Why is digital technology helping to reduce CO2 emissions? Researchers at the 

University of Zurich explain it with simple examples: Teleworking means you don't have to 
use your car. ”Intelligent” logistics means that lorries do not have to travel empty. e-health 
avoids the need to physically go to the doctor, etc. 

However, if the gain to remain positive for the environment, the rebound effect still 
needs to be combated [18]. This is the whole question of how we are going to fill the 
vacuum - the time, energy, money - gained. For example, in the freight sector, researchers 
identify a major risk: Reducing costs through "intelligent" logistics could stimulate demand, 
ultimately leading to more CO2 emissions. If the telecommuting day makes free up time 
used to drive to a game of tennis, it's missed again. 

 

Beneficial applications 
With 5G there will be even more potentially beneficial applications. There is great 

potential in the field of buildings and workplaces. 5G is an excellent example of the 
rebound effect. It is a standard with energy efficiency aspects at its core. However, it is not 
done in the spirit of reducing our greenhouse gas emissions. It is designed to absorb 
additional consumption! One could imagine that the time saved thanks to the technology 
would be used to exchange, to cook rather than to order ready-made meals via an 
application [19]. However, as these positive aspects bring little money to the market, they 
are not promoted by industry or even by the state. 

 

Can 5G reduce CO2 emissions? 
The 5G was not designed to reduce CO2 emissions. Can 5G ultimately reduce CO2 

emissions? The answer is probably no, although the future can never be predicted. The 5G 
technology itself was not designed to do this, but to increase the amount of data 
transmitted and to enable a whole host of applications such as autonomous vehicles or 
even touch internet. 

It is precisely because it will encourage teleworking, e-banking and connected 
agriculture that some telephone operators claim that 5G is good for the environment; this is 
a priori. In reality, we do not know. However, we do know that so far there has been no 
reduction in greenhouse gas emissions linked to the use of digital technology. However, 4G 
already makes it possible to do teleworking and a lot of things compared to 3G. However, it 
has not substantially reduced pollution in other sectors, although we have been very much 
in favour of it. This can be explained by a number of phenomena such as indirect and 
rebound effects, and above all by the fact that our economic model has remained 
unchanged. Reasonably, it is not conceivable that 5G by itself will lead to a significant 
reduction in greenhouse gas emissions without further action. 

 

Conclusions 
Guilty for this are both 5G and the way we could use it. While the economy wants to 

develop 5G because it will bring new applications, new objects and concepts to the market 
and it will promote growth. However, it is not immaterial growth. Then, there will be 
marketing and lobbying to push the use of these objects. However, the citizen today, with a 
few exceptions, is not in strong demand for 5G. There is resistance to its implementation 
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among the populations because people are not fooled. There have been no 5G safety 
studies into short or long-term 5G health effects; the health effects of 5G are untested. 

The deployment of 5G UDN in the practical cases will be faced with many 
challenges. In the UDNs, typical problems include interference, limited energy, backhaul, 
cost, and handover, spectrum reuse, and limited infrastructure resources. The essential 
reasons for almost all the problems are the scarcity and uneven distribution of the resource 
with respect to the traffic. Different alternatives have been proposed to solve these 
challenges, for example network slicing is introduced as a method for optimizing resources 
in 5G networks. However, due to the increasing network coordination and and management 
complexity among multiple network tiers, the nodes of the network will have to be capable 
of self-organization, for example autonomous interference minimization, load balancing, 
power adaptation, and spectrum allocation. Therefore, there is still a need for a better 
mechanism for addressing challenges to be designed. 

When we discuss global warming, we point the finger at airplanes, at consumption, 
but never at digital - because it is less visible and more complex. However, recent estimates 
say that the digital generates more greenhouse gases than civil aviation. Some say that 
more people are using digital - which is true. However, it is also a sector that is growing 
faster than aviation: 8…9% a year! And even though renewable energies are developing, 
metals are not being extracted using solar panels. 

A significant advantage is "Network Slicing", while applications compete in the 4G 
network, virtual networks with different requirements can be implemented on the same 
infrastructure with 5G. The deployment of 5G clearly opens the door to an even more 
connected future, a domotized environment with artificial intelligence, and 100% 
autonomous cars. With performances far superior to those of today's networks, 5G will 
change our daily lives thanks to the development of new uses and new functionalities. 5G 
creates huge business opportunities. 

With 5G, the field of possibilities of augmented reality (AR) will take on a whole new 
dimension: After entertainment with video games, it is culture, education, industry, but also 
medicine that will see its use unfold. The 5G is seen as a new industrial revolution, ready to 
revolutionize our daily lives. 

One cannot typically hear about 5G without hearing about some of the grave 
concerns about the safety and lack of testing of this technology. 5G may influence our 
body’s form and function. 5G is about building ten-lane highways and making local 
residents believe that they will cause no more inconvenience than a cantonal road. It is 
necessary to put safeguards in place. 
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Abstract. This article presents a potential solution to secure or ensure a better security level 
for the Software-Defined Networks (SDN) paradigm; by introducing the usage of blockchain 
technology in a different way than the Marconi protocol technology proposes. Most of the 
techniques and methodologies proposed by this research are to patch some security issue 
the SDN presents like the single point of failure, cause as SDN can provide solutions and 
flexibility for current computer networks; it could also promote some new security threats 
since it is still a relatively new technology. In this article those algorithms and 
methodologies are incorporated together as a full suite or a framework that can be applied 
as a network application for the software-defined network environment and could be 
implemented in the management or application plane which is the top layer in the 
architecture of the SDN as we will see later in this article. 

 

Keywords: application programming interface, control plane, centralization, east-westbound API, 
smart contracts, secure hash algorithm SHA 256. 

 

1. Introduction 
Software-defined networking is a new way of managing how computer networks 

behave, it gives more ability to manage the network nodes, facilitates policies enforcement, 
provides more speed in applying configurations on network nodes [1]. It has one point of 
controlling which is laying in the control plane represented by the controller which is the 
only brain for the network which provides flexibility and single point of administration   in 
the same time this situation from a security point of view this could be a single point of 
failure. So, as restriction of the control in the network by the control plane is a good 
security feature, it could also open new security challenges and here comes our research 
secure software-defined networks in order to assure the security of computer networks in 
general [2]. We propose a whole suite of algorithms and methodologies incorporated with 
each other in one framework called the Hydra, to help securing the control plane of the 
SDN represented by the controller or multiple controllers; one of the ideas for proposed for 
our research is to use blockchain for securing the connection between multiple controllers, 
since that SDN best features is the centralization and it is also one of the main security 
challenges in case if the centralization point was jeopardized. 

Blockchain is relatively a new technology that provides decentralization and could 
potentially affect every aspect of our lives in the future, it is fairly known for its biggest 

DOI: 10.5281/zenodo.4288305 

  CZU 004 

mailto:alisalmanhussein@yahoo.com


 A. Ameen 129 

Journal of Engineering Science  December, 2020, Vol. XXVII (4) 

participation in designing cryptocurrencies and implementing them in a relatively secure 
framework. In this article we try to show how it is nearly possible to implement and use 
blockchain-based technologies and methods to secure the east-west Application 
Programming Interface (API) connection which is the line of communication between SDN 
controllers; we can leverage hashing algorithms and store the data of configuration updates 
in blockchain-like sequence in order to protect the configuration updates from being 
tampered with by the attacker, in order to protect the topology of network from some 
famous attacks including Man In The Middle attack (MITM). 

 

Architecture of Software-defined networks: 
First we need to know a little about what structure SDN has, what issues does it have 

then, explain a bit about the proposed solutions to fix these bugs or problems. Software 
defined networking has a new way of managing the networks by mainly decoupling the 
control layer from the data layer that we working coherently in legacy network devices like 
switches where every switch has its own application specific integrated circuit ASIC brain 
and forwarding tables to direct and route network data packets so, SDN architecture will be 
divided into three main layers, the management or application plane, control plane and 
data plane; where management plane is represented by the network application that fulfills 
the required network policies by the system administrator where it provides a good level of 
abstraction. 

After that comes the control plane represented by the controller which serves as the 
network brain which connects to the management or application layer via an application 
programming interface API and fulfills the commands and configurations specified by the 
application plane then, as mentioned before comes the data plane or forwarding loop or 
layer which is connected to the control layer via an SDN protocol mostly using OpenFlow 
protocol, this layer is simply a forwarding element or elements like a switch but stripped off 
of its brain which becomes like a simple dumb network node where its sole role is to 
forward network packets based on the flow rules specified by the controller. Figure 1 shows 
the general structure of software-defined networks. 

 

 
Figure 1. Structure of Software-Defined Networks. 

 

Vulnerabilities of Software-Defined Networks: 
Despite that software-defined networking is itself a solution for network cyber 

security issues and network management obstacles etc. but this new approach is a new 
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technology challenge itself and poses some new security threats. This article talks about a 
part of our research which focuses on two main weakness points which are: 

• Centralization: now despite that centralization of SDN architecture is one of the main 
positive features of SDN and an advantage in SDN over the classical architecture in one 
hand but on the other hand it represents a potential threat itself in the same time by 
creating a single point of failure. Where we have a single controlling entity represented by 
the controller, whether it was software-based or hardware-based and as known the 
controller is responsible for managing the network so, any kind of attack or disruption that 
could stop the controller will have deep negative implications. 

• East-westbound API: in case of using multiple controllers in the network topology to 
solve the previous problem, there could be a connection between those multiple controllers 
and that communication channel is called the east-westbound application programming 
interface API and to the best of our knowledge, there is not much concentration on securing 
it, and it could be vulnerable to some cyber-attacks like Man In The Middle attack (MITM), 
Denial of Service (DoS) or Distributed Denial of Service (DDoS). In case of MITM where a 
perpetrator listens to the information exchanged in the channel and commits 
eavesdropping to steal delicate information or in case of DoS/DDoS attack that could stop 
or disrupt the communication channel which turns the called controller/ server that is 
getting requests or receiving information, unreachable. 

 

2. Proposed solutions 
To address the above issues, we proposed in our research a suite of algorithms and 

network specific controller topologies to in order to solve or mitigate the threats posed that 
could exploit the existing weakness points. Our suite is called the HYDRA since it has kind 
of hydra heads behavior where you cut one head and you have 2 others replacing it; our 
suite has 3 different types of SDN controller topologies where we have back controllers to 
replace the main controller or support each other in case if the controllers were working 
simultaneously. Those topologies implement specific algorithms used for assuring the 
security of connection between the controllers themselves. The main proposed algorithms 
are: 

2.1 HYDRA: this proposes method is the sum of all below mentioned methods and 
the result of their interoperability. Also, in this algorithm we propose a counter attack 
measurement where every single node in the software-defined network will be provided by 
the SDN controller with a botnet software; so that in case of any DoS/DDoS attack on any 
controller of the controllers’ topology, those controllers especially the none infected ones 
will be able to conduct a DDoS attack on the attacker based on the IP of the attacking 
source or sources then and only then our controllers will block that IP using any kind of 
blocking technique like Access Control List (ACL). 

2.2 VPN: which stands for Virtual Private Network, we propose to use a virtual 
private network technology to create a secure end-to-end channel between every two 
controllers in order to prevent any attempts of MITM attacks to jeopardize the east-
westbound API. 

2.3 Double RSA: The Rivest-Shamir-Adleman famous security algorithm known 
for its participation in the advancement of cryptography and securing connections can be 
used but in a double-sided way, where the party 1 uses PUblic Key 1 (PUK1) alongside 
PRivate Key 1 (PRK1) to encrypt a message then the party 2 uses (PUK1) alongside PRivate 
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Key 2 (PRK2) to decrypt the message then, if party 2 needed to send a message and become 
the sender, it will use the PUblic Key 2 (PUK2) which is totally different public key and 
PRivate Key 3 (PRK3) which is also different from PRK2 to encrypt the message required to 
be sent while part 1 which becomes a receiver this time; uses PUK2 and PRivate Key 4 
(PRK4) which is also different from PRK1 to decrypt the received message from party 2 or 
node 2. So, in other words we’ll have two secure channels between every 2 nodes and that 
means every node will have a secure channel one for sending an encrypted message and 
one for receiving a message that will be decrypted later in the other end of the channel, as 
shown in the figure 2 below. 

 

 

Figure 2. Double RSA algorithm & how it works. 
 

2.4 Blockchain: this article focuses on the usage of blockchain and the ability to 
incorporate this algorithm into the SDN concept for a more secure software-defined 
networks, since that blockchain has many advantages and it creates a revolutionary change 
in any field it’s used in. but, first let’s take a look to blockchain technology. 

A blockchain, originally block chain, is a ledgers’ list that can grow as much as 
needed, called blocks, that are linked using enciphering. Each block contains (an enciphered 
form of data that is called a hash) of the previous block, a transaction data and the time 
data referred to as the timestamp. 

By design, a blockchain is resistant to modification of the data. It is (an open, 
distributed ledger that can record transactions between two parties efficiently and in a 
verifiable and permanent way). For use as a record that can be distributed, a blockchain is 
usually administrated and run using the point-to-point or peer-to-peer network basis, 
complying with the inter-node communication protocol and validating new blocks. Once 
recorded, the data in any given block cannot be altered retroactively without alteration of 
all subsequent blocks, which needs consensus of the network majority. Although blockchain 
records are not unalterable, blockchains has a safe design methodology, structure and 
exemplify a high Byzantine fault tolerance-based distributed computing system. Therefore, 
Blockchain has the Decentralized consensus [3]. 

It is thought that Blockchain was developed or invented in 2008 by a person or more 
than one person that has the nickname or name Nakamoto to be used as a public 
transaction record for the cryptocurrency named bitcoin which is a one of many types of 
this new emerging technology and that is a virtual currency in the virtual world of internet, 
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which could be the future way of conducting monetary transactions and deals. But, Satoshi 
Nakamoto is unknown. The creation of the blockchain for bitcoin helped to make it as the 
first digital currency that can solve some prominent issues like the double-spending issue 
with no need for a central managing or controlling or monitoring entity, trusted authority or 
party. The bitcoin design has inspired other fields of technology, applications, and 
blockchains which are readable by the public and usually used as the basis for this virtual 
enciphered coins named cryptocurrencies. 

Blockchain is a promising technology and works as mentioned before as a public 
ledger which works like a log by keeping a record of all transactions in a chronological 
order, secured by an appropriate consensus mechanism and providing an immutable record 
[4] so, we can say that the blockchain is a decentralized ledger of all transactions across a 
peer-to-peer network. Using this technology, participants can confirm transactions without 
the need for a central certifying authority. 

 

Usage fields: 
The Blockchain technology could be incorporated with multiple areas or integrated 

into other diverse fields of technology. Nowadays the blockchains are mainly used as a 
distributed ledger for cryptocurrencies, and bitcoin can be considered as the most notable 
example. 

• Cryptocurrencies 
Usually most of cryptocurrencies leverage the blockchain technology for transactions 

recording. Some of the examples of that are the networks of Ethereum and Bitcoin where 
they are both based on the blockchain.  

• Financial services 
Nowadays many aspects and fields of the financial and banking establishments are 

conducting banking operations using distributable lists of records that can grow. The Banks 
are showing a great deal of interest in this technology due to its ability to make the 
settlement systems of the back office work faster. 

• Smart contracts 
A smart contract can be considered as a protocol procedure within a computer 

program that conducts operations intended for digitally verifying facilitating, or enforce the 
performance or the negotiation of a deal that could be between two parties like a contract. 
Smart contracts allow the performance of credible transactions without third parties. These 
transactions are trackable and irreversible [5]. The smart-contracts that work on the basis of 
blockchain could be executed or implemented partially or fully or could be implemented 
without any human intervention or interaction. The smart contract has many objectives 
including automated escrow. 

• Supply chain 
There are many attempts and efforts working continuously to employ blockchains in 

the strategic planning of chain of supply and supply chain management industry. supply 
chain is just a system or a line of anything related to moving a thing, developing a step or a 
service, a product or any merchandise whether it was an organization, people, activity, 
resources or information from the manufacturer to the end user. The activities of supply 
chain might need the transformation of some raw resources, natural elements, materials or 
components into another new state as the last prepared product that is ready to be 
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delivered and consumed by the consumer. one of the main clients of tracking service 
delivered by IBM and based on blockchain technology is the Everledger. 

• Some other usage fields 
There are many other various ways and fields that could leverage Blockchain 

technology as the basis of their performance for example it could be used for creating a 
public, transparent, permanent ledger system for tracking digital use and payments sent to 
content creators, compiling data on the sales. Nowadays there are new distribution 
methods that exist and used by the industry of insurance like microinsurance. As mentioned 
before blockchains could be integrated and incorporated with many other fields because it’s 
a promising technology that’s why we have to notice its effect on the IoT technology. Also, 
another application of blockchain is its application in online voting. 

 

Block chains’ types: 
There are 4 known categories of blockchain networks and they’re: Hybrid 

blockchains, private blockchains, public blockchains, and consortium blockchains. 
• Hybrid blockchains 

As stated from its name the hybrid blockchain is simply a combination of both public 
and private blockchains’ characteristics. One of the main features of this type is that it 
permits users of the blockchain APIs to decide what information remains private and what 
information becomes public. Figure 3 shows a depiction of the general idea and how the 
structure of blockchain looks like. 

• Private blockchains 
The private blockchain obviously has an access permission. That’s why, if someone 

wants to join it he has to get access by invitation from the network administrators. So, both 
the participant and validator access is restricted. 

• Public blockchains 
As mentioned before public blockchain has no restrictions of access which means 

that anyone with just an internet connection may participate in the transaction process or 
be a validator which of course means he becomes a part of the consensus protocol 
execution. Now usually such networks offer some kind of economic incentive for those who 
add or provide a better security for it and leverage any of the existing proof of work or proof 
of stake algorithms. As known to many people one of the biggest public blockchains 
examples is the public bitcoin blockchain. Not to forget to mention that Proof Of Work 
(PoW) itself is a defense measurement against some cyber-attacks like denial of service 
attacks and other abuses of service like spams sent to a network conducted by submerging 
it with requests of some services by the requester of the service, which usually means 
costing a computer a processing time. But, consensus based on PoW is vulnerable to 51%” 
attacks, a 51% attack may occur when a single miner node, which happens to have 
exceptionally more computational resources than the rest of the network nodes, dominates 
the verification and approval of transactions and controls the content of a blockchain [6].  
So, it is possible to say that proof of work some kind of an implementation of consensus 
algorithm which is the process of having nodes accept a new version of the records list [7] 
and proof of stake can be considered as another type of consensus algorithm that allows a 
network of a blockchain to conduct distributed consensus. In Proof Of Stake (PoS)-based 
cryptocurrencies the issuer of the next block is chosen using various combinations of 
random selection and wealth or age (i.e., the stake). Unlike the cryptocurrencies that use 
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PoW like bitcoin which leverages the mining strategy; which is, an intensive puzzle that 
requires the nodes to solve it computationally to validate transactions and create new 
blocks [8]. 

• Consortium Blockchain 
To understand and get a better comprehension about consortium blockchains it is 

better to compare it with public blockchain, public blockchain possesses no access 
restriction, which means that anyone with an internet connection can be a participant in a 
public blockchain. So, anyone in the world is capable of reading the data included in the 
blockchain, and is permitted to conduct or implement transactions on a public blockchain 
[9]. Also, there is no access restriction on the participation of blockchains’ consensus 
process, this process determines the entity or individual that can add a new block to the 
blockchain. Public blockchains are known as fully decentralized blockchains, and they have 
control over the blockchain for making it out of the hands or control of any single individual 
or entity.  

 

 

Figure 3. Blockchain Technology structure. 
While on the other hand consortium blockchains differ from their counterpart in the 

access or permission feature since they are permissioned, hence, not anyone who has an 
internet connection could gain access to the consortium blockchain.  

That’s why it’s possible to consider consortium blockchains as semi-decentralized. 
The control over the consortium blockchain is not granted or given to a single individual or 
entity, but to a group of approved individuals instead.  

The consensus process of the consortium blockchain is different usually from that of 
a public blockchain. Where we can see that participants of the consortium blockchain’s 
process are usually forming a group of pre-approved nodes in the network rather than 
making everyone allowed to participate in the procedure. That’s why, the consortium 
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blockchains inherited security features from public blockchains, while providing a greater 
degree of network control as well. 

 

Practice: 
To the best of our knowledge despite the existence of the proposed Marconi 

protocol, blockchain is not regularly used to secure software-defined network 
communications yet and its usage could be of a great deal of advantage to the cyber 
security field [10]. 

Blockchain can track information and store data in a chronological fashion and if 
there’s a change in the data stored, its block will not be tampered with or changed but a 
new block will be created instead, containing information about the adjusted or changed 
data for example adding a new block which states that x changed to y.  
before a block gets added to the chain of block a few things must happen: 

• A cryptographic puzzle must be solved and that will create the block. 
• Proof-of-work, which is the process of sharing the solution of the puzzle by the 

computer that solved it with all the nodes of the network. 
• Then the network verifies this proof-of-work and if it was correct then, the newly 

created block will be added to the chain. 
Our framework will leverage blockchain by mining a special blockchain for the 

network environment and creating blocks of hashes. A hash is just a hexadecimal number 
created with a fixed length using a hash function like SHA 256 which is a one-way 
cryptography meaning that unlike usual two-way cryptography that can be encrypted and 
decrypted, the hashing can’t be decrypted. To verify if a block’s hash has the right value and 
the block can be added to the chain or not we set a limit or a target number that will be like 
the limit that the hash value should be less than and not to exceed it.  

Then we create a value that represents the difficulty but, what the difficulty value 
will do? We’ll subtract it from the target number which means that the bigger the difficulty 
number is the less target number we’ll have which means it will be harder for the 
computer/controller to calculate the block hash value since it has to be less than the target 
number and that means that the controller will take longer time to guess the right answer 
hence, it will create more hashes for a block because number of hashes represents the 
number of attempts done by the device to figure out the right block hash, and that is the 
meaning of the mining difficulty. Our proposed framework uses blockchain technology to 
create a secure channel in one of the following ways: 

• Creating blocks of hashes between each 2 controllers to authenticate and validate 
the connection channel between them.  

• We could use blockchain to start an authenticated session so, it will be only used at 
the beginning of a session which means it will not consume much resources and it will not 
be repeated along the session. 

• if we wanted a more robust but time and resources consuming approach we could 
add a hash in every packet  and incorporate it with the packet’s head information, which 
means using them along the session till the end of the session to verify the integrity of the 
packets and prevent them from being tampered with because in case of any attempt of 
injecting new information in the packet or adjustment or change in the packet’s head, it 
might require changing the information in the packet’s head where the hash info resides 
and that will change the hash info so, it will be detected as a packet that is tampered with 
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hence, it will not be accepted and dropped. this approach is also not feasible due to its 
heavy load on the network bandwidth and not to forget that it consumes the time and other 
network resources.  

• Another approach would be using blockchain as hashes for updates of configuration 
every 10 seconds. So, Blockchain could be leveraged for connection authentication. 

• For storing the data of updates in blockchain we mainly can store the configuration 
updates in a distributed network like InterPlanetary File System (IPFS) where the data will 
be stored on multiple distributed network nodes then will get the hash of that data and 
store it in the blockchain, once we need to retrieve the data, we get the hash from the 
blockchain which is guaranteed to be safe and tamper-proof and use it to restore the data 
from IPFS. 

• Since blockchain is an innovative type of database so, there’s a chance to use it for 
both recording and encryption. Every 10 seconds there will be an update of configuration 
broadcasted from the main controller to the backup one, regardless of the type of topology; 
the data sent from the main controller will be hashed and the data will be sent alongside 
with its hash so that the backup controller will be prepared to compare the hashes coming 
from the main controller next time and check for two things: 

1. if the next hashes fit the type of hashes it has or not. 
2. since any slight change in the data means new hash, if the main controller tried to 

change the data or update a data of a specific node again and it was with a different length 
or type of hashes, then it will be rejected by the backup controller after being compared 
with the previous blocks of hashes and the backup controller will be alerted of a breach in 
the main controller.  

3. Configuration updates have a timeline, for instance at hour 15:00 the ACL or 
access control list was used to block network 10.10.12.0, at hour 16:00 another network 
was added to the list let’s say 11.11.14.0; by using blockchain which is a distributed ledger 
that keeps the time order of information and data stored in it and prevents everybody from 
tampering with it, we can protect the data from being tampered with by the perpetrator 
who might try to change the time sequence of those configuration updates; even if he tried 
to insert a code to manipulate a block let’s say block of index 2 and that block contains 
information about blocking a specific network and changed it into granting access to that 
network, his new block will not match the chain because it will have different hash from the 
original one and it will have to have the hash of the previous block and of course, the 
previous hash contained in this new block is different from the original one since it’s a new 
block that has been tampered with and for those reasons and others, this new modified 
block will be considered as an invalid block so it will not be accepted by the chain. The 
configuration time period which is 10 seconds will force us to use the simplest aspect of 
blockchain cryptography in our proposed framework for that it's a short period of time 
which means that the difficulty will have to be not so high but effective in the same time, 
why not so high? Because our goal is to protect the network information from corruption 
and make the data tamper-proof not create high efficient cryptocurrencies because higher 
difficulty means more load on the network and higher consumption of its resources and 
that will make the network more DoS/DDoS attacks - prone which will take us back to 
where we started; because we have to make a balance between our needs of security and 
the load on the network nodes. So, in other words we can simply say that we’ll make a 
puzzle that nodes of the network, in our case the controllers will have to find its result in 
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order to validate one block in the chain which will contain the data of network 
configuration and that will be done to each block hence, we can say that each update of 
configuration will be a block in the blockchain of update flowing through the network 
structure. The puzzle is done by including the configuration information into the 
blockchains and that’s by adding a number to the data that the hash number resulting from 
mixing both the number and the data together will have a specific range of zeros and that 
is the difficulty we choose as per our needs in blockchain technology and that will make the 
node try guessing the right number by choosing different numbers randomly till finding the 
right number which won’t be so hard or so easy but it won’t take long for the reasons 
mentioned before but, it will be in 10 seconds or less than 10 seconds and we’ll program 
the app to wait for 10 seconds before sending the next update message even if the node 
was able to guess the right number and create a hash of a valid block in 2 or 5 seconds, so 
that it will be of a steady consistent pace; this number is called a “nonce”, which is a 
concatenation of number used once. In the case of bitcoin, the nonce is an integer between 
0 and 4,294,967,296; that kind of guessing will be the proof of work-like for our framework 
and that will make it hard to tamper with the data because if the attacker tried to add some 
blocks of data of his own, these blocks will have to have the right required number to be 
added to the data of network and passed to the hash function to create a specific hash 
number with starting specific number of zeros and that’s the real puzzle for network’s node 
and to make his block contain the hash of the previous block, all that has to be done in 
order for him to be able to add a valid block of data and tamper with the information stored 
in the chain; it will also require the perpetrator more time and create more obstacles in his 
way in order to manipulate the data mean while our framework and the already built-in 
techniques will detect him so fast maybe before he even can start guessing. Of course, this 
is merely for research purposes just to prove the ability to use blockchain technology to 
insure the security of the data flowing and broadcast messages of software-defined 
network. Finally, we can use the Marconi protocol to achieve some or all of our ideas but, 
what is Marconi protocol? It’s a new protocol specialized to help securing Ethernet-based 
networks using some blockchain-based technology by targeting layer 2 of the Open System 
Interconnection (OSI) model of networks which is the datalink layer and creating 
programmable packets, it allows developers to create and deploy intelligent, decentralized 
networking applications that can be run by nodes or end users. Blockchain projects, private 
institutions, and enterprises can utilize the network and the platform it's built on to manage 
their infrastructure and develop smart distributed networking and cybersecurity services. 
also, as an example of applications that could be developed by Marconi include Software-
Defined Networking (SDN), anti-malware and anti-virus protection, intrusion detection and 
prevention systems (IDS/IPS), Virtual Private Networks (VPN), Content Delivery Networks 
(CDN), and some new blockchain protocols. But there are some differences between our 
proposed framework and the Marconi protocol for instance, our framework works on 
Transport Layer Security TLS layer, since that it uses the RSA asymmetric cryptography 
algorithm and openflow SDN protocol that connects the controller with the switch and both 
of them work on that layer. also, our proposed framework works on the network layer since 
it uses the IPsec algorithm that is the basis of VPN technology which is used by the network 
layer while, Marconi uses datalink as its work environment so, our framework targets 
different layers and even if it might somehow work on datalink then, it will not be the only 
layer that it targets. Also, it uses smart contracts for defining how long the exchange of 
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data will be and how much data can be exchanged, and at what price of fuel while ours, 
could use smart contracts only for authentication of the connecting parties. Also, the 
network operators, individuals, and Internet Service Providers or for short (ISPs) can 
contribute by donating some of their assets like compute resources, bandwidth to the 
network. For that contribution the participants periodically gain network tokens known as 
marcos. a marco is just a name for the main measurement unit of the fuel consumed for 
network usage, computing and distributed networking, administration, and processing of 
smart contract; while our framework doesn’t do that, it is merely using an aspect of the 
blockchain technology and leveraging its cryptography for securing some of the information 
exchanged between the controlling nodes in the control plane of SDN. End users can utilize 
the Marconi network to access the internet or nearby compute power, either by procuring 
marcos or by mining them through operating a contributing node, while ours doesn’t have 
that and it doesn’t have that kind of complexity, these differences and others are 
differentiating our proposed framework from the Marconi protocol. 

• In the future we could develop this method into a new approach by sharing the 
blockchain across the whole network nodes including PCs, switches, routers etc.  

Our app could be developed in the future to serve deeper purposes and to have 
higher and better features, we could even make the time period of the configuration 
updates shorter or longer as per our needs. Of course these methods and approaches will be 
filtered in third chapter by the programming of the application that will implement the 
proposed framework and show more details about the limits of our methodology. Also, in 
the future some issues might emerge and have to be addressed like the running out 
numbers guessed to create valid blocks which means running out of blocks and that could 
be after a really long time; just like what will happen to bitcoin cryptocurrency in the 
future, where it is estimated that mining the available 21 million bitcoins will reach its 
maximum peak and end of course by the year 2140 so, getting back to our situation if this 
case will be faced by the network administrator then it is simply possible tweak some 
features in the blockchain created and distributed among the controllers of the software-
defined network, one of the features that could be changed is the difficulty which means 
that the nodes will create a totally new blockchain containing the rest of configuration 
updates. And that could mean restarting the app and getting back to work but, it won’t take 
a while and if needed it will be done after a long time as mentioned before. 

In a whole the general shape or form of the suite of algorithms applied in the 
framework will be like what is shown in the figure 4 below: 

 

 
Figure 4. The architecture of Hydra suite containing the proposed algorithms. 
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3. Conclusions 
This article gave a description for the general structure of the software-defined 

networks, with it came a simple explanation for the main weakness points from the 
research’s point of view and the proposed solutions to address these issue comes 
afterwards. Then, comes after that an explanation of the integration of all the proposed 
solutions into one suite or a framework named HYDRA. This article focuses mainly on one 
of the suggested algorithms which is already used in other technologies like 
cryptocurrencies and also in a less way in networking but not as it is proposed here in the 
article and this technology or algorithm is the blockchain which is already getting more and 
more attention in different fields of technology due to its conceptual ability to provide a 
better level of security to any field it’s integrated with. In the bottom line we can get the 
following results: 

• Software-defined network is a great technology that can solve some security issues 
but poses some other ones in the same time. 

• There is a need to suggest a solution for those issues and that’s done by proposing a 
whole suite of network controllers’ topologies and algorithms that can help solve or at least 
mitigate some security issues like MITM, DoS/DDoS attacks that might disrupt the east-
westbound API or exploit the centralization of SDN structure. 

• Blockchain is another great technology that can be incorporated with any exiting 
technology to push it further into a better situation. 

• We have proposed to use blockchain for encrypting the configuration updates 
between multiple controllers in the SDN environment to secure them from being tampered 
with. 
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Abstract. This article reveals the influence of the conceptual directions of development 
within world architecture on the active creative processes of modernist and postmodern 
orientations, which have taken place in Moldovan architecture. Particular attention is paid 
to the architecture of administrative buildings built in the period after the declaration of 
the sovereignty and independence of Moldova in the early 1990s. The general problem of 
the dissonance of the architecture of modern business and office centers with the historical 
buildings of the Chisinau city is revealed. This problem was reflected in the image of the 
capital in the form of an antagonistic contradiction between the usual "old" and unexpected 
"new" architecture. As a result of the analysis, it is shown that the architecture of modern 
administrative buildings in Chisinau demonstrates examples of revolutionary solution of 
compositional and artistic tasks and reflects the polystylism of the development of world 
architecture in such directions as: minimalism, high-tech, deconstructivism, etc. 

 

Keywords: buildings, architectural form, business center, compositional techniques, 
deconstructivism, modernism, Moldovan architecture, office buildings, 
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 Introduction 
 The appearance in the development of Chisinau city a large number of business 
buildings in recent decades demonstrates the variety of compositional techniques and 
architectural styles, reflecting trends diversity of the world architecture. In parallel with the 
new construction, the existing administrative buildings, built over a hundred years ago, in 
need of modernization, get a modern look simultaneously with functional renovation, Social 
and economic transformations in society, new stylistic directions in the development of 
world architecture, as well as achievements in the field of building science and technology 
in recent decades, have generated the need to revise the previous architectural strategy of 
the city of Chisinau. The current practice reflects the lack of a holistic approach to 
architectural and compositional design techniques of office buildings. To assess the current 
situation, it was necessary to analyze it. for to identify the main directions of the 
development of the architecture of administrative buildings in Chisinau in the context of 
the development of world architecture. 
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Post Second World War until 1980 
On the background of the general picture of the development of world architecture, 

architecture in Moldova, as in other countries of the former USSR, due to well-known 
historical and socio-political reasons, developed with great delays.  

The avant-garde architecture of the twentieth century had little impact on the 
architectural creativity of the Moldovan architects of Bessarabia in the period of 1920-
1930s [1 - 3]. The emergence of modernist architecture in Chisinau happened much later, as 
well as throughout the USSR. 

In the 1940s post-war years, the architecture of the city's administrative buildings is 
based on the classical compositional techniques of the style of socialist realism, which have 
become mandatory for any new construction, regardless of the typological features and 
differences (buildings of various ministries of the MSSR) [4].  

This is in contrast with developments in other parts of the globe notably Britain, at 
the time the seat of the British Empire, whereby its architecture was still rooted in 
Classicism. In the mid-fifties, the architecture of Soviet neoclassicism was criticized "for the 
one-sidedness of the interpretation of the problems of architecture, which led to an 
uncritical passion for heritage, for the transformation of architecture into decorative art, 
decoration of buildings for any purpose, excessive monumentality, splendor and pathos of 
architectural structures" [5]. 

Despite the enormous scale of the construction of administrative buildings in the city 
and the emergence of new architectural and planning principles, the architecture of 
management buildings demonstrated increased interest only to the external design of 
buildings, the lack of reflection of the functional essence of buildings, excessive 
archaization, decorativeness and overload of the image. After the abandonment of the 
"development of heritage", the architecture of the late 1950s was in search of ways of 
further development [6]. 

Since the beginning of the 1960s, a full-scale construction of administrative 
buildings began in Chisinau under the influence of modernist architecture, which received 
worldwide recognition [7].  

This period is characterized by changes in volume-plastic preferences towards 
laconic geometric forms, minimalism in decor and the formation of a new language of 
expressiveness of architectural stylistics (House of Press - today ÎS Casa presei, 1967, 
architects S. Shoikhet, B. Weisbein, Figure 1) [6]. 

The rationalistic line of architecture development was based on the understanding of 
solidarity need in solving functional, technical, socio-economic, ideological and artistic 
reasons. These parameters characterized architecture elsewhere. For example, London`s 
buildings, which illustrate the architecture of this period, are based on a geocultural 
context dominated by the city's iconic limestone, namely the Portland stone (Shell Centre, 
1962, architect Sir Howard Robertson; Economist Building, 1964, architects P. Smithson and 
A. Smithson) [8]. This was a period where, for political reasons dating to post Russian 
Revolution, where socialist realism was not on the agenda in the West.  

Indeed, Russian Constructivism was not even covered as a topic in history of 
architecture; interest and research in this movement gathered ground in 1960 and by two 
decades later it was a theme covered of academic standing worthy to for part of the 
education of architects, artists, historians of architecture and historians of art. 
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Figure 1. Press House, 1967. 
Figure 2. District executive committee, 

1969. 
 

The creation of new architectural forms was dictated primarily by standardization 
and typification in construction, caused by the need to save money and resources [6]. New 
principles of architecture of administrative buildings were approved, based on the rejection 
of historicism, simplicity of forms and the need to reflect in the image of a building its 
functional purpose and constructive solution (House of Technics - today House of Science 
and Technology, 1968, architect V. Zakharov). The consequence of this was the 
development of new urban and architectural planning techniques [9]. 

First of all, the rejection of the perimeter urban development led to the "free" 
arrangement of buildings in the space of the quarter and the possibility of perceiving its 
composition from different angles, which led to an increased attention to the aesthetic 
expressiveness of the entire volume of the building [10]. Secondly, the rational and more 
free solution of functional tasks was reflected in the volum-planning solution of the 
buildings in the form of allocation of premises of different functions into different 
architectural volumes (District executive committee building - today Buiucani sector Court, 
1969, architect B. Shpak, Figure 2). In addition to this, the beginnings of the spatial 
planning system appeared, completely new for that time [5] (the State Bank of the MSSR - 
today the National Bank of the Republic of Moldova, 1973, architects B. Weissbein, S. 
Shoikhet, G. Kaluzhner, Figure 3). The solution of ideological, aesthetic and artistic 
problems without the use of decor corresponded to the principles of the rationalistic line of 
development of architecture. The reasons were different from the once in Britain, the 
intellectual heir of Augustus Welby Northmore Pugin’s approach to morality in architecture 
[11]. Artistic and compositional techniques of administrative buildings were based on the 
use of "clean" forms, new building structures, sun protection devices (grilles), as well as 
modern finishing materials at that time, such as glass, aluminum, plastic, etc. [12] (House of 
Communications and international telephone - today Moldtelecom, 1967, architect V. 
Dubok, Fig. 4). The monumentality and expressiveness of buildings reflecting the ideas of 
neorationalism was achieved due to the selected proportions of the buildings, the visual 
lightness of the wall, and the contrast of finishing materials. At the same time, the 
architecture of the administrative buildings of Chisinau with a modernist orientation had a 
number of faults in solving of architectural and artistic issues, the adoption of which was 
based on economic, functional and technical indicators, expressed in the monotony of 
compositional techniques, simplification of buildings aesthetics, stinginess of means of 
expressiveness and plasticity of facades. lack of color, as well as the low quality of 
construction and facing works [13] ("Moldgiprostroy" Design Institute - today the National 
Anti-Corruption Center, 1967, architects R. Kurtz, R. Bekesevich). 
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Figure 3. National Bank of RM, 1973. Figure 4. Moldtelecom, 1967. 

 

One of the main contradictions of this period was the stylistic and compositional 
confrontation between the “old” and “new” architecture, which appeared in the historical 
center of the city, in violation of previously adopted architectural and compositional 
principles. 

 

The advent of Postmodernism in Moldovan’s Capital 
Postmodernism, which replaced the monotony and sameness of modernism, 

manifested itself in the architecture of Chisinau in the 1970s [14]. At this time, the onset of 
crisis of ideas swung the “pendulum” of architecture development from rational 
determination, with excessive enthusiasm for typification and standardization in 
construction, to a decorative orientation in the search for new aesthetics and 
expressiveness [15]. Postmodernism began to consolidate its position in the late 1970s-
1980s, at a time when both architectural trends existed in parallel - one was fading away, 
the other was in a state of development.  

The search for new imagery and uniqueness of buildings has replaced the 
impoverished simplicity and stereotypes that have exhausted themselves [16]. This process 
was long and painful, as it was hampered by economic problems. 

Since the architectural community was engulfed in a new wave of rethinking the 
imagery and expressiveness of buildings, the architecture of this period traces the 
characteristic features of postmodernism, indicated by Charles Jenks: historicism, 
traditionalism and an attempt to appeal to local architecture [17]. 

 

  

Figure 5. Parliament of RM, 1976. 
Figure 6. Ministry of Foreign Affairs and 

European Integration of RM, 1977. 
 

For this purpose, the techniques of architectural and planning decisions of 
administrative buildings were improved [14]. Together with the free location on the site, 
the buildings received a composition of blocked volumes, reflecting the complicated 
scheme of functional zoning (the Central Committee of KPM - today Parliament of the 
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Republic of Moldova, 1974 - 1976, architect A. Cherdantsev, Figure 5). The selected 
planning schemes became more diverse, since in addition to the classical corridor system, 
hall and mixed planning system began to be used (House of Trade Unions, 1977, architect 
V. Kudinov). New materials and structures made it possible not only to increase the number 
of storeys, but also to apply new compositional and planning techniques, such as spatial 
structures, consoles, etc. (Chisinau City Committee of the KPM - today the Ministry of 
Foreign Affairs and European Integration of the Republic of Moldova, 1977, architect G. 
Solominov, Figure 6). Thus, the basis was formed for a new shaping in architecture. 

In the 1980s, in pursuit to proportionality and expressive imagery, the appearance of 
buildings underwent a number of changes. Thanks to the technology of construction of 
high-rise buildings in monolithic reinforced concrete, the geometry of architectural forms 
has received rounded corners and more plastic forms. A rational ratio of glazed and 
monolithic surfaces was found, reflecting the functional structure of the building (the 
Ministry of Communications of the MSSR - today Moldtelecom, 1983, architects V. 
Shalaginov, A. Kireev, N. Dorofeev, S. Mukhin). The sun-protection techniques and structures 
used in construction have become more diverse: ribs, gratings, balconies, overhanging of 
the upper floors, etc. (Publishing House - today the National Book Chamber of Moldova, 
1980, architects V. Zakharov, L. Hoffman). The architectural design of the buildings 
reflected the synthesis of arts: painting, sculpture, chasing, stone carving. This was done in 
opposition to the modernist aesthetics, which involved banning all ornament and 
decoration from architecture including exiling the use of masonry as a conveyor of 
historico-stylistic expression [18].  Wall decoration (painting, mosaics, bas-reliefs, etc.) was 
actively introduced. We can also note the use of such techniques as the contrast of 
materials, surface textures and colors [14]. 

All this together, obeying to the movement of “pendulum”, reflected the decorative 
line of the development of Moldovan architecture. But along with the successes, there were 
a number of flaws, such as insufficient expressiveness, primitive compositional techniques, 
poor attention to the environmental approach, as well as the low quality of construction 
work. In the 1990s, as a result of global socio-economic and political transformations in the 
country, Moldova, being in the period of profound changes, went through the hardest trials 
that affected all aspects of society. But at the same time, thanks to cardinal changes, 
architectural creativity gained greater freedom and was able to develop in line with the 
stylistic directions of world architecture. Initially, the problems of transforming of economic 
and production sector of the national economy inevitably affected the construction industry, 
slowing down the process of further development of architecture [19]. In the absence of 
large capital investments, the architectural practice directed its activity towards the 
reconstruction and modernization of the already existing obsolete administrative buildings, 
the aesthetics of which (mostly modernist) did not correspond to the level of development 
of modern architecture (KENTFORD Business Center - former KGSPI design institute, 1978, 
architect A. Shkarupa, Figure 7). This process was intensified, on the one hand, by the 
release of a number of buildings of organizations that had ceased their activities, on the 
other, by the need to create an architectural and spatial environment for the development 
of young Moldovan business. Subsequently, this led to the transformation of the image of a 
number of buildings, reorganized into office and business centers (VPTI Research Institute - 
today JSC - IPTEH Business Center, 1974, Figure 8). The trend of reorganization of obsolete 
buildings continues to develop to the present [20].  
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Figure 7. KENTFORD Business Center, 1978. Figure 8. JSC - IPTEH Business Center, 

1974. 
 

Chisinau at the turn of the millennium 
With new economic relations during the period of business formation, the role of the 

customer in the design process and its influence on architectural creativity has increased. 
With the growth of entrepreneurial activity and success in business, construction production 
intensified in the 2000s and, as a result, it became possible to implement new architectural 
ideas that reflected the stylistic directions of world architecture. Due to the presence of 
large investors in the city, a number of business centers of large private companies and 
office buildings that lease out space to small firms have appeared. But at the same time, 
this process also has negative consequences, consisting in the dependence of the level of 
architectural and artistic value of the work on the aesthetic taste and material well-being of 
the customer. [19]. 

Most of the new office buildings were built in a postmodern stylistic direction, 
although this often hides the freedom to combine forms of various styles based on high 
building technologies (Accent Electronic Business Center, 2007, architect G. Telpiz,  
Figure 9). Sometimes, the integrity of the architectural concept, its functional conditioning, 
the harmony of the volumetric-spatial solution, are replaced by expensive facing materials, 
unexpected color schemes and pretentious decor (Global Business Center - GBC, 2010). 

Historicism gradually acquired pronounced forms of stylization and citation of 
historical motives in emphatically modern compositions (the Russian Federation Embassy, 
1998, architect G. Zhinkin). Such buildings, as a rule, have an axial symmetrical composition 
and reproduce classical compositional techniques in modern forms (Moldindconbank CB, 
1995, architect V. Modyrka). In the same time, the construction of office buildings has 
become widespread, the architecture of which recreates one of the historical styles, 
outwardly similar to the restoration or reconstruction of a long-existing object (ASCOM 
Group Office Center, 2012, architect S. Garkonitsa) [20].  

Simultaneously, in the 2000s, many examples of modern business centers appeared 
in the city, which represented the latest stylistic trends in world architecture, such as: 
minimalism, high-tech, deconstructivism, etc. [21] Ideas of minimalism at the present time 
did not find a wide response in the architecture of the city, perhaps because they are 
associated with a period of total standardization and typification of construction, which had 
a negative impact on professional consciousness.  

Therefore, minimalist ideas related to the period of crisis of imagery and 
expressiveness of architecture are found in single works determined by a specific author's 
intention (Petrolbank CB - today EuroCreditBank CB). 
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Figure 9. Accent Electronic Business Center, 

2007. 
Figure 10. Unionfenosa office building, 

2000. 
 

The new age of information and modern technologies, which gave impetus to the 
emergence of new materials, structures and technologies, was reflected in the architecture 
of Chisinau with the appearance of high-tech buildings (Unionfenosa office building, 2000, 
architect I. Karpov, Figure 10). Despite the fact that examples of this stylistic trend 
appeared in foreign architecture two decades earlier [22], the construction of such 
structures in a city in Chisinau was often a complete surprise, causing controversy and 
conflicting opinions. The architectural composition of these buildings, based on the 
complex simplicity of the sculptural forms, manufacturability and antihistoricism, in 
accordance with the canons of high-tech, represents the success and prestige of the 
companies located in them (SKYTOWER International Business Center, 2007, architect G. 
Telpiz, Figure 11) [23]. 

Emotionally rich deconstructivism style, emphasized aggressive towards the 
surrounding urban environment, with excessively broken forms also entered the 
architecture of urban business buildings (SG Business Center, 2007, architect G. Telpiz, Fig. 
12). The architecture of such objects, based on asymmetry, sharp angles and triangular 
shapes, reflects the quintessence of this stylistic trend, which is widespread in the modern 
world (Le Roi International Business Center, 2008, architect G. Telpiz). These structures, in 
accordance with the chosen style, play the role of a challenge to the familiar reality, 
awakening delight and admiration in some spectators, while in others - complete rejection 
and alienation [19]. 

The appearance of buildings of this kind in Chisinau, entering into dissonance with 
the existing urban development, intensifies the antagonistic contradiction between the 
usual "old" and unexpected "new" architecture. This problem of an international scale that 
exists in other cities and countries, causing a lot of disagreements and contradictions, today 
does not have an unambiguous solution [24]. It requires an individual professional approach 
based on careful research to each specific situation, in each individual case. The solution to 
this difficult and at the same time vital task should be based on taking into account the 
entire palette of design aspects: urban planning, historical and cultural, legislative, 
typological, volumetric, spatial, ideological and artistic, etc. 

 

Trends in the development of city architecture 
The directions of architecture development of modern administrative buildings 

identified in the study can be formulated in the form of definitions that reflect the essence 
of compositional techniques and the architectural concept of its constituent objects: 
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Figure 11. SKYTOWER Business Center, 2007. Figure 12. SG Business Center, 2007. 

 

1. "Convergence" - reflects the process of " rapprochement and assimilation" of the 
architecture of new administrative buildings to historical styles, time-tested techniques, 
proportions and coloristics of historic buildings (Figure 13); 

2. "Reminiscence" - is the use in the design of new objects of architecture, individual 
elements or motives of previously known works, evoking a memory or representing an 
“implicit quote”, borrowed from the existing surrounding buildings (Figure 14); 

3. "Contradiction" - demonstrates the contrariety and conflict nature of the 
architectural and compositional techniques of new office and business centers, opposite in 
relation to the stylistics of existing buildings, declaring a denial of the historical context 
(Figure 15); 

The tendencies in the development of the architecture of administrative buildings 
indicated in this way reproduce the essence of the processes taking place today in 
architectural design, development and reconstruction of the city of Chisinau. They 
demonstrate the heterogeneity and diversity of approaches to the architectural and 
compositional solution of objects of the studied typological group. Each of the identified 
trends has a certain stylistic binding or preference, reflecting its character and essence [12]. 

 

    
Figure 13. "Convergence" - ASCOM Group Office Center, 2012. 

 

So, for example, “convergence” is manifested by assimilation to historical styles, 
relying primarily on the techniques of classical architecture or derivatives from it. Despite 
the fact that this direction has been tested by time, it does not reflect a modern view of 
architecture and rather performs the function of copying than creating something new and 
extraordinary. In addition, the architecture of "convergence" requires strict adherence to the 
canons and proportions of the imitated stylistic direction, which in practice are not fulfilled, 
and often deliberately violated. This approach is deservedly criticized by a number of 
modern Moldovan architects for the lack of a creative component, limited original searches, 
errors in observing the canons, and often for plagiarism. 
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Figure 14. " Reminiscence " - headquarters of the company LUKOIL-Moldova S.R.L 

 

"Reminiscence" is postmodern stylistics, winding the memory of the context or 
implicitly quoting it. This direction gives more opportunities for architects to show their 
own views on the architectural work they create, designed on the basis of analysis of 
existing context. Thus, the architecture of "reminiscence" is a manifestation of respectful 
attitude to the environment, an analytical approach to the design process, and professional 
solution of the assigned tasks. 

In turn, "contradiction" is inevitably associated with the modernist direction of such 
newest styles as high-tech, deconstructionism, pragmaticism, etc. This direction is the most 
attractive for modern Moldovan architects, as it creates the greatest opportunity for self-
expression and the search for a new form. At the same time, it is an area of maximum risk 
and increased responsibility of the architect when it comes to the construction of new 
objects in historical city center (Figure 15). 

 

   
Figure 15. "Contradiction" - Le Roi Business Center, 2008. 

 

Ultimately, we can say that the issue of the organic integration of new buildings into 
the surrounding space of the city is solved today by the choice of compositional and 
stylistic techniques from three approach options: "convergence", "reminiscence" or 
"contradiction".  

Thus, a competent and reasonable choice of the most suitable direction is a solution 
to one of the priority tasks of the modern architectural process, which consists in respect for 
the architectural context and the historical landscape [25 - 27].  

At the same time, we must not forget that the implementation of this task today is 
based on innovative solutions and contains elements of the architecture of the future, 
forming a diverse spectrum of trends in its development. 
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Conclusions  
At the beginning of the twenty-first century, against the background of global 

changes in society, science, culture and technology, architecture is in a position that defies 
clear definition.  

The difference in concepts and the inconsistency of the methods of stylistic 
directions make it difficult to unambiguously determine the current state and ways of 
developing architecture. At the same time, new scientific discoveries (fractal geometry, 
nonlinear dynamics, neocosmology, the theory of self-organization, etc.), which changed the 
human worldview, combined with computer technologies, turned the view to architecture, 
providing architects the unprecedented opportunities, directing them to find ways to 
develop architectural creativity [22]. 

In the context of world architecture, the following conclusions can be drawn with 
respect to the compositional techniques of modern architecture of Moldova’s Capital City: 

• The period following the declaration of sovereignty (23.06.1990 [28]) and 
independence of Moldova (27.08.1991 [29]) was a time of active creative searches of 
Moldovan architects, filled with socio-economic difficulties and contradictions; 

• The process of the formation of postmodern tendencies in the modern architecture 
of Chisinau has a constant but uneven character. The observed delay in this process is 
caused by a number of objective reasons. However, they are not able to stop this process. 
The natural transition from classical compositional techniques to modernist and 
postmodernist (traced with specific examples) reflects the development trends of world 
architecture; 

• Technical advances have become the source of appearance of new structures, 
finishing materials, engineering equipment in the Moldovan architecture. In the post-
industrial communication era that has come, the “architecture of high technologies” 
provides new opportunities for the architectural shaping of business buildings in Moldova 
using computer technology. 

The revealed artistic and compositional tendencies in the architecture of modern 
administrative buildings of the city of Chisinau, demonstrated that: 

• The task of preserving of historical environment, urban scale and the unique 
particularity of the city remains relevant [30]. At the same time, the architectural image of 
Chisinau cannot remain unchanged, acquiring a “frozen” form; 

• Currently, there are three conceptual approaches to the compositional solution of 
the architecture of administrative buildings with varying degrees of "novelty" of the 
techniques used: "convergence", "reminiscence" and "contradiction"; 

• Of the three identified trends in the development of modern administrative buildings 
of the city, the buildings belonging to the direction of "contradiction" represent the 
continuous development of the city's architecture, the search for a new beginning to its 
perception, reflecting the dynamics of the development of world architecture. 
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Abstract. This paper approaches the issue of water quality in river-type aquatic systems. It is 
discussed the importance of applying the mathematical and numerical models in order to 
assess the water quality and to predict different water pollution scenarios. It is presented an 
analysis of the field regarding the mathematical modeling of the spatio-temporal evolution 
of pollutants in river-type aquatic systems. As well, it is examined the water quality and are 
discussed the environmental issues regarding the pollution of the Dniester River. In the 
paper it is presented an analysis of the water samples taken from the Dniester River by the 
State Hydrometeorological Service, highlighting the pollutants that have exceeded the 
maximum permissible concentration on some sectors of the river. It is analyzed, as well as, 
the domain of mathematical models use for the calculation of the pollutant concentration 
area in the Dniester River and is proposed the development of the mathematical model 
based on the Navier-Stokes system of equations for the determination of hydrodynamic 
processes. In this paper it is also proposed a methodology for determining the spatio-
temporal evolution of pollutants based on mathematical modeling using the fundamental 
equation of advection-dispersion. 

 

Keywords: advection-dispersion equation, aquatic systems, mathematical modeling, 
mathematical modeling, Navier-Stokes equations, pollutants, the Dniester river. 

 

1. Introduction 
The issue of water protection and monitoring is actual as well as for national and 

international plan. The water quality in the country often does not correspond to national 
and international standards [1, 2]. The national legislative framework is continuously 
harmonized with the most important Council of Europe directives in the field of water 
resources [3, 4]. In most cases, water from rivers is used for human needs. The most 
important source of water supply for the population of the Republic of Moldova is the 
Dniester River, therefore its pollution poses a major risk to human health [5]. 

The use of mathematical and numerical modeling and then their implementation has 
become an important tool in the analysis of ecological systems by offering the possibility of 
exploring hypotheses that can not be easily tested in the field or during the laboratory experiments. 
The essence of the modeling method consists in replacing the real studied process by a 
more accessible model to be studied [6]. 
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The urgency of research to determine the pollution degree of the aquatic 
environment and to establish the means to combat the pollution is significant. So, the 
elaboration and development of mathematical models for determining the spatio-temporal 
evolution of pollutants in river-type aquatic systems is the basis of the proposed research. 

An effective tool in determining the spatio-temporal evolution of pollutants is the 
application of information systems. Choosing the right mathematical model and simulation 
program will significantly help to correctly assess water quality and prevent exceptional 
situations. Currently there are and are constantly developing the software techniques that 
are used for mathematical and numerical modeling of aquatic systems [7]. 

 

2. Problem statement  
2.1  Mathematical modeling of processes in the river-type aquatic systems 
Mathematical modeling is an isomorphic representation of reality, which, offering an 

intuitive and yet rigorous image, in the sense of logical structure, of the studied 
phenomenon, facilitates the discovery of connections and legalities that are impossible or 
very difficult to find in other ways. Mathematical modeling of pollutant transport processes 
is one of the possibilities to model certain pollutant transport processes that are actually 
either expensive to perform or are not economically viable. 

There is no universal procedure that can be applied for the mathematical modeling 
of aquatic systems. In order to use a specific model, it is necessary to formulate the 
conditions that must meet them. So, the first step is to formulate the purpose of the 
mathematical model that is necessary to be obtained. The first water quality control model 
was created in 1925 in the USA. The model in question was one-dimensional that checked 
the oxygen balance by simple linear equations. The level of simulation of the calculations 
can be adapted to specific needs, ie according to the type of aquatic system, pollution 
sources, environmental parameters. The simulation is based on the differential solution of 
the mass (volume) equilibrium as it is shown in formula (1). The simplified differential 
equation has the form: 

 

 𝜕
𝜕𝑡

(𝐴𝑐) = 𝜕
𝜕𝑥
�−𝑈𝑥𝐴𝑐 + 𝐸𝑥𝐴

𝜕𝑐
𝜕𝑥𝜕𝑡

�+ 𝐴(𝑆𝑙 + 𝑆𝑏) + 𝐴𝑆𝑘 (1) 
 

where:  
𝑐 - component concentration of water quality; 
𝑡 - simulation time; 
𝑈𝑥 - longitudinal advection speed; 
𝐸𝑥 - dispersion coefficient during water flow; 
𝑆𝑖 - direct and diffuse external contamination load; 
𝑆𝑏 - load changed between portions of the watercourse due to longitudinal dispersion; 
𝑆𝑘  - load of contamination caused by kinetic transformation.  
Most flow problems are solved using the continuity equation and the Navier-Stokes 
equations [8]. 
The equation of continuity of conservation of mass or transport is: 

 

 𝜕𝜌
𝜕𝑡

+ + 𝜕(𝜌𝑢)
𝜕𝑥

+ 𝜕(𝜌𝜈)
𝜕𝑦

+ 𝜕(𝜌𝑤)
𝜕𝑦

= 0 (2) 
 

Navier Stokes Equation is: 
 

 𝑑𝒱�⃗

𝑑𝑡
= 𝑓 − 1

𝜌
𝑔𝑟𝑎𝑑(𝑝) + 𝜈∆𝒱�⃗  (3) 
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Continuity equation for two-dimensional flow: 
 

 𝜕𝜌
𝜕𝑡

+ + 𝜕(𝜌𝑢)
𝜕𝑥

+ 𝜕(𝜌𝜈)
𝜕𝑦

= 0 (4) 
 

Using the equation (2), (3), and (4) can be deducted the Navier-Stokes equations for two-
dimensional flows (5): 

 

𝜕𝑢
𝜕𝑡

+ 𝑢
𝜕𝑢
𝜕𝑥

+ 𝑣
𝜕𝑢
𝜕𝑦

= 𝑓𝑥 −
1
𝜌
𝜕𝑝
𝜕𝑥

+ 𝑣 �
𝜕2𝑢
𝜕𝑥2

+
𝜕2𝑢
𝜕𝑦2

� 
 

 𝜕𝑣
𝜕𝑡

+ 𝑢 𝜕𝑣
𝜕𝑥

+ 𝑣 𝜕𝑣
𝜕𝑦

= 𝑓𝑥 −
1
𝜌
𝜕𝑝
𝜕𝑦

+ 𝑣 �𝜕
2𝑣

𝜕𝑥2
+ 𝜕2𝑣

𝜕𝑦2
� (5) 

 

Mathematical models based on the study of quality allow monitoring the quality of 
aquatic resources and their improvement from an ecological and chemical point of view. 
The key element in water quality protection is the development of the model for a specific 
period of time using the analysis of the pollution process (of certain pollutants), knowledge 
of emission data, flows and other mandatory coefficients to achieve the mathematical 
model as close as possible to real situations. Given that flow rates and concentrations vary 
visibly over a year, the following equations (6), (7), (8) can be used to determine average 
annual concentrations and annual immissions (annual loads) from point sources [9]: 

 

 𝐴𝑛𝑛𝑢𝑎𝑙 𝑙𝑜𝑎𝑑𝑠(𝑡 𝑦𝑒𝑎𝑟⁄ ) = 𝐶̅𝑥(𝑚𝑔 𝑙⁄ ) ∗ 𝑄𝑦𝑒𝑎𝑟(𝑚3 𝑠⁄ ) ∗ 31,5 (6) 
 

 𝐶̅𝑥 = ∑ 𝐶𝑥𝑖𝑄𝑖𝑛
𝑖=1
∑ 𝑄𝑖𝑛
𝑖=1

 (7) 
 

 𝑄𝑦𝑒𝑎𝑟 = 1
𝑑𝑎𝑦𝑠(𝑦𝑒𝑎𝑟)

∗ ∑ 𝑄𝑖
𝑑𝑎𝑦𝑠(𝑦𝑒𝑎𝑟)
𝑖=1  (8) 

 

where:  
𝑄𝑦𝑒𝑎𝑟 - average annual flow;  
𝑄𝑖 - average daily flow;  
𝐶𝑥𝑖 - instantaneous concentration of the chemical indicator x; 
𝐶̅𝑥 - the average annual concentration of the indicator x; 
𝑛  - number of analyzes per year;  
31,5 – transformation constant. 

To assess the environmental impact of Damodar River water pollution in Jharkhand 
(India), have been developed mathematical models that play a major role in predicting the 
level of pollution in the considered regions. When developing different mathematical 
models, several important factors are taken into account in the evolution of water 
contamination with pollutants.  

An important factor in the qualitative assessment of water is the calculation of the 
contaminants’ transport. The formula (9) for a single chemical element is: 

 

 
( )( ). . , . sS QC D C x t V C C

t vol
ω ωρβ∂  + =∇ ∇ − ∇ − Λ − ∂ ∈ ∈   

(9) 

While the description of the contaminant’s transport requires the solution of the equation 
for the transport of saturated water (10) and the convection-dispersion-reaction equation 
for the transport of the contaminant through porous media [10], according the equation 
(11): 

 

 
( ). . .sc s

f
S QR D C V C

vol
∂

=∇ ∇ − ∇ − Λ −
∈ ∈  

(10) 



154 R. Branişte, G. Marusic  

Journal of Engineering Science  December, 2020, Vol. XXVII (4) 

 
1f

KR ωρβ
= +

∈  
(11) 

 

For monitoring the water quality of the river Una (Brazil) was used the QUAL-UFMG 
model, which is widely used in Brazil to simulate scenarios and predict water quality.  It is a 
one-dimensional model and among the basic parameters that were used to assess the 
quality of aquatic resources were the dissolved oxygen and biochemical oxygen 
consumption. To model of dissolved oxygen and the biochemical oxygen consumption in 
watercourses, the equation below (12) is used to calculate the weighted average of the 
concentrations with the aggregate element flows. It is observed that the C0 value is 
obtained by a weighted average of the flows, dissolved oxygen and biochemical oxygen 
consumption [11]. 

 

 𝐶0 = 𝑄𝑟× 𝐶𝑟+𝑄𝑟× 𝐶𝑒
𝑄𝑟+𝑄𝑒 

 (12) 
 

where:  
𝐶0 - (dissolved oxygen or biochemical oxygen consumption) is the concentration of the 
mixture; 
𝐶𝑟  - is the concentration in the river upstream of the mixing point; 
𝐶𝑒 - is the concentration in the flow channel upstream of the mixing point; 
𝑄𝑟 and 𝑄𝑒 - are the flows of the river and the flow channel. 

Mathematical models for the transport of pollutants in semi-infinite aquifers are 
based on the advection-dispersion equation and its variants. 

The advection-diffusion mechanism can be described by a series of mathematical 
equations. These equations use the advection-scattering equation that incorporates 
scattering and velocity that are time-dependent and space-time-dependent source and 
flow, expressed by a single function [12]. The representation of the advection-diffusion 
mechanism of the concentration of pollutants flowing in one direction can be described by 
equation (13): 

 

 𝜕𝐶
𝜕𝑡

= −𝜕(𝑢𝐶)
𝜕𝑥

+ 𝐷𝑚𝑥
𝜕2𝐶
𝜕𝑥2

 (13) 
 

where: 
𝐶 - oxygen consumption concentration; 
𝑢 - flow velocity; 
𝐷𝑚𝑥 - one-way diffusion coefficient. 

The problem of mathematical modeling of water pollution is very complex. because 
the objective function is not explicitly defined in terms of direct control. Therefore, it is 
necessary to solve constraint-governing equations that are also complex, because we 
couple the model that describes the dissolution of pollutants with the Navier-Stokes 
equations. To overcome these difficulties we can use the Gelfand triplet and the theory of 
differential solutions to transform partial differential equations into ordinary differential 
equations [13]. There are many processes that influence water quality. They can be divided 
into transport processes that similarly affect all water quality parameters and 
transformation processes. 

Taken into consideration the fact that the rivers are much longer than large in width 
and the pollutants at the discharge are rapidly dispersed in the riverbed, so a one-
dimensional approach would often be justified. 
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In this case only the longitudinal variations of the constituent concentrations are 
solved in the form of mean values of the cross section. The general conservation of mass 
equation is averaged over the cross-section of the flow, for constituents subjected to a 
single first-order decay process [14] accoring the equation (14): 

 

 𝜕𝐶
𝜕𝑡

= −𝑢 𝜕𝐶
𝜕𝑥

+ 𝜕
𝜕𝑥
�(𝐷𝑥 + 𝐷𝐿) 𝜕𝐶

𝜕𝑥
�+ 𝐾𝐶 + Σ𝐼 (14) 

 

where: 
𝒳  - is the longitudional lenagth of the river 𝐿; 

𝐷𝐿  - is the longitudinal coefficient of dispersion, 𝐿
2
𝑇� . 

The dispersion in natural currents is mainly due to variations in lateral velocity, and the 
following formula (15) can be used to estimate the coefficient: 

 

 𝐷𝐿 = 0.011 𝑢2𝐵2

𝐻𝑢∗
 (15) 

 

where: 

𝐷𝐿  - is the longitudinal coefficient of dispersion, 𝐿
2
𝑇� ; 

𝑢 - average cross section velocity 𝐿 𝑇� ; 
𝐵 - flow width, 𝐿; 
𝐻 - flow depth, 𝐿; 
𝑢∗= shear velocity; 
𝐿
𝑇� = �𝑔𝐻𝑠 ; 

𝑔 - acceleration due to gravity; 
𝐿2

𝑇�  and 𝑠 - downhill flow, 𝐿 𝐿� .  

But the concentration of pollutant in the river is governed by an equation of diffusion of 
equilibrium advection in a horizontal dimension as in the ecuation below (16): 

 

 𝐷 𝑑2𝐶
𝑑𝑥2

− 𝑢 𝑑𝐶
𝑑𝑥
− 𝑘𝐶 = 0 (16) 

 

where: 
𝐷, 𝑢 and 𝑘 are the dispersion coefficients, the river velocity and the decomposition rate of 
the pollutants.  
If the constant source of the pollutant is 𝑄 𝑎𝑡 𝑥 = 0, then the solution of the given equation 
can be written as in formulas (17) and (18): 

 

 𝐶1(𝑥 ≥ 0) = 𝐴 𝑒𝑥𝑝(−𝑚1𝑥) (17) 
 

 𝐶2(𝑥 ≤ 0) = 𝐵 exp (𝑚2𝑥) (18) 
where 𝐴 and 𝐵 are constants, and as it is shown in the formula (19) 𝑚1 and 𝑚2 are: 

 

 𝑚1,2 = 𝑢
2𝐷
�1 ± �1 + 4𝑘𝑣/𝐷2� (19) 

 

𝐴 and 𝐵 can be obtained if the following conditions: 
 𝐶1(0) = 𝐶2(0) (20) 

 

 ∫ 𝐶(𝑥)𝑑𝑥 = 𝑄∞
−∞  (21) 
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From the first condition it comes 𝐴 = 𝐵, and from the second condition: 𝐴 = 𝑘𝑄
𝑢�1+4𝑘𝑢/𝐷2

 

So, according to the formulas (20) and (21) the solution of the equation of defusion of 
advection in the state of horizontal equilibrium it is obtained the formulas (22) and (23): 

 

 𝐶1(𝑥 ≥ 0) = 𝑘𝑄
𝑢�1+4𝑘𝑢/𝐷2

𝑒𝑥𝑝 �− 𝑢𝑥
2𝐷
��1 + 4𝑘𝑣/𝐷2�� (22) 

 

 𝐶1(𝑥 ≤ 0) = 𝑘𝑄
𝑢�1+4𝑘𝑢/𝐷2

𝑒𝑥𝑝 �𝑢𝑥
2𝐷
��1 − 4𝑘𝑣/𝐷2�� (23) 

 

Thus, the constant dispersion can be determined for given values of the source, 
velocity, diffusion coefficient and the first condition is 𝐴 = 𝐵, and the second condition is 
the decomposition rate. If the source 𝑄(𝑡) is time dependent then the equation (16) can be 
written as follows in the equation below (24):  

 

 𝐷 𝑑2𝐶
𝑑𝑥2

− 𝑢 𝑑𝐶
𝑑𝑥
− 𝑘𝐶 = 𝜕𝐶

𝜕𝑡
 (24) 

 

The following conditions are indicated in the formulas (25) and are required to solve it: 
 

𝐶(𝑥, 0) = 𝐶0 
 

 𝐶(0, 𝑡) = 𝐶𝑠 (25) 
 

𝐶(±∞, 𝑡) = 0 
 

The analytical solution of the distribution of the pollutant concentration is given by 
the equation: 

 

 𝐶(𝑥, 𝑡) = 𝐶0 + (𝐶𝑠−𝐶0)
2

�𝑒𝑟𝑓𝑐 �𝑥−𝑢𝑡
√4𝐷

�+ 𝑒𝑥𝑝 �− 𝑢𝑥
𝐷
� 𝑒𝑟𝑓𝑐 �𝑥+𝑢𝑡

√4𝐷
�� (26) 

 

2.2 The current state of water quality in the Dniester river 
The Dniester River is a very important drinking water artery for both the Republic of 

Moldova and Ukraine, and the fact that it flows into the Black Sea shows that the pollution 
of the Dniester can have a negative impact both locally and internationally. The problem of 
developing mathematical models for determining the transport processes of pollutants in 
the Dniester River is stringent for both national and international significance. 

At present there are many environmental problems in the aquatic system of the 
Dniester River, in particular: 

a) pollution with organic substances from untreated wastewater discharges, 
b) nutrient pollution; 
c) pollution with priority substances, which include organic micro-pollutants, heavy 

metals, along with pesticides, which cause problems even in low concentrations; 
d) hydromorphological alterations, which include the change of the natural course of 

the river, the disconnection of wetlands, the change of the hydrological regime of the river, 
the deterioration of the aquatic biological diversity, all having a considerable impact on the 
aquatic environment; 

e) groundwater pollution as a result of irresponsible management, non-compliance 
with the requirements, which is manifested by the lack of reconditioning works of 
protection areas and the abandonment of unsealed artesian wells and their direct exposure 
to pollution risk. The mentioned problems strongly affect both the aquatic flora and fauna, 
as well as the state of the waters as a whole. 
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The quality of water resources and aquatic biological resources of the Dniester River 
are largely affected by the activity of the Dniester Hydropower Complex, which has a 
negative impact throughout the Dniester River downstream of the Hydroelectric Power 
Plant (HEPP) by reducing water flow by almost 2/3, by changing the thermal regime of the 
water in the cross-border part of the Dniester river, below HEPP-2 (Naslavcea dam); the 
structural state of the river, marked by the grassing of the riverbed, which is an indicator of 
its gradual transformation into a swamp; worsening living conditions for pollution-sensitive 
macroinvertebrates, which is an indicator of worsening river water quality; extinction of 
precious fish species, etc [15].  

According to the results of the water quality assessment, it was found that water 
from the Dniester can be attributed to quality class III, while all tributaries are highly 
polluted and have quality class V. This indicates that only water from the Dniester river can 
be used in food, in irrigation and recreation purposes, and the water from the tributaries of 
the Dniester river can be used only for purposes of transport and generation of electricity, 
except for the Raut river. The current monitoring system for surface water pollution sources, 
which operates at the branch level, covers only sources from the activities of primary water 
users due to insufficient wastewater treatment or their discharge from untreated sewage 
systems. As a result of the fact that the surface water monitoring network and programs do 
not provide sufficient information for effective water quality monitoring and are practically 
not an adequate support for a rightful management of water resources, is strictly necessary 
the implementation of information technologies [16]. 

Table 1 presents the obtained results from the analysis of water samples taken from 
the Dniester River in several localities in 2018. Pollution with petroleum products, nitrites 
and CBO5 is observed, which contributes to reducing the amount of dissolved oxygen in 
water and have negative effects on aquatic systems [17]. 

 

Table 1 

Exceedances of the maximum allowable concentration (MAC) on the Dniester River 
sectors (2018) 

Locality Date 

Pollutants 
that have 
exceeded 

MAC 

Maximum 
allowable 

concentration 
(MAC), mg/l 

The registered 
value 

mg/l 
exceedance 

MAC 

village Sanatauca 
06.11.2018 

Petroleum 
products 

0,05 0,07 1,4 

Town Vadul lui Voda 
Petroleum 
products 

0,05 0,06 1,2 

village Cremenciuc 

22.11.2018 

Ammonium 
ions 

0,39 0,48 1,23 

Petroleum 
products 

0,05 0,26 5,2 

village Palanca 
nitriți 0,02 0,029 1,45 

Petroleum 
products 

0,05 0,15 3,0 

Town Naslavcea 
03.10.2018 Petroleum 

products 
0,05 0,10 2,0 
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Continuation Table 1 

village Olanesti 
16.10.2018 Petroleum 

products 
0,05 0,07 1,4 

Town Naslavcea 06.09.2018 
nitriți 0,02 0,048 2,4 

Petroleum 
products 

0,05 0,08 1,6 

village Olanesti 18.09.2018 
CBO5 3,0 3,18  

Petroleum 
products 

0,05 0,17 3,4 

village Vasilcau 1.08.2018 
Petroleum 
products 

0,05 0,07 1,4 

village Cremenciug 

21.08.2018 

CBO5 3,0 3,04  
Petroleum 
products 

0,05 0,12 2,4 

village Palanca 
CBO5 3,0 3,12  

Petroleum 
products 

0,05 0,10 2,0 

Village Olanesti 17.07.2018 
nitriți 0,02 0,040 2,0 

Petroleum 
products 

0,05 0,07 1,4 

Town Naslavcea 06.06.2018 
Petroleum 
products 

0,05 0,07 1,4 

village Olanesti 19.06.2018 
nitrites 0,02 0,042 2,1 

Petroleum 
products 

0,05 0,08 1,6 

Town Naslavcea 04.04.2018 
Petroleum 
products 

0,05 0,14 2,8 

village Olanesti 20.04.2018 
Petroleum 
products 

0,05 0,09 1,8 

Town Vadul lui Voda 06.02.2018 
Petroleum 
products 

0,05 0,13 2,6 

village Olanesti 25.01.2018 
CBO5 3,0 3,50  

Petroleum 
products 

0,05 0,06 1,2 

Town Naslavcea 10.01.2018 
Petroleum 
products 

0,05 0,12 2,4 
 

According to the data in Table 1, it was noted that the largest increases of  the 
maximum allowable concentration are for petroleum products. This can be seen in figure 1 
which shows the increase of the maximum admissible concentration during 2018 in several 
localities. 

Currently there are few attempts concerning the mathematical modeling of pollutant 
transport and dispersal processes in the Dniester River. 

Based on the above, it is formulated the problem of elaborating the methodology for 
the development of mathematical models regarding the determination of the processes of 
transport and dispersion of pollutants in the Dniester River. 
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Figure 1. MAC Exceedances for Petroleum products. 
 

3. Problem solutions  
For a correct evaluation of the water quality, an important factor is the choice of the 

mathematical model and of the simulation program that should be appropriate to the 
studied aquatic system. Based on the analysis of the bibliographic sources, it was found that 
currently no mathematical models are developed on the processes of transport and 
dispersion of pollutants for the Dniester River. At the same time, the analysis shows the 
frequency of use of the Navier-Stokes equation system and the advection-dispersion 
equation for the mathematical modeling of river-type systems in order to determine 
different hydrodynamic processes, including transport and dispersion of pollutants. 

In order to model different processes in river type systems, it is necessary first of all 
to know the sizes characteristic of the hydrodynamics of the studied aquatic systems. In 
river systems the flow is a turbulent one. The mathematical model for turbulent 
hydrodynamics is described by the Navier-Stokes equation system, composed of the Navier-
Stokes equations (27) and the continuity equation (28): 

 

 𝜕v
𝜕𝑡

+ v∇v = 𝑓 − 1
𝜌
∇𝑝 + 𝜈Δv, (27) 

 

 𝜕𝜌
𝜕𝑡

+ ∇(𝜌v) = 0 (28) 
where: 
∇  - is the Hamilton operator; 
∆ – the Laplace operator; 
𝑡 – time; 
𝜈 – viscosity coefficient; 
 𝜌 – density; 
𝑝 – pressure; 
v – fluid velocity;  
𝑓– external forces (per unit volume) acting on the fluid.  
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The left side of the Navier-Stokes equations represents the unit inertia forces, and 
the right side - the mass forces, the pressure forces and, respectively, the viscous friction 
forces. The Navier-Stokes equations represent a system of differential equations with 
second order partial derivatives, inhomogeneous and nonlinear. The main source of 
turbulence is considered the term inertia  𝑣∇𝑣, which represents the nonlinearity of the 
system. Solving these equations is possible only for simplified cases. At present, only the 
existence of weak solutions is demonstrated.  

The movement and scattering of the pollutant occur due to the process called 
dispersion. The mechanism of dispersion is complex and can be explained by the 
simultaneous action of the phenomenon of molecular diffusion of the pollutant and the 
phenomenon of convection-advection. Molecular diffusion is the movement of molecules of 
a fluid from one region to another. This shift can only occur when there is a concentration 
gradient between the two regions. The displacement of molecules is performed in the 
direction of decreasing the concentration. The phenomenon of dispersion is described with 
the help of the fundamental advection-dispersion equation [18]: 

 

 𝜕𝐶
𝜕𝑡

+ 𝜕(𝑢𝑖𝐶)
𝜕𝑥𝑖

= 𝐷 𝜕2𝐶
𝜕𝑥𝑖

2 (29) 

where: 
𝐶 - the pollutant concentration; 
𝑢𝑖 – transverse flow rate, which depends on the flow rate in the directions 𝑥, 𝑦 and 𝑧;  
𝐷 – diffusion coefficient;  
𝑡 – time; 
𝑥 – direction. 

In order to obtain detailed and highly accurate information about the simulated 
system, further the mathematical models that are using computational fluid dynamics (CFD) 
are transformed into numerical models. 

 

 
Figure 2. Research methodology. 
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In order to solve the problem of determining the processes of transport and 
dispersion of pollutants in the Dniester River, including the development of the scenarios 
for predicting water pollution, it is proposed to develop mathematical models based on 
specific parameters for the Dniester River, with subsequent application in various scenarios 
for predicting the water pollution. The research will be performed according to the 
methodology, presented in figure 2: 

 
 

Conclusions 
It was performed an analysis of the bibliographic sources regarding the 

mathematical modeling of the river type aquatic systems, which shows the importance of 
the approached topic. The analysis of aquatic systems with the help of mathematical 
models is an important research tool that can be used to solve problems where field 
research is not possible for economic or technical reasons. 

Based on the analysis of bibliographic sources on the Dniester River, it was found 
that there are different works on the ecological and chemical state of the river, but there 
are no works related to the mathematical modeling of the processes of transport and 
dispersion of pollutants.  
It was made an analysis of water samples taken from the Dniester River for the period of 
2018. It was found that most of the exceedances were recorded for Petroleum products and 
nitrites. It is proposed a methodology for defining the transport and dispersion processes of 
pollutants for the Dniester River, which includes the determining of the hydrodynamics of 
the Dniester River based on the development of the mathematical model composed of the 
Navier-Stokes system of equations and defining the spatio-temporal evolution of pollutants 
on the basis of the fundamental advection-dispersion equation. 
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Abstract. The subjects of this paper are the grapes and wines obtained from local selection 
variety Viorica from Republic of Moldova. Following the spectrophotometric analysis of 
grape juice, significant differences between the content of free volatile terpenes and 
potentially volatile terpenes were noticed. In order to determine the influence of the 
enzymatic treatment on flavor compounds, the wines were subjected to GC-MS analysis. 
The analysis showed that musts that were not treated with enzymes have a concentration 
of about 40% lower terpenes compared to those macerated with pectolytic enzymes. Wine 
is constantly evolving and a particular interest is represented by the dynamics of odorous 
substances during wine storage. For this purpose wines produced by maceration with and 
without addition of pectolytic enzymes were analyzed. Young wines and wines aged for 6 
months at different temperatures were studied. Experimental data showed that free and 
bound terpene compounds are significantly influenced by the storage temperature as well 
as by the origins of terpene compounds. 

 

Keywords: aroma, enzyme, flavor, free/bound terpenes, local selection variety, maceration, wine. 
 

Introduction 
The aromatic profile is a fundamental element of the wine quality, and its handling 

is a challenge, first of all for the production of quality wines and also for producing 
products according to defined criteria [1]. The aromatic potential of grapes is characterized 
by the existence in berries of two types of flavors: free (odorous) and related to sugars (non-
odorous), also known as "flavor precursors" because they have the ability to turn into 
volatile compounds, participating in the formation of the aromatic complex in wines after 
processing the grapes [2]. 

The quality of a wine is directly proportional to the chemical composition of the 
grapes, and the aromatic potential becomes a necessity for defining and controlling the 
overall aromatic quality of the wine [3]. This characteristic of the wine is essentially 
determined by the composition of the varietal aroma. The control of the quality and 
typicality of the wine aroma presupposes the knowledge of the aromatic precursors of the 
grapes, which are responsible for its aroma and the evaluation of the influence of some 
viticultural parameters on these precursors [4, 5]. 
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The success of a wine on the world wine market is dictated by the originality and the 
typicality of it, these are due also to the terroir, including viticultural and oenological 
practices [1].  

In Republic of Moldova, we cultivate mainly grape varieties of European origin, less 
than indigenous ones, that undermines the typicality of the wine. In this context, the aim of 
this work is to highlight the aromatic peculiarities of new selection grape variety – Viorica. 

In Moldova there are very good climate and soil conditions for the cultivation of new 
selection interspecific hybrids, including the Viorica variety. The interest for Viorica variety 
has significantly increased in recent years. However, many vintners and winemakers are not 
sufficiently familiar with this variety.  

This variety has a comprehensive resistance to biotic and abiotic environmental 
factors, being quite productive, with a particularly pronounced, harmonious aroma, with 
great technological potential for quality wines production, including organic ones [6]. Also, 
the planting of such varieties contributes both to the diversification of products and to the 
shaping of a new wine identity specific and typical for our country. 

The new selection grape variety Viorica was created in 1969 within the Institute of 
Viticulture and Winemaking of the Republic of Moldova by crossing the interspecific hybrid 
Seibel 13-666 (France) and Aleatico (Italy), and in 1990 it was approved and included in the 
viticulture register of Republic of Moldova. The Viorica variety is classified as being an 
aromatic variety. Moreover, in the good harvest years, due to the high level of titratable 
acids and sugar, in addition to quiet dry and semi-dry wines, high quality sparkling wines 
can be produced [6]. 

Viorica dry white wine is described by a straw-yellow color, with greenish reflections. 
Intense aromas specific to the Muscat variety: white flowers (acacia, jasmine, linden 
flowers). The aroma of wine harmoniously interweaves a lot of flavors: muscat notes, spices 
with a predominance of bright, memorable flavor of basil, which define the typicality of this 
variety. A light aeration helps to open up the flower and fruit flavors: acacia, apricot and 
citrus fruits [7]. 

The analysis of flavor and odor composition can be challenging. When key 
components, responsible for specific aroma, are known and quantified, they can be utilized 
as a tool to optimize viticultural and oenological practices to obtain maximum grape and 
wine quality [8, 9, 10]. 

 

Experiment 
In order to carry out this study, the grapes of local selection grape variety Viorica 

were manually harvested from the plantations of the Scientific-Practical Institute of 
Horticulture and Food Technologies from Chisinau and processed under micro-vinification 
conditions at the Technical University of Moldova.  

Viorica is an interspecific grapes hybrid (Seibel13-666 x Aleatico) with medium or 
medium-late maturation period (depending on the climatic conditions of the year). The 
grapes are of medium size, cylindrical-conical in shape, sometimes winged, medium-
compact berries. The berries are white, round, medium sized, when ripen they are amber-
yellow covered with intense bloom, the part exposed to the sun often with a light bronze. 
The skin is thick, the pulp is juicy with muscat flavor [6]. Viorica grapes have a high sugar 
accumulation capacity, which depending on the climatic conditions of the year varies 
between 190–210 g·L-1. At the same time, one of the peculiarities of the variety is the 
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increased content of titratable acids that varies between 8.5–9.5 g·L-1, which favors it 
compared to other varieties. Due to these characteristics, Viorica can be used both for the 
production of dry white wines and for production of quality sparkling wines (as raw 
material) [7]. 

In order to obtain information regarding the evolution of aroma compounds from 
grapes to wine and afterwards with maturation, the free and glycozidic monoterpenes were 
determined by the spectro-photometric method in grapes and wines at different stages. 

Fresh grapes were picked at random from whole bunches to give total sample mass 
of 500 grams. Grape samples were frozen immediately after being picked. Prior to analysis, 
the grapes were thawed, homogenised, and filtered through cheesecloth. The liquid must 
was then centrifuged at 4ºC (150 rpm) for 15 minutes.  

Also, the influence of pectolytic enzymes addition during maceration was studied. 
The enzyme preparation Zymovarietal Aroma G (Sodinal, France) contains granulated 
pectinase with beta-glycosidase activity and was added to the must immediately after 
crushing. The maceration was carried out for 8 hours at 15 oC, in half of the total volume 
was added 2 g·hL-1 of enzyme. Both variants of wine were subject of the addition of sulfur 
dioxide in a concentration of 75-100 mg·L-1 applied on marc when macerating, gravitational 
racking and sulphitation after the completion of alcoholic fermentation. 

The principle of the spectro-photometric determination method is based on 
separation of aroma compounds by steam distillation and subsequent colorimetric 
determination of free terpenes in neutral conditions and of bound terpenes (glycosylated 
precursors) in acid conditions by the vanillin/sulfuric coloring reaction. The analysis were 
carried out in the same experimental conditions as in previous studies of the author [11].  

The samples were also analyzed using a Shimadzu GC system composed from a 
single quadrupole mass-spectrometer GC/MS QP2010SE coupled with a three-dimensional 
automated system for the injection of samples AOC-5000. The GC/MS was equipped with a 
Rtx-5MS (30 m x 0.25 mm; 0.25 μm film thickness) fused silica capillary column. Helium 
was used as the carrier gas adjusted to 0.8 mL·min-1; with splitless injection of 1 μL of a 
hexane solution; injector and interface temperature were 200 ºC; oven temperature 
programmed was 40-240 ºC at 8 ºC min-1; ion source temperature was 200 ºC. The mass 
spectrophotometer was operated in the selective ion mode under autotune conditions and 
the area of each peak was determined by ChemStation software (Agilent Technologies).  

After headspace extraction and GC/MS analysis, mass spectral identifications of 
compounds was carried out by comparing their GC mass and retention data with those held 
in the NIST-08   mass spectral library and FFNSC 1.3, a library which was specially 
developed for flavours and fragrances. Total ion chromatogram and mass fragment of each 
component was compared with mass spectra from mentioned libraries and confirmed with 
retention data of compounds [12].  

 

Results and discussion 
a. Aroma compounds from grapes 
The content of free (FVT) and bound (PVT) monoterpenes reveals obvious dynamic 

changes during the evolution of grape berries [13, 14]. In case of grape varieties for 
winemaking, the knowledge about the distribution in juice and skin, as well as the content 
of FVT and PVT, are very valuable for the application of contact treatments between the 
solid and liquid phase in order to optimize the aromatic quality of the wines [15].  
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Following the spectrophotometric analysis of Viorica grape juice, there were noticed 
significant differences between the content of free volatile terpenes (0.175 mg·L-1) and 
potentially volatile terpenes (0.312 mg·L-1), the PVT/FVT ratio being 1.783. The higher 
content of terpene glycosides means an increased potential of volatile terpenes, thus 
suggesting a higher aromatic potential. The distribution of FVT and PVT in juice, pulp and 
skin varies differently depending on the contact duration [11].  

Volatile compounds were quantified as area percentage of total volatiles from GC-
MS analyses. Estimation of the quantity of individual components in the samples (in ppm or 
mg·L-1) has not been attempted. The peaks were identified by their mass spectra and 
retention data. The most abundant volatile compounds identified in Viorica grape juice, 
including terpenes, alcohols, esters, aldehyde and ketone compounds are listed in the order 
of their elution in Table 1.  

Several studies have reported that the terpenoid compounds could be used 
analytically for varietal characterization [2 - 4, 9, 13]. It is known that terpene compounds 
are secondary plant constituents [14, 16 - 18]. In Viorica grape juice, the presence of a large 
range of monoterpenes (C10H16) was identified: eucalyptol, linalool oxide, linalool, p-
menthanone, α-isomenthone, DL-menthol, α-terpineol, nerol, menthyl acetate. All these 
monoterpenes earlier were identified in other grapes of flavoured varieties [3, 4, 12]. The 
terpene monohydroxilic alcohols (terpenols) are the most important compounds with 
flavoring potential, because these represent volatile free flavors from aromatic type grapes. 
From the quantitative point of view, they represent about 40-50% of volatile odorant 
compounds with a very low perception threshold (0.1-0.5 mg·L-1) [16]. 

In the present study, the Viorica grapes juice is distinguished by a huge amount of p-
menthanone and DL-menthol (nearly 50 %), that gives it minty and camphoreous notes to 
the wines obtained from this variety. 

 

 Table 1 
Main volatile compounds found in Viorica grapes juice: GC/MS retention data, compound 

identification, CAS number [19] and olfactory characteristics 
Retention 

time 
Compound CAS no. Relative peak 

area, % 
Olfactory descriptors Odor type 

4.053 Isoamyl alcohol 123-51-3 1.50 Fusel, alcoholic, cognac, 
fruity, banana  

fermented 

6.550 Hexanol 111-27-3 15.64 Etherial, fusel oil, fruity 
sweet with a green top 
note 

herbal 

9.987 Eucalyptol 470-82-6 12.64 Eucalyptus, herbal, 
camphor 

herbal 

10.852 Linalool oxide 

<cis-> (furanoid) 

5989-33-3 0.41 Citrus green citrus 

11.350 Linalool 78-70-6 1.37 Citrus, orange, floral, 
terpy, waxy and rose 

floral 

12.455 p-Menthanone 10458-14-
7 

23.49 Minty mentholic 

12.669 α-Isomenthone 491-07-6 2.37 Mentholic, cooling, minty 
and camphoreous  

mentholic 
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Continuation Table 1 
12.809 DL-Menthol 89-78-1 24.14 Peppermint, cool woody mentholic 

13.163 α-Terpineol 98-55-5 3.26 Lilac, citrus, woody floral, 
lily of the valley 

floral 

14.261 Nerol 106-25-2 3.09 Fresh, citrus, floral, green, 
sweet, lemon, magnolia 

floral 

14.990 Menthyl acetate 16409-45-
3 

4.73 Tea cooling, minty, fruity, 
berry 

mentholic 

16.461 β-Damascenone 23696-85-
7 

2.54 Woody, sweet, fruity, 
green floral nuances 

floral 

16.515 Ethyl 9-
decenoate 

67233-91-
4 

0.32 Fruity fatty fruity 

16.637 Ethyl caprate 110-38-3 0.85 Sweet, waxy, fruity, apple waxy 
 

b. The influence of enzymatic treatment on the aromatic composition of wines 
In order to determine the influence of the enzymatic treatment on flavor compounds, 

the wines were subjected to GC-MS analysis. The overall results were recorded in Table 2. 
Analyzing the data from the table, it can be observed an insignificant increase of the total 
content of volatile compounds in the case of maceration enzymes addition (about 4%), 
instead it can be seen important differences for each class of compounds separately.  

Thus, when pectolytic enzymes were added, in Viorica wine, were registered esters 
quantity over 50% higher than in the control sample. Similar results were observed for 
norisoprenoids (62% more), terpenes and thiols (about 40% more than the control sample). 

Given that the Viorica variety is a potentially aromatic variety, i.e. most flavor 
compounds are found in the form of precursors, these results have a very important role for 
the choice of winemaking technology. Furthermore, in Table 2, in the case of wines with the 
enzymes addition at maceration, there is a content decrease of volatile phenolic compounds 
and aldehydes (especially acetic aldehyde), which are known for their phenolic and spicy 
aromas and, respectively, pungent odor. 

 

Table 2 
Content of volatile odorous compounds in Viorica dry white wine (control sample and 

sample with enzymes addition), mg·L-1 

Name of the volatile compound  control enzymes Δ, % 

Higher alcohols 206.108 226.073 +9.69 

Esters 61.682 93.850 +52.15 

Acids 265.919 271.684 +2.17 

Terpenes 0.926 1.286 +38.92 

Norisoprenoids 0.011 0.017 +62.05 

Thiols 0.155 0.212 +36.25 
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Continuation Table 2 

Aldehydes 58.897 42.736 -27.44 

Volatile phenolic compounds 0.291 0.258 -11.29 

Lactones 0.568 0.725 +27.82 

Totally volatile compounds 604.491 626.905 +3.71 

Note:”+” increase of the value,”-” decrease of the value compared to the control sample 
 

The percentage variation of the volatile odorous compounds content in wines 
macerated with enzymes addition compared to the control sample is represented 
graphically in Figure 1. The wine obtained by enzyme treatment showed a higher content in 
terpenes, this increase is due to their release from the bound forms during alcoholic 
fermentation, because of the residual enzymatic activity of the grapes or the enzymatic 
activity of the fermentation yeasts [8, 20, 21]. 

 

 
Figure 1. Influence of the enzyme addition on the content of the most important terpenes. 

 

Cyclization of nerol, geraniol and linalool in an acid medium gives α-terpineol [22, 
23], and cyclization in an acid medium with 2,6-dimethyl-3,7-octadien-2,6-diol leads to 
hotrienol [5, 9].  

Figure 1 shows graphically the comparative concentration of the most important 
terpenes in terms of quantity and smell, respectively. The performed determinations 
showed that musts that were not treated with enzymes have a concentration of about 40% 
lower terpenes compared to those macerated with pectolytic enzymes. The linalool content 
increases by about 20% compared to the control sample. 

The use of enzymes during maceration leads to the optimization of the varietal 
flavors increasing process [24, 25], resulting in wines with superior sensorial characteristics, 
the values of terpene compounds increasing by about 40%. Moreover, the study showed 
that the use of enzymatic preparations leads not only to significant increases in terpenes in 
wine, but they also are richer in esters, have very low values of acetaldehyde and volatile 
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phenolic compounds. Thus, it can be concluded that the use of enzymes during maceration 
has led to increased efficiency due to increased content of compounds responsible for the 
profile and aromatic typicality of wines obtained from Viorica grapes, which is reflected 
through a value increase of the wine quality. 

 

c. Influence of storage temperature on aromatic composition of wine 
Wines are constantly evolving, so a special interest is the dynamics of terpenes 

during the wine storage [26]. For this purpose, the wines obtained with or without the 
addition of enzymes at the maceration and stored 6 months at 12 oC and 18 oC were 
analyzed by spectrophotometrical method. The variation of terpene compounds after six 
months of storage at different temperatures is shown in Figure 4. 

 
 

 

 
 

Figure 2. Variation of terpene compounds during storage at different temperatures. 
 

After 6 months of storage at temperature of 12 °C it was noticed a decrease of free 
terpenes level with 30% and after storage at temperature of 18 °C with 60% in control 
samples. In wines obtained by addition of maceration enzymes free terpenes content 
decreased by 45% after 6 months of storage at temperature of 12 °C and by 75% after 
storage at temperature of 18 °C. Thus, it can be concluded that, increasing storage 
temperature from 12 °C to 18 °C leads to decrease of free terpenes content in wine samples 
about 30 %. Contrary to expectations, the use of exogenous enzymes at maceration 
presented a negative impact on wine aroma. After 6 months of storage at temperature of 12 
°C, a decrease of free terpenes level about 12 % and at temperature of 18 °C about 15 % for 
the wine compared with the control was measured.  

Regarding the content of bound terpenes, it also can be noticed the tendency to 
decrease along with increase of storage temperature. At the storage temperature of 12 °C 
slow processes of the bound terpenes content decreasing was measured. The decrease was 
about 10 % for the control wines and by 35% in wines produced with enzyme addition 
during maceration. At higher storage temperatures (18 °C), the enzymatic and acid 
hydrolysis of bound terpenes was enhanced, leading to a decrease of bound terpenes 

V1 initial, no enzymes 

V2 no enzymes t=12 oC, 
τ=180 days 

V3 no enzymes t=18 oC, 
τ=180 days 

V4 initial, with enzymes 

V5 with enzymes t=12 oC, 
τ=180 days 

V6 with enzymes t=18 oC,  
τ= 180 days 
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amount three times higher than at 12 °C, about 35 % for control samples and 55 % for 
samples obtained by enzyme maceration addition. 

As a result of the research it can be resumed that, in order to diminish the 
degradation process of terpenic compounds, it is important to keep the wines at 
temperatures of about 12 oC. 

At the same time, it was found that the use of enzymes in maceration on marcs leads 
to the production of wines with an increased content of terpene compounds, but which, 
after a 6 months storage, record terpenes amounts with 10-15% lower than in samples 
obtained by enzyme-free maceration.  

 

Conclusions 
As a result of the carried study, it can be mentioned that the choice of winemaking 

technology has a very important role for the aromatic characteristics of the wines obtained 
from local selection grapes Viorica. 

Following the spectrophotometric analysis of grape juice, significant differences 
between the content of free and potentially volatile terpenes were noticed, the PVT/FVT 
ratio being 1.783. The higher content of terpene glycosides means an increased potential of 
volatile terpenes, thus suggesting a higher aromatic potential. The Viorica grapes juice is 
distinguished by a high amount of p-menthanone and DL-menthol (nearly 50 %), that gives 
it spicy and camphoreous notes to the wines obtained from this variety.  

Moreover, the study showed that the use of enzymatic preparations leads not only to 
significant increases in terpenes in wine, but they also are richer in esters, have very low 
values of acetaldehyde and volatile phenolic compounds. Thus, it can be concluded that the 
use of enzymes during maceration has led to increased efficiency due to increased content 
of compounds responsible for the profile and aromatic typicality of wines obtained from 
Viorica grapes, which is reflected through a value increase of the wine quality. 

Regarding the influence of the storage temperature on the terpene amount, it can be 
resumed that, in order to diminish the degradation process of terpenic compounds, it is 
important to keep the wines at temperatures of about 12 oC.  

It can be resumed that the use of enzymes in maceration on marcs leads to the 
production of wines with an increased content of terpene compounds, but which, after a 6 
months storage, record terpenes amounts with 10 - 15% lower than in samples obtained by 
enzyme-free maceration. 
Consequently, experimental data showed that free and bound terpene compounds are 
significantly influenced by the storage temperature as well as by the origins of terpene 
compounds. 
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Abstract. Yogurt rheological and textural parameters are known to have an important 
impact on food quality and acceptability. The paper includes the determination of the 
viscoelastic and textural parameters of goat's milk and cow's milk yogurt in terms of 
physico-chemical indices and technological properties. Two series of yogurts were 
prepared: series I of goat's milk and cow's milk 50:50 (5 samples) and series II of 100% 
goat's milk (5 samples), adding the aronia, strawberries, raspberries, peaches using classical 
technology. Texture parameters with higher values were obtained for yogurt of first series 
due to the presence of casein fractions specific to cow's milk. Added fruits to yogurt have 
had a positive impact on texture indices, due to contained hydrocolloids that confer 
thickening, stabilizing, gelling and emulsifying properties to food products. Due to the 
organic acids contained in fruits, the pH of yogurt is lower, so the voluminosity of casein 
micelle increases at lower pH value due to increased hydration, possitivly influensed the 
viscosity parameters. Manufacture of yogurt from goat's milk and cow's milk induced 
stronger yogurt gel (series I), due to a higher content of α casein in cow's milk compared to 
goat's milk. The viscoelastic characteristics of yogurt samples, show that G′ is higher than G″ 
during the entire frequency range. The added fruits to yogurt influence the viscoelastic 
parameters more through some components present in their composition: The higher dry 
matter content in the yogurt samples with the addition of aronia, respectively indicates the 
higher values for the parameters G' and G'', namely for the yogurt of the second series. 

 

Keywords: yogurt, rheological parameters, textural parameters, casein fractions, heat treatment 
of yogurt, starter cultures of yogurt, dairy gels. 

 

Introduction 
The improved rheological properties of food products positively reflect on the course 

of the technological process and on the product quality, [1]. 
Texture is an essential quality indicator in assessing the yogurt quality. For 

foodstuffs, according to ISO, texture represents all the rheological and structural attributes 
perceptible by mechanical, tactile and, where appropriate, visual receptors, [2]. 
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Rheology is the science that studies the interdependence between mechanical 
stress, the response of bodies and their properties, yogurt gel formation and rheological 
properties (viscosity, elastic and viscous modulus, texture), [3]. Yogurt gel formation can be 
followed and studied without affecting the structure of the gel by dynamic rheology 
methods at low oscillations, [4]. 

Methods based on small deformations applied in an oscillating manner are 
frequently used to study the formation process and the gels properties, [4]. The dynamic 
response of viscoelastic fluids to oscillatory stimuli is characterized by two basic indices - 
the storage elastic modulus G' and the loss elastic modulus G''. 

The components used in this case are: the components of the complex modulus of 
elasticity (elastic modulus, G' and the viscous modulus, G'') and the tangent of the loss 
angle (tg δ), defined as the ratio between the elastic component and the viscous component 
for a viscoelastic body. In the case of dairy gels, the elastic modulus G' characterizes the 
energy conserved by the deformation cycle and the gel firmness, which is determined by 
the protein-protein interactions, [5, 6]. High values of elastic modulus indicate high gel 
firmness, [4]. 

The G' and G'' curves shape depends on the material characteristics, but also on the 
values of the independent variables covered by the measuring device (frequency, time, 
temperature, effort). 

To identify the gel formation time, the G' value evolution as a function of time is 
measured. Some authors consider the gelation point when the modulus of elasticity reaches 
1 Pa [7], other authors - 0.1 Pa, [8, 9]. 

Based on the modeling curves experimentally obtained, the calculation of the 
gelation time is performed. If the acidification curve is also established, the gelling pH 
value can be assessed. The knowledge of dynamic properties such as G' and G'' allows the 
estimation of the other linear viscoelastic properties as well as the behavior of the fluid in 
other types of deformations such as stretching, [3]. 

The aim of paper is to investigate the viscosity of goat's milk and mixture of goat's 
and cow's milk yogurt with the addition of scald fruit.  

The raw materials used, due to the different chemical composition, predict different 
results for the rheological properties of the end product. Classic goat milk yogurt has a less 
consistent coagulum compared with cow milk yogurt, [10]. 

The most common method for improving the texture of different yogurts is 
increasing milk total solids (TS) content, which can be achieved via evaporation or by the 
addition of skim milk powder, milk proteins or thickening agents, [11, 12] or hydrocolloids 
such as xanthan gum, carrageenan, guar gum and pectin, are hydrophilic polymers 
commonly used to confer thickening, stabilizing, gelling and emulsifying properties to food 
products, [13]. Such hydrocolloids could be content in fruits, that besides functional 
properties may positively influence the viscosity of yogurt.  

The goat milk fat globules are 1/5 of the size of the cows' milk, they have a better 
dispersion and make a more homogeneous mixture. It consists of several different 
components, including glycoproteins, non-polar lipids, phospholipids and sphingolipids, all 
contributing to the nutritional and technological aspects of fat globulin membrane 
components, [14, 15, 16, 17]. The goat's milk fat is more easily digestible, and can be 
considered an important source used in various metabolic processes, and even for 
combating some metabolic diseases, [17, 18, 19]. 
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Goat milk proteins are more easily digestible than cows' milk proteins. Goat milk has 
lower casein content and a lower coagulation capacity. This difference in coagulation power 
is attributed to low levels of 𝛼𝑠1-casein in goat milk compared to cow's milk, being a key 
reason for goat's milk to be considered as more easily digested than cow's milk. 96% of 
goat milk casein is hydrolyzed, compared with 76 - 90% casein from cow's milk. The result 
is attributed to the higher level of β-casein and a lower level of 𝛼𝑠1-casein in casein of goat 
milk, [17, 20]. 

Due to well-balanced chemical composition, curative properties, fine curd formation 
and high digestibility goat milk perfectly fit for dairy products manufacture, such as yogurt, 
that can highlight all its beneficial properties, [17]. 

Rheological properties of yoghurt are determined by their production conditions and 
composition. If there is any disturbance in the balancing of milk components, then it 
directly impacts on the rheological properties of prepared yoghurt, [21, 22, 23]. 

 

Materials and methods 
Materials 

 Goat milk was carried out at a local farm, according to Moldovan standard: 2015 
Goat and sheep raw milk. Specifications. This standard establishes technical 
conditions for the raw goat milk quality collected for industrial processing. 

 Raw cow milk, obtained from local farm was received according to Guvernamental 
Decision  No. 158, on 07.03.2019 with regard to the approval of the Technical 
Regulation "Milk and dairy products" that included technical conditions for the 
quality of raw cow milk collected for industrial processing. The milk was pasteurized 
and standardized to a fat content of 2.5% 

 Starter culture, containing Lactobacillus delbrueckii ssp. Bulgaricus and Streptococcus 
salivarius ssp. thermophillus ready for direct vat inoculation were used for yogurt 
preparation. 

 Whole milk powder 26%, according to Guvernamental Decision  No. 158, on 
07.03.2019 with regard to the approval of the Technical Regulation "Milk and dairy 
products"  

 Fruits: aronia, peach, raspberry, strawberry, of local production, preserved as a puree, 
according to requirements of Guvernamental Decision  No. 221 of 16.03.2009 on the 
approval of the Rules on criteria microbiological for all use. 

 Sugar, according to the requirements of Guvernamental Decision No. 774, technical 
regulations “Sugar. Production and marketing”. 

 
Yogurt preparation. 
The milk was pasteurized (85-90°С/30 min), cooled to 45 °С and inoculated with 

1.5% starter culture consisting of Lactobacillus delbrueckii ssp. bulgaricus and 
Streptococcus salivarius spp. thermophilus. The 10% content of scald fruits of chokeberry, 
peach, raspberry, strawberry was added in the yogurt. The yogurt samples were packaged in 
180 g containers and thermostated at 37°C for 6 hours, [24]. The end of the coagulation 
process was determined by the pH value and firmness of the coagulum. After the packed 
product was chilling, cooling and stored at 6±2°C. 
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Table 1 

Notify the probe 

Sample code Sample description 
Series I 

P1 Goat milk 50% + cow milk 50%, classic yogurt 
P2 Goat milk 50% + cow milk 50% + aronia 
P3 Goat milk 50 % + cow milk 50% + peach 
P4 Goat milk 50% + cow milk 50% + raspberry 
P5 Goat milk 50% + cow milk 50% + strawberry 
Series II 
P6 Goat milk 100% , classic yogurt 
P7 Goat milk 100% + aronia 
P8 Goat milk 100% + peach 
P9 Goat milk 100% + raspberry 
P10 Goat milk 100% + straspberry 

 

Methods 
Texture evaluation. The sample was placed in a cylinder 60 mm high and 50 mm in 

diameter where a double compression was performed. The cylindrical part was inserted into 
the sample at a distance of 15 mm. The applied force is 7g. Test speed of 1 mm / s, 
withdrawal speed of 1 mm / s. Between the two compressions the sample was left to rest 
for 3 seconds, [25]. 

Evaluation of the yogurt viscosity. The viscosity dynamics was investigated at 
consumption temperature of 4 °C. The plate where the sample will be placed is cooled to 4 
°C, after which the drop of yogurt placed in the center is also cooled to the consumption 
temperature. Place the conical geometry over the sample and apply a friction force from 0.1 
Hz to 10 Hz. The data is stored in an electronic program, after which it can be processed in 
Microsoft Office Excel, [26]. 

pH was determined using a pH meter TESTO 205.  
 Total dry matter content. Method for determining the content of dry substance in the 

MAC moisture analyzer consists of a sample with IR drying the aluminum support on the 
machine until a constant weight of the residue dried, [27]. 

 Statistical analysis. Variance analysis of the results was carried out by least square 
method with application of Microsoft Office Excel program. 

 
Results and discussions 
The rheological properties of fermented dairy products are influenced by several 

technological factors: heat treatment temperature, cooling process and type of starter 
cultures used (temperature and duration of fermentation), [28]. 

The operating temperature should be close to 95˚C. Dannenberg and Kessler (1988) 
showed the close relationship between the rheological properties and the degree of β-
lactoglobulin denaturation: between 60 and 90%, the firmness of the gel obtained increases 
considerably. Depending on the heating process and the heat intensity, a proportion of β-
lactoglobulin and α- lactalbumin is bound to the casein. This determined the rheological 
properties of yoghurt, [29, 30]. 
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On the other hand, the heat treatment of milk is used to destroy unwanted 
microorganism, which provides less competition for the starter culture. In this way helps to 
remove dissolved oxygen assisting starter growth because of yogurt starter cultures are 
sensitive to oxygen, [31]. 

Cooling also increases the gel firmness, [32]. Upon cooling, the hydrophobic bonds 
between casein are gradually replaced by non-covalent bonds such as hydrogen, dipole and 
electrostatic bonds, which are responsible for increasing the gels firmness, [33]. 

 

Table 2 
pH value during fermentation of yogurt  

Sample 
Time, h 

Initially 2 4 6 
Ist series 

P1 6,25±0.2 6,25±0.2 6,25±0.2 6,25±0.2 
P2 6,24±0.1 6,24±0.1 6,24±0.1 6,24±0.1 
P3 6,07±0.2 6,07±0.2 6,07±0.2 6,07±0.2 
P4 5,83±0.2 5,83±0.2 5,83±0.2 5,83±0.2 
P5 5,94±0.1 5,94±0.1 5,94±0.1 5,94±0.1 

IId series 
P6 6,28±0.1 6,28±0.1 6,28±0.1 6,28±0.1 
P7 6,1±0.1 6,1±0.1 6,1±0.1 6,1±0.1 
P8 6,03±0.1 6,03±0.1 6,03±0.1 6,03±0.1 
P9 5,55±0.1 5,55±0.1 5,55±0.1 5,55±0.1 

P10 5,75±0.2 5,75±0.2 5,75±0.2 5,75±0.2 
 

The microorganisms in the starter culture determine the subsequent viscosity of the 
finished product. The exopolymers produced by the bacteria are often the cause of a yogurt 
flowing structure or a hard lactic gel. 

For an optimal fermentation process, it is recommended to observe the temperature 
regime indicated by the manufacturer, specific of the used starter cultures type, because 
prolonged fermentation at a low temperature leads to a decrease in the finished product 
viscosity. 

At a temperature of ~ 45 °C, the viscosity becomes higher due to the increase in the 
amount of exopolysaccharides, [34].  

The activity of the starter culture was analyzed according to the pH values obtained 
during the fermentation period, table 2.  

The obtained pH values are specific to the microorganisms type in the starter culture 
used, according to their growth curve and support the full lactic gel formation.  

The yogurt with the addition of raspberries and strawberries in both series showed 
lower pH values compared to the classic yogurt, due to the content of organic acids in those 
fruits, which, however, do not differ significantly towards the end of the fermentation 
process. 

The dry matter plays an important role in forming the texture of the finished product. 
When total solids content is increased, the intensity of the attractive forces between the 
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casein micelles decreases, increasing the waterholding capacity and decreasing gel 
shrinkage, porosity, and natural syneresis, [35, 36, 10].  

The added fruits, due to the high fiber content and the hydrocolloid content, 
respectively, are meant to improve this parameter, although the scalding step, performed 
incorrectly, can increase the water content in the finished product, [38]. In table 3 an 
increase in the dry matter content is observed only for some samples of fruit yogurt shared 
with the classic yogurt, namely, 24.24% yogurt with aronia, 26.56% yogurt with raspberries. 
The dry matter content in the fruit samples is higher compared to the control sample. 

 

Table 3 
Yogurt solids 

 

Texture represent a set of mechanical, geometric and surface properties of a food or 
food raw material, perceptible by tactile or mechanical receptors and, sometimes, visual 
and auditory. The mechanical properties are those related to the reaction of the product to 
the constraint, being divided into five primary characteristics: hardness, cohesiveness, 
viscosity, elasticity and adhesiveness and 3 secondary characteristics: fracturability, 
chewability and gumminess, [37]. 

The stickiness and adhesiveness of yogurt are usually most often determined by the 
used starter culture type and the addition of fruit, because the sugar content of the 
additives and the exopolysaccharides released by bacteria form a more or less viscous lactic 
gel. The content of these substances together with proteins, influences the dry matter of 
the product, [38]. 

Yogurt of series I, for texture parameters showed much higher values than yogurt of 
series II, which coincides with the total dry matter content, respectively the quality of the 
formed curd, due to the presence of casein fractions specific to cow's milk. 

Fruits added to yogurt have had a positive impact on texture indices, possibly also 
due to the hydrocolloids contained that confer thickening, stabilizing, gelling and 
emulsifying properties to food products [12, 13], and polyphenols due to their binding with 
proteins, [12, 39]. 

Hardness/firmness and adhesiveness values of the yogurt samples containing scald 
fruits are shown in table 4.  

Yogurt gels are a type of soft solid, and these network are relatively dynamic system 
that are prone to structural rearrangements, [31]. Gel formation can be monitored without 
affecting its structure, by dynamic rheology methods at small oscillations. For fluids that do 
not reach an equilibrium deformation, the degree of deformation changes continuously over 
time. The viscosity of gels, like yogurt, is non-Newtonian. Decreased viscosity with 
increasing shear rate is typical for acidic dairy gels, [21]. 

Quality 
indicator 

Sample 
Ist series 

P1 P2 P3 P4 P5 

Dry matter, % 

18,63±0.2 24,24±0.02 22,98±0.02 26,56±0.1 18,78±0.01 
IId series 

P6 P7 P8 P9 P10 
15,27±0.02 25,86±0.02 17,88±0.03 18,05±0.02 16,19±0.01 
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The fruits added to yogurt influence the viscoelastic parameters more through some 
components present in their composition, [40 - 42].  

The higher dry matter content of the yogurt samples with the addition of aronia 
berry and peach indicates, respectively, higher values for parameters G' and G'', namely for 
yogurt series II (100% goat's milk). 

Table 4 
Evaluation of yogurt texture 

Sample 
Gumminess 

H*A2/A1 
Firmness 

Adhesiveness 
N*s 

Stickiness 

Ist series 
P1 27.4±0.01 28±0.01 94.2±0.02 14.5±0.02 
P2 27.9±0.03 28±0.01 94.1±0.02 14.6±0.01 
P3 33.3±0.02 30±0.03 119.7±0.01 15.1±0.01 
P4 42.1±0.01 35±0.01 174.7±0.02 18.1±0.03 
P5 40.4±0.01 35±0.01 162.3±0.02 18.2±0.01 

IId series 
P6 15.0±0.02 19±0.03 20.1±0.01 11.1±0.03 
P7 13.4±0.01 18±0.01 11.2±0.03 8.6±0.01 
P8 19.5±0.02 23±0.02 25.3±0.02 11.1±0.04 
P9 21.1±0.03 24±0.02 36.2±0.01 11.6±0.01 
P10 16.2±0.02 20±0.02 16.1±0.01 9.9±0.02 

 

Due to the organic acids contained in, the pH of yogurt is lower, so the voluminosity 
of casein micelle increases at lower pH value due to increased hydration.  

Analyzing the curves in figures 1 - 4, all yogurts exhibited viscoelastic 
characteristics, with G′ being higher than G″ during the entire frequency range, results 
obtaind also by Zhihua Panga et al., 2019. Module G' is responsible for the firmness of the 
gel formed by protein-protein interactions, [5].  

Manufacture of yogurt from goat's milk and cow's milk induced stronger yogurt gel 
(series I), which is in agreement with the results from the curve in figure 1 - 4, due to a 
higher content of α casein in cow's milk compared to goat's milk, [43]. 

 

 
Figure 1. Viscoelastic parameters (G') from frequency of yogurts, series I. 
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(a) 

 

(b) 
Figure 2. Viscoelastic parameters (G') from frequency of yogurts, series II, (a, b). 

 

 

Figure 3. Viscoelastic parameters (G'') from frequency of yogurts, series I. 
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Figure 4. Viscoelastic parameters (G'') from frequency of yogurts, series II 
 

In the case of dairy gels, the elastic modulus G' characterizes the energy conserved 
by the deformation cycle and the firmness of the gel, which is determined by the protein-
protein interactions. The formation of the curves G' and G'' depends on the characteristics of 
the material, but also on the values of the independent variables, covered by the measuring 
device (frequency, time, temperature, effort), [44]. 

 

Conclusions  
The fermented dairy products rheological properties are influenced by several 

technological factors: heat treatment temperature that should be close to 95˚C, cooling 
process that increases the firmness of the gel and type of starter cultures used (temperature 
and duration of fermentation).  

The added fruits, due to the content in dietary fiber, improved the quality 
parameters, there is an increase in the dry matter content for fruit yogurt samples compared 
with classic yogurt, an increase in the dry matter content is observed for samples of yogurt 
with aronia berry and yogurt with raspberries for both series. 

Yogurt of series I, for texture parameters, showed much higher values than yogurt of 
series II, due to the presence of casein fractions specific to cow's milk. Fruits added to 
yogurt have had a positive impact on texture indices, due to the content of dietary fiber and 
hydrocolloids contained that confer thickening, stabilizing, gelling and emulsifying 
properties to food products. 

Analyzing viscoelastic parameters, all yogurts exhibited viscoelastic characteristics, 
with G′ being higher than G″ during the entire frequency range. Manufacture of yogurt from 
goat's milk and cow's milk induced stronger yogurt gel (series I) in comparation with goat 
milk yogurt, due to a higher content of α casein in cow's milk compared to goat's milk. The 
value of viscoelastic parameters was improved in goat's milk yogurt by adding scald fruits. 
The yogurt with aronia berry and yogurt with peach of series II indicates higher values for 
parameters G' and G''. 

In the context of goat's milk valorization in yogurt with a well-formed lactic gel, it is 
recommended to use scalded aronia, raspberry and peach fruits, that besides increasing the 
biological value of the product have a visible positive effect on the rheological and textural 
properties of the end product. 

0

100

200

300

400

500

600

700

0 . 1 1 1 0

G'
', 

Pa
P6 P7 P8 P9 P10

f (Hz)



 V. Bulgaru, T. Cușmenco, A. Macari, O. Botezat 181 

Journal of Engineering Science  December, 2020, Vol. XXVII (4) 

Acknowledgments: This work was supported by Moldova State project 
20.80009.5107.09 Improvement of food quality and safety by biotechnology and food 
engineering. 

 
References 
1. Loveday S.M., Sarkar A., Singh H. Innovative yoghurts: Novel processing technologies for improving acid 

milk gel texture. Trends in Food Science & Technology, 2013, 33:5, 20. 
2. Fischer P., M. Pollard P. Erni I. M., Padar S. Rheological approaches to food systems. C. R. Physique 10. 

Institute of Food Science & Nutrition, ETH Zurich, CH-8092 Zurich, Switzerland, 2009, 740–750. 
3. Popescu L. Technological and nutritional aspects of acidic dairy products with germinated sorice. PhD 

thesis. 2013. 
4. Lucey J.A. Formation and physical properties of milk protein gels. Journal of Dairy Science, 2002, 85 (2), 

281-294. 
5. Duboc P., Mollet B. Applications of exopolysaccharides in the dairy industry, International Dairy Journal, 

2001, 11 (9). 759-768. 
6.  Lucey J. A., Singh H. Formation and properties of acid milk gels: a review. Food research international, 

1998, 30, 529-542. 
7. Van Marle M.E., Zoon P. Permeability and rheological properties of microbially and chemically acidified 

skim-milk gels, Netherlands Milk and Dairy Journal, 1995, 49, 47-65. 
8. Girard M., Schaffer-Lequart C. Gelation and resistance to shearing of fermented milk: Role of 

exopolysaccharides. International Dairy Journal, 2007a, 17 (6). 666-673.  
9. Girard M., Schaffer-Lequart C. Gelation of skim milk containing anionic exopolysaccharides and recovery of 

texture after shearing, Food Hydrocolloids, 2007b, 21 (7). 1031-1040. 
10. Bruzantin F. P., Daniel J. L. P., at al. Physicochemical and sensory characteristics of fat-free goat milk yogurt 

with added stabilizers and skim milk powder fortification. J. Dairy Sci. 99:3316–3324 
http://dx.doi.org/10.3168/jds.2016-10327. 

11. McCarthy Z., Liu W., & Guo. Physiochemical Properties, Microstructure, and Probiotic Survivability of Nonfat 
Goats’ Milk Yogurt Using Heat‐Treated Whey Protein Concentrate as Fat Replacer. Journal of Food Science, 
2015, 80(4). 

12. Cardinesa P.H.F. Moringa oleifera seed extracts as promising natural thickening agents for food industry: 
Study of the thickening action in yogurt production. Food Science and Technology, 2018, 97, 39–44. 

13. Codex Alimentarius Commission. Codex standard for fermented milks. Codex Stan 243–2003, 2015. 
14. Banu C., Pasat Gh., Darin S.S., Daraba A. Valorisation of Goat's milk. Ed. AGIR, 2007. 
15. Dewettinck K., Rombaut R., Thienpon N., Le T., Messens K., Camp J. Nutritional and technological aspects of 

milk fat globule membrane material. International Dairy Journal, 2008, 18, 436-457. 
16. Tilahum Z., Nejash A., et al. Review on medicinal and nutritional values of goat milk. Academic Journal of 

Nutrition 2014, 3 (3), 30-39 p. ISSN 2309-8902. 
17. Bulgaru V., Botezat O. The quality indices of yaghurt manufactured with cow milk and goat milk. In 

collections of the International Conference "Modern Technologies in the Food Industry 2018", ed. IV, 
Chisinau, 18-20 October 2018, pp.266-271, ISBN 978-9975-87-428-1. 

18. Bevilacqua C. Goats’ milk of defective alpha(s1)-casein genotype decreases intestinal and systemic 
sensitization to beta-lactoglobulin in guinea pigs. Journal of Dairy Research, 2001, 68, 217-227 p.  

19. Haenlein, G., et al. Past, present, and future perspectives of small ruminant dairy research. Journal of Dairy 
Science. Ed., 2001, 84, 2097–2115.  

20. Alfe´ rez M. J. M., Barrionuevo M., Lopez-Aliaga I., et al., Digestive utilization of goat and cow milk fat in 
malabsorption syndrome. Journal of Dairy Science, 2001, Ed. 64, 451–461.  

21. Dar Y. L., Light J. M. Food texture design and optimization. Hoboken, NJ: John Wiley & Sons, 2014. 
https://doi.org/10.1002/9781118765616 

22. Penna A.L.B., Converti A., et al. Simultaneous effects of total solids content, milk base, heat treatment 
temperature and sample temperature on the rheological properties of plain stirred yoghurt. Food 
Technology Biotechnology, 2006, 44, 515-518. 

23. Aswal P., Shukla A., Priyadarshi S. Yoghurt: preparation, characteristics and recent advancements. Cibtech 
Journal of Bio-Protocols, 2012, Vol. 1, (2) 32-44, ISSN: 2319–3840 (Online) An Online International Journal 
Available at http://www.cibtech.org/cjbp.htm. 

http://dx.doi.org/10.3168/jds.2016-10327


182 Rheological and textural properties of goat's milk and mixture of goat's and cow's milk fruit yogurt  

Journal of Engineering Science  December, 2020, Vol. XXVII (4) 

24. Leistner L., Gould G.W. Hurdle Technologies, Combination Treatments for Food Stability, Safety and 
Quality. New York, Kluwer Academic/Plenum Publishers, 2002. 

25. Friedman H.H., Whitney J.E., Szcsesniak A.S. The Texturometer—a new instrument for objective texture 
measurement. J. Food Sci. 1963, 28: 390-396. 

26. Brookfield DV3T Viscometer Operating Instructions Manual No. M13-2100-A0415. 
27. Determination of the total solids content (Reference method). SM EN ISO 5534:2004/AC:2017 
28. Lee W. J., Lucey J. A. Impact of gelation conditions and structural breakdown on the physical and sensory 

properties of stirred yogurts. J. Dairy Sci. 89:2374-2385., J. Chen, and J.R. Stokes. Rheology and tribology: 
Two distinctive regimes of food texture sensation. Trends Food Sci. Technol, 2006, 2012 25: 4–12 

29. Benezech T., Maingonnat J.F. Characterization of the Rheological Properties of Yoghurt-A Review. Journal 
of Food Engineering, 1994, 21, 447-472.  

30. Djurdjević J. D., Maćej O. and Jovanović S. Viscosity of set-style yogurt as influenced by heat treatment of 
milk and added demineralized whey powder. Journal of Agricultural Sciences, 2002, Vol. 47, No 1, 45-56. 

31. Lee W. J, Lucey J.A. Formation and physical properties of yogurt. Asian-Aust. J. Anim. Sci., 2010, Vol. 23, 
No.9: 1127-1136. 

32. Bikker J.F., Anema S.G., Li Y., Hill J.P. Rheological properties of acid gels prepared from heated milk fortified 
with whey protein mixtures containing the A, B and C variants of beta-lactoglobulin. International. Dairy 
Journal, 2000, 10,  723-732. 

33. Haque A., Richardson R.K., Morris E.R. Effect of fermentation temperature on the rheology of set and stirred 
yogurt, Food Hydrocolloids, 2001, 15 (4-6). 593-602. 

34. Krstic T., Suvajdzic D. L. Maja J., et al. Different antimicrobial effects of raspberry depending on the method 
of active comopnents isolation. Food and Feed Reasearch, 2014, vol. 41, 125-130. 

35. Kavas G., H. Uysal S. Kiliç N. Akbulut Kesenkas H. Some properties of yoghurts produced from goat milk 
and cowgoat milk mixtures by different fortification methods. Pak. J. Biol. Sci., 2003, 6:1936–1939. 

36. Gomes J. J. L., Duarte A. M., Batista A. S. M., et al. Physicochemical and sensory properties of fermented 
dairy beverages made with goat's milk, cow's milk and a mixture of two milks. LWT Food Sci. Technol., 
2013, 54:18–24. 

37. Nushrat Hossain. Development of Improved Quality Yogurt in terms of Texture, Flavor, Food Value and Low 
Cost. Chapter 1.6, 1.8, 3.8, 2015. 

38. Bhat S. V., Deva A. M., Amin T. Physicochemical and textural properties of yogurt fortified with psyllium 
(Plantago ovate) husk. Journal of Food Processing and Preservation, 
2018, 42(2), e13425. https://doi.org/10.1111/jfpp.13425 

39. Han J., Britten M., St-Gelais D., Champagne C. P., Fustier P., Salmieri S., et al. Effect of polyphenolic 
ingredients on physical characteristics of cheese. Food Research International, 2011, 44, 494–497. 

40. Delikanli B., Ozcan T. (2017). Improving the textural properties of yogurt fortified with milk 
proteins. Journal of Food Processing and Preservation, 2017, 41(5). 

41. Espírito S., A., Perego P., Converti A., Oliveira M. Influence of milk type and addition of passion fruit peel 
powder on fermentation kinetics, texture profile and bacterial viability in probiotic yoghurts. LWT‐Food 
Science and Technology, 2012, 47(2), 393– 399. https://doi.org/10.1016/j.lwt.2012.01.038 

42. Ghendov-Moşanu A., Sturza R., Opriş O. et al. Effect of lipophilic sea buckthorn extract on cream cheese 
properties. Journal of Food Science and Technology, 2019, https://doi.org/10.1007/s 13197 -019-04094-w. 

43. Mudgil D., Barak S., Khatkar B. (2017). Texture profile analysis of yogurt as influenced by partially 
hydrolyzed guar gum and process variables. Journal of Food Science and Technology, 2017, 54(12), 3810–
 3817. https://doi.org/10.1007/s13197-017-2779-1. 

44. Tunick M. (2000). Rheology of Dairy Foods that Gel, Stretch, and Fracture1. Journal of Dairy Science, 2000, 
83(8), 1892–1898. https://doi. org/10.3168/jds.S0022-0302(00)75062-4. 

 
 

https://doi.org/10.1111/jfpp.13425
https://doi.org/10.1016/j.lwt.2012.01.038
https://www.researchgate.net/publication/335805712_Effect_of_lipophilic_sea_buckthorn_extract_on_cream_cheese_properties?_sg=W-HTAcYqwXhf__jfmOLTyNwnJjT52dmS0cXAlhjYk8junBbnPRgfKwr0JqY2JgM54RwAPDVCM_6-7A.8cn7ze6tls_M97ExFX5M-BihXUhxK-U6DJwPhxHE4gAi4Gv8bkpu9kxEOa8AGmk57MCTzbAvjTQrhyFpTwRKew&_sgd%5Bnc%5D=4&_sgd%5Bncwor%5D=2
https://www.researchgate.net/publication/335805712_Effect_of_lipophilic_sea_buckthorn_extract_on_cream_cheese_properties?_sg=W-HTAcYqwXhf__jfmOLTyNwnJjT52dmS0cXAlhjYk8junBbnPRgfKwr0JqY2JgM54RwAPDVCM_6-7A.8cn7ze6tls_M97ExFX5M-BihXUhxK-U6DJwPhxHE4gAi4Gv8bkpu9kxEOa8AGmk57MCTzbAvjTQrhyFpTwRKew&_sgd%5Bnc%5D=4&_sgd%5Bncwor%5D=2
https://doi.org/10.1007/s
https://doi.org/10.1007/s13197-017-2779-1


Journal of Engineering Science Vol. XXVII, no. 4 (2020), pp. 183 - 190 
Fascicle  Food Engineering ISSN 2587-3474 
Topic Food Technologies and Food Processes eISSN 2587-3482 

Journal of Engineering Science  December, 2020, Vol. XXVII (4) 

 

 
QUALITY PARAMETERS OF COLLAGEN CONTAINING RAW MATERIALS AND 

COURSES OF THEIR USE 
 

Liubov Voytsekhivska, ORCID ID: 0000-0001-7595-1845, 
Olena Franko, ORCID ID: 0000-0002-0060-4563, 

Yurii Okhrimenko, ORCID ID: 0000-0002-5910-1370, 
Sergii Verbytskyi*, ORCID ID: 0000-0002-4211-3789, 
Anna Gavrilenko, ORCID ID: 0000-0002-5928-8323 

 
Institute of Food Resources of NAAS, Ye. Sverstiuk St., 4а, Kyiv 02002, Ukraine 

*Corresponding author: Sergii Verbytskyi, tk140@hotmail.com 
 

Received: 10. 12. 2020 
Accepted: 11. 22. 2020 

 

Abstract. Quality parameters of stuffs, namely collagen containing minced meat (CMM) and 
collagen containing gel (CCG), obtained by processing of hen legs are presented in this 
work. The effect of the said characteristics upon finished meat products is investigated, 
recommendations for their use in technology of meat products are given. To achieve this 
goal, hen legs were processed according to a scheme providing for their two-stage 
processing by cooking in water at a temperature of (95 ± 5) ºС for 60 min, separation of the 
broth and subsequent mechanical separation of bones from the cooked legs on a press. 
CMM is the raw material crushed after separation and CCG is obtained by mixing CMM with 
broth in a ratio of 1: 1. An evaluation of the quality parameters of CMM and CCG let it 
conclude that they are a promising raw materials for the meat industry, containing a 
significant amount of total protein, collagen and possessing good sensorial characteristics. 
It was defined that the addition of 20% CMM or 20% CCG to minced meat influences the 
rheological parameters of the finished products: the final shear stress and elasticity in the 
samples with CMM show higher values than in the control; in the samples with GCC there 
was an increase in the elasticity index. It is concluded that it is important to establish a 
differential approach to the use of collagen-like raw materials in the composition of minced 
meat, which takes into account the peculiarities of the characteristics of CMM and CCG. The 
results obtained helped in developing recommendations upon the areas of CMM and CCG 
use in the technology of meat products. 

 

Keywords: collagen containing raw materials, collagen mince, collagen gel, hen legs, sensorial 
parameters, rheological parameters, chemical parameters, recommendations. 

 

Introduction 
The most important components of successful business of poultry farmers and 

poultry processing companies include deep processing of poultry meat, that is, setting up 
the production of such an assortment of poultry meat products, which allows rational use of 
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available raw materials and gives additional profits [1 - 4]. Animal processing waste is a 
valuable source of protein, used, in particular, for food purposes [5, 6], for the production of 
feed for farm animals and pets [7], etc.  

In particular, specialists of the meat processing industry pay great attention to 
finding new methods of processing secondary raw materials for their more efficient use in 
the production of high-quality meat products.  

Rational use of connective tissue proteins obtained from raw meat makes it possible 
to solve many issues of meat production: to compensate for the deficit of muscle protein 
resources, to reduce the cost of finished products (without reducing nutritional value) and 
to stabilize its quality while reducing the costs of beef, pork, lamb, etc. [8]. 

Collagen containing raw materials now account for up to three quarters of the 
available raw materials of meat processing enterprises in Ukraine. It is advisable to properly 
take advantage of the benefits of using these raw materials for food purposes, as evidenced 
by numerous sources. In particular, these questions are raised by scientists and specialists 
of scientifically developed, but densely populated countries, are constantly suffering from 
food shortages [9].  

These scientists and specialists prove the advantage of using the above-mentioned 
materials of industrial poultry processing for food production, instead of resource-intensive 
and problematic, in an ecological sense, disposal of these materials. This opinion is also 
confirmed in [10, 11]. 

Connective tissue components enrich foods with fibers, improve the functioning of 
the human digestive system, and can also absorb unwanted substances, therefore, 
biotechnological methods of complex processing of collagen raw materials are intensively 
developed to obtain environmentally friendly targeted products with specified quality 
parameters [12, 13].  

Collagen is the most important scaffold protein in living organisms of animal, plant, 
microbial and marine origin. The used animal raw materials, depending on the source of 
production, are characterized by different collagen content [13, 14].  

Collagens are homo- and heterotridimensional molecules composed of three 
polypeptide chains. The general term "collagen" encompasses a large group of proteins, 
which in vertebrates are composed of twenty different molecules or more than thirty 
genetically different polypeptide chains [15 - 17].  

It is known that the protein content in poultry skin is high (up to 21%), and most of 
this protein is collagen capable of affecting the functional properties of myofibril proteins 
at a high collagen concentration.  

Collagen can cause a decrease in the size (shrinkage) of semi-finished meat products 
(especially in the case of high-temperature processing), and can also affect the binding 
capacity of meat pieces in the formed products [18 - 20]. Excessive collagen content in food 
products can significantly change flavor and aroma ranges of products, providing 
undesirable "hard" taste. Collagen itself is not a separate component, but a mixture of 
proteins with similar polypeptide chains [21]. 
 Hen legs make up about 5% of the weight of a slaughtered bird. The gastronomic 
traditions of some nations tolerate their consumption after culinary preparation, although 
most are still discarded. Since hen legs contain a large amount of protein (mainly collagen), 
it is possible to turn them into valuable products, for example, gelatin or hydrolyzate, which 
can be used in pharmaceuticals, medicine, cosmetics or food industry [8, 10, 22].  
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Therefore, it is advisable to properly take advantage of the benefits of involving 
these raw materials in food production. 
 The increase in the use of collagen containing raw materials depends on its quality 
parameters, which can change while effected by various factors, which is confirmed by our 
own research [9, 23]. Unfortunately, the lack of systematized scientifically substantiated 
data on effective methods of processing hen legs and the functional and technological 
properties of the obtained collagen raw materials hinders the increase in the volume of 
procurement of such raw materials on an industrial scale and its rational use.  

According to the research results of many authors [24 - 26], it is known that the 
most suitable way of processing hen legs is to cook them in water, then to separate 
mechanically the flesh tissue from the bones. This method is considered to be the most 
promising for obtaining the final product from this raw material. 

So, the purpose of the work is to study the composition and properties of collagen 
raw materials obtained after processing of hen legs, and to determine possible directions of 
use of the said materials. 

 

Materials and methods 
The objects of research were collagen raw materials obtained after preliminary 

processing of hen legs, of two types: collagen mince or collagen gel, and meat products 
containing those. In general, the procedure for obtaining and processing of hen feet 
corresponds to that described in [17, 22, 27, 28]. 

To achieve this goal, the following research methods were used: 
- mass fraction of protein – according to DSTU ISO 937:2005 “Meat and meat 

products. Determination of nitrogen content (reference method)" [29]; 
- mass fraction of fat – according to DSTU 8380:2015 “Meat and meat products. 

Method of measurement of mass fraction of fat” [30]; 
- mass fraction of moisture – according to DSTU ISO 1442:2005 “Meat and meat 

products. Method for determination of moisture content (reference method)” [31]; 
- mass fraction of collagen – by the method using a standard preparation of 

oxyproline; 
- structural and mechanical indicators: ultimate shear stress, elasticity, shear stress – 

by the Universal Testing Machine SANS CMT 2503 (Shenzhen SANS Testing Co ltd, China) 
[20,32,33]; 

- sensorial assessment - according to a 5-point system [34, 35]. 
 

Results and discussion 
The flesh fraction of hen legs is represented by dense connective tissue.  
Therefore, the prospects of this raw material in the industrial processing should be 

based on preliminary treatment aimed at destroying the original structure and facilitating 
the removal of ballast parts (bones) in order to obtain a finished product that has a 
sufficient technological potential. 

After preliminary studies, a two-stage scheme for processing raw materials was 
proposed in order to obtain collagen raw materials of two types: minced meat and gel. 
 
 
 
 



186 L. Voytsekhivska, O. Franko, Yu. Okhrimenko, S. Verbytskyi, A. Gavrilenko  

Journal of Engineering Science  December, 2020, Vol. XXVII (4) 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Methods of processing hen legs. 
 

Collagen gel was obtained by mixing collagen mince with broth in a 1: 1 ratio. 
Results of the sensorial evaluation of CMM and CCG are given in Table 1, chemical 

parameters – in Table 2. 
Table 1 

Sensorial parameters 

Parameter 
Quality traits 

CMM CCG 
Appearance Opaque homogeneous stuff Opaque homogeneous stuff, 

retaining primary shape while 
cooled 

Consistency Loose Dense, elastic, does not break 
when pressed, easily cut, 
in the hot state – liquid 

Aroma and flavor Specific aroma of raw meats, neutral flavor 
Color From creamy to light beige 

 

Hen legs without rests of feathers and paws, washed in 
water of 18-20 ºС during 10-15 min 

 

Legs cutting into pieces of 2-3 cm 
 

Cooking in water. Temperature (95±5)ºС 
Duration – 60 min. 

 

Broth separation (straining) 
 

Mechanical separation of the cooked legs with a press 
 

Collagen containing raw materials 

 

Collagen containing 
minced meat (CCM) 

 

Collagen containing gel 
(CCG) 

 

Cooling to (4-6) ºC 
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Table 2 
Chemical parameters 

Parameter 
Mass fraction, % 

CMM CCG 
Protein 20.88 10.76 
Moisture 67.35 83.13 
Fat 10.86 5.75 
Collagen 5.24 3.84 
Ratio fat׃protein 1.001.87׃1.00 1.92׃ 

 

The data in Table 1 and Table 2 show that CMM and CCG are promising raw materials 
for use in a number of products for various purposes, while it is very important to apply a 
differentiated approach, taking into account the special properties of CMM or CCG, namely, 
consistency, moisture, fat and collagen content. 

The raw material obtained by two-stage processing of hen legs was evaluated from 
the point of view of compatibility and expediency of its use in minced meat. For this, 20% 
CMM or CCG was added to minced hen meat. In addition, 20% water was added to each 
sample. Then, the sausage casing was filled with minced meat samples and the obtained 
sausages were cooked in water of (95 ± 5) °С for 30 min. After cooling, the samples were 
evaluated for quality parameters. The evaluation results are presented in Table 3. 

 

Table 3 
Quality parameters of finished products 

Sample 

Parameter 
Shear 
force, 
kN/m2 

Ultimate 
shear stress, 

kN/m2 

Elasticity, 
kN/m2 

Sensorial value of 
consistency, 

points 
Control 20.65 86.80 100.21 3.0 
Experiment with 
CMM 

21.98 101.24 185.73 
5.0 

 
Experiment with 
CCG 

12.82 95.03 152.35 5.0 

 

It was determined that the sample using CMM does not differ significantly from the 
control in terms of the shear force. At the same time, parameters of ultimate shear stress 
and elasticity have higher values. This means that the addition of CMM thickens the 
product, indicates its possible influence on the formation of one of the main consumer 
characteristics of sausages with a dense structure, for example, semi-smoked ones. 

The sample with CCG is characterized by lower values of the shear force and 
ultimate shear stress than the two previous ones, but the elasticity parameter is quite high. 
That is, it can be expected that the addition of CCG to the minced meat composition will 
contribute to the formation of a more elastic structure of the product, which is important for 
such products as pates, sulzes and the like. 

It is assumed that the addition of CMM or CCG to the minced meat improves the 
water-holding and fat-absorbing capacity, affects the stability of the minced meat. This 
assumption is confirmed by the sensorial evaluation of the consistency of the products. In 
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the experimental samples, it was elastic and strong. The control sample had a loose 
consistency, the presence of fat and broth deposits under the casing was observed. 

The improvement in the consistency of the test samples in comparison with the 
control is due to the further disruption of bonds in the collagen molecule and an increase in 
the amount of gelling substances involved in the formation of a strong protein framework 
during heat treatment of the sausages. 

In general, it can be stated that the use of hen legs for the production of meat 
products is possible only if they are pretreated, which provides for the separation of flesh 
from bones. It should be noted that the method of obtaining CMM and CCG determines the 
directions of their further use, namely: 

- collagen containing meat mince is similar in chemical composition and structural 
characteristics to minced meat, therefore it is advisable to use it as a replacement for a part 
of raw meat in formulations of semi-smoked, cooked-smoked and cooked sausages, while 
its amount in smoked sausages can be from 20% to 30%, and in cooked – no more than 
(10-15)%. These limitations are associated with the likelihood of formation of too high 
density of cooked sausages, associated with the properties of collagen proteins. Collagen 
containing meat mince is recommended to be added at the stage of minced meat 
preparation for sausages along with other ingredients; 

- collagen containing gel has a lower nutritional value. However, its elastic, resilient 
structure in the cooled state allows being recommended as an additive in products that 
contain a lot of moisture and require an increased amount of gelling agents. These are 
sulzes, brawn, liver sausages and the like. It is recommended to add collagen gel at the 
stage of heat treatment of meat components included in the formulation of a specific 
product in the amount of 10% to 15%. 

 

Conclusion 
Taking into account the properties of the structure of hen legs, the most suitable way 

of processing them was determined to involve two stages: boiling in water at a temperature 
of (95 ± 5) °С and subsequent mechanical separation of flesh from bones. 

Collagen containing meat mince and collagen containing gel, which differ in chemical 
composition and collagen content, were obtained from the collagen containing raw 
materials. 

The effect of CMM or CCG in the amount of 20% in the composition of minced hen 
meat on the quality parameters of finished products has been determined. The obtained 
parameters of shear force, ultimate shear stress, elasticity, consistency of products indicate 
a positive effect of CMM and CCG on the consistency of meat products from minced meat. 

Taking into account the individual peculiarities of CMM and CCG, recommendations 
have been developed on the directions of their use in the technology of meat products. 
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Abstract. This work considers the sequence of steps for designing primers for real time 
qPCR analysis with SYBR® Green as fluorescent dye. For primer design, we used Primer-
Blast software. As an example, we design primers to fum6 gene, a member of fumonisin 
biosynthetic gene cluster. The importance of a balance between specificity and efficiency of 
primers obtained with the help of Primer-Blast software is discussed. Challenges of 
obtaining specific primers are considered, possible solutions are suggested. BLAST analysis 
of the primers is discussed, potential approaches to choosing an optimal primer pair are 
considered. The testing results of the designed primers to Fusarium verticillioides fum6 gene 
in real-time PCR reaction are shown. We used the designed primer pair in a qPCR reaction 
and analyzed the amplification curve and melting curve of the amplicon. The shape of the 
amplification curve reflects the kinetics of PCR reaction and gives some approximation 
about primer efficiency. Melt curve analysis gives the information on primer specificity, with 
a single melt peak corresponding to a single PCR amplicon. 

 

Keywords: Primer-BLAST, Primer3, qPCR, BLAST, Fusarium. 
 

Introduction 
Primer design is one of the most important factors determining the success and 

quality of quantitative real-time PCR analysis (qPCR). Precise and reliable quantification of 
the analyzed DNA depends to a large extend on the efficiency of the primers used. In 
general, PCR primers must meet a number of requirements, important for their performance 
in PCR reaction. It is especially true for the primers designed for qPCR analysis. Basically, 
qPCR principle is based on monitoring the amplification of the target DNA in the end of 
each amplification cycle by measuring the fluorescence of the reporter dye. So, when 
designing primers for qPCR, one should consider the reporter dye to be used in the reaction. 
The most commonly used fluorescent dyes for qPCR   analysis are: Molecular Beacon (Public 
Research Properties, Inc., USA), Scorpions® (Sigma-Aldrich, USA), SYBR® Green (Invitrogen, 
USA) and TaqMan® (Applied Biosystems, USA). One of the most commonly used reporter 
dyes is SYBR® Green. It is very easy to use and cost-effective. So, in the present work we 
focused on primer design for SYBR® Green – based qPCR analysis. SYBR® Green is an 
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intercalating dye which binds non-specifically to double-stranded DNA, and the resulting 
complex emits fluorescence which can be measures in the end of each amplification cycle. 
However, since the DNA-binding of this dye is non-specific, it will also bind to non-specific 
PCR products and primer dimers, and it will affect the quantification of the specific 
amplicon. So, the crucial requirements for primers used in qPCR reaction is their high 
specificity and low ability to for primer dimers. However, there is no need for expensive 
primer design software for SYBR® Green – based qPCR primer design, since there are 
several free instruments found in World Wide Web (www), which can help to design high 
quality primers[1 - 9]. 

 

Primer design 
For primer design, we use the program Primer-BLAST 

(https://www.ncbi.nlm.nih.gov/tools/primer-blast/), found on NCBI (National Center of 
Biotechnology  Information) site. It is easily available, free of charge, uses Primer3 program 
for primer search. Besides, there is BLAST program necessary for analysis of primer 
specificity with an access to a comprehensive database of sequenced DNA and RNA 
sequences available on this site. Besides, this program uses BLAST analysis simultaneously 
with primer design, which makes it possible to choose the most suitable primers already at 
the stage of primer search. More details on the advantages of  Primer-BLAS software are 
given elsewhere[4, 10].  

The success of a regular PCR depends largely on primers, which should be balanced 
between two parameters: specificity and efficiency. Specificity is important because, if 
primers are poorly designed, an undesirable non-specific amplification of the sequences 
present in the analyzed DNA can occur. Efficiency is also important for primer design. An 
efficient primer pair lead to doubling the amount of the amplicon after each PCR cycle. 
Most programs for primer design have the default conditions set for traditional PCR. This 
will help to choose primer pairs with an acceptable balance between specificity and 
maximal efficiency in traditional PCR, but they will not necessarily be the best choice for 
qPCR. For SYBR® Green –based qPCR   the specificity is of major importance, since the dye 
binds to any DNA, including non-specific fragments, and primer dimers. So, during qPCR 
primer design, some changes to default parameters suggested by Primer-BLAST software 
should be made, since the default parameters were optimized for traditional PCR.  

In this work we describe primer design to fum6 gene (a member of fumonisin 
biosynthetic gene cluster) of Fusarium verticillioides as an example. At 
https://www.ncbi.nlm.nih.gov/ site we choose nucleotide data base in front of the search 
line, and in the search line type Fusarium verticillioides fum6 gene and do the search. Then 
we find fum6 in search results, with NCBI registration number, for example, KF889190.1. 
We open this entry and save the sequence in FASTA format. At this point we follow with 
primer design using Primer-BLAST software. We open the software and either paste the 
nucleotide sequence, or open the saved file with the nucleotide sequence, or enter the 
reference number KF889190.1 in the field PCR Template (figure 1). Then we edit PCR product 
size. By default, there is 70-1000 nucleotides in this field. This number should be changed 
for 80-150 nucleotides. The optimal amplicon would have a size of ∼120 b.p. As a rule, the 
amplicons of 80–200 b.p. are acceptable; however longer amplicons result in less efficient 
results of qPCR.  
   

https://www.ncbi.nlm.nih.gov/tools/primer-blast/
https://www.ncbi.nlm.nih.gov/
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Figure 1. The screen of Primer-BLAST. 
 

We usually change Primer melting temperature (Tm) to 60ºС – Min, 61ºС – Opt, 63ºС – 
Max. Primer melting temperature (Tm) – is a temperature at which hybridize 50% of primer 
and its complementary template. Usually, primers with melting temperatures between 60°С 
and 67°С, and optimal melting temperatures Tm from 62°С to 64°С. The difference between 
Tm of forward and reverse primers should be no more than 1-2 °С. Theoretically, it is 
possible to make a larger temperature range for primers, for example, 60-68°С, but we 
prefer to have all primers with similar melting temperature. In this case, different primers, 
specific to different genes, can be used in a single PCR run, which makes the analysis easier 
and faster.  
 At this page, one can additionally indicate the region on the template for Forward 
and Revers primers, in case it is necessary to specify where to look for the primers. It is 
possible to enter own nucleotide sequence of previously designed primer in the field my 
own primer, if it is necessary to use the existing primer and find a pair for it. It can be useful 
to tick the box Show results in a new window. All other parameters on this page can remain 
with default settings. Then, we open the tab Advanced parameters. In this tab, in the field 
Max GC in primer 3´ end, the value is changed from 5 to 2. The increase of this parameter 
will result in a faster and stronger binding of the primer with the template and increase 
primer efficiency. However, such an increase in binding efficiency in primer 3´ end will 
decrease primer specificity, and this parameter is of crucial importance in case of using 
SYBR® Green dye. So, it is better to start primer search from the value 2, and increase this 
value only in case the program cannot find any primers satisfying this condition. 

Max Self Complementarity. Max Pair Complementarity. Primer Self Complementarity or 
primer pair Complementarity, especially at 3 ' end of the nucleotide are not recommended 
to exceed the values 2 - 3. Primer ends should not complement each other, since it will 
result in primer dimers. Sometimes it is inevitable, when Primer3 does not suggest primer 
list. In this case, its recommended gradually, with a step on 1 nucleotide, to increase this 
value. We also change the value 8 to 5 in the sections Self Complementarity and Pair 
Complementarity in other fields (Any) primers. 



194 V. Mitin, I. Mitina  

Journal of Engineering Science  December, 2020, Vol. XXVII (4) 

Generally, the above changes are necessary for qPCR primer search. Naturally, 
Primer3 software is capable of selecting primer search conditions for a lot more parameters 
for primer optimization, this information is given in more details elsewhere[11, 12].  After 
selecting the conditions for primer design, we push the button Get Primers and wait for the 
program to suggest primers. In the end of the process, Graphical view of primer pairs and 
Detailed primer reports (figure2) appear on the screen. The give the diagram of the position 
of primer pair on the template and the detailed information of the suggested primers for 
Fusarium verticillioides fum6 gene. 

 

 

Figure 2. Graphical view of primer pairs and Detailed primer reports. 
 

 Next important stage of primer design is BLAST analysis 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_
LOC=blasthome) of the primers, suggested by  Primer-BLAST software. The goal of this 
analysis is the choice of the most appropriate primer pair both by primer characteristics and 
their specificity. Blast analysis makes it possible to choose the primer pairs recognizing the 
maximal number of sequenced sequences of a gene (inclusivity) on one hand, and minimal 
number of other unrelated sequences which these primers might recognize (specificity). For 
BLAST[13 - 15] analysis, in the field Enter accession number(s), gi(s), or FASTA sequence(s) 
we introduce the primer sequence and hit the BLAST button. It is useful to tick the box 
Show results in a new window. The value Max target sequences equals 100 by default. 
However, if the number of sequenced entrees is close to 100 of more, it is better to increase 
the number of Max target sequences, by opening Algorithm parameters and choosing the 
appropriate number not exceeding Number of Hits, which indicate the number of sequenced 
entrees with 100% homology. The value of the Number of Hits appears on the tab Taxonomy. 
 After primer design and their synthesis, an important step is in vitro testing of the 
primers. First step, is using the designed primer pair in a qPCR reaction and analyzing the 
amplification curve and melting curve of the amplicon. Figure 3 shows the results of the in 
vitro testing of the primer pair to Fusarium verticillioides fum6 gene. Amplification graph 
(Figure 3a) reflects the kinetics of PCR reaction and shows the increase in the fluorescence 
after each PCR cycle. The shape of the curve and its slope gives some approximation about 

https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome
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primer efficiency. For precise determination of the efficiency of the primer pair, PCR of 
serial dilutions of the template DNA is necessary. Melt curve analysis (Figure 3b) gives the 
information on primer specificity, with a single melt peak corresponding to a single PCR 
amplicon.  

 

 
Figure 3. Amplification (Figure 3a) and Dissociation (Figure 3b) curves obtained with one of 

the described pairs of primers and DNA of wheat grain infected with Fusarium. 
 

Conclusion 
The above procedure of primer design for qPCR is at most simplified, however, it is 

effective for designing primers suitable for qPCR in SYBR® Green-based applications. An 
important problem for primer design issue is a choice of the gene suitable for obtaining 
efficient and specific primers. In this case, literature search and analysis of the genes 
commonly used for primer design can be helpful. Besides, the problems can appear in 
obtaining specific primers, Alignment of the sequenced sequences of the gene of choice, 
selection of specific gene regions and design of primers using these specific regions can 
facilitate the task of primer design. 
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Abstract. In the age of big data and machine learning the costs to turn the data into fuel for 
the algorithms is prohibitively high. Organizations that can train better models with fewer 
annotation efforts will have a competitive edge. This work is an overview of techniques of 
varying complexity and novelty for supervised, or rather weakly supervised learning for 
computer vision algorithms. The paper starts describing various methods to ease the need 
for a big labeled dataset with giving some background on supervised, weakly-supervised 
and then self-supervised learning in general, and in computer vision specifically. The paper 
describes the importance of these methods in fields such as medical imaging and 
autonomous driving. 

Keywords: knowledge distillation, knowledge transfer, self-supervised learning, semi-supervised 
learning, weakly-supervised learning. 

Rezumat. În epo ca  Big  Da ta  și a  în văț ă rii  a utomat e de vin e to t mai  costisit o r de  a  co n verti 
da te le în  co mbustibil pen tru a lgo rit mi. Org a n iz a țiile ce sun t ca pa bile de  a  crea  mod ele 
a lgo ritmi ce mai  perfo rman te  ce po t a dn ota  da te le cu efo rt min im față  de co n curen ți  a u un 
a van taj  co mpetitiv majo r. Lu cra rea da tă  prez intă  un  a n samblu de te hnici  de  co mplex it a te și 
n o uta te vari a bilă  pen tru a lgo ritmi  cu în vățare superviz a tă  pen tru proble me de  vede re 
a rtif ici a lă . A rtico lul în cepe cu de scrierea  di feri to r meto de ce po t ușura  n ecesitatea de a avea 
un  set mare  de  da te a dn o tate  prin  prez en ta rea  câ to rva te hn ici ba z a te  pe în văța re 
superviz a tă,  semi-superviz a tă  și a uto-superviza tă . Ulte rio r sun t de scrise  di feri te setu ri de 
da te  tra di țio n a l uti liz a te pen tru a  esti ma performan ța  a cesto r algoritmi. Pe parcurs articolul 
de scrie impo rta n ța  a cesto r metode  pen tru a semen ea do menii  ca  imag isti ca medi ca lă și 
co n du cere  a uton o mă. 

Cuvinte cheie: distilare de cunoștințe, transfer de cunoștințe, învățare supravegheată, învățare 
semi-supravegheată, învățare slab supravegheată. 

Introduction 
With the advent of deep learning the number of organizations and practitioners who 

think that they can solve problems using it also grows [1]. Deep learning algorithms 
normally require vast amounts of labeled data, but depending on the domain it is not 
always possible to have a well-annotated huge dataset, just think about healthcare. 

DOI: 10.5281/zenodo.4298709 
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In recent years deep learning on visual data has become one of the hottest 
subdomains of machine learning, especially given such well-recognized tasks as the 
ImageNet Large Scale Visual Recognition Challenge (ILSVRC)[2], PASCAL VOC challenges 
[3], and KITTI benchmark suite [4]. Image recognition is of paramount importance in 
medical image analysis, self-driving cars technologies, and other implementations. Deep 
learning works extremely well on this kind of tasks, but on the flip side, it requires vast 
amounts of carefully annotated data to work properly. The process of data annotation is at 
least mundane and slow, but sometimes also very expensive because the costs for one or 
several subject matter experts can be prohibitively high. Also, depending on who does the 
annotation, it can be prone to under-representation of groups/classes in the population, 
leading to biases in the data which are hard to solve afterward. 

This is the reason why numerous attempts and techniques have evolved in recent 
years to try to reduce the data volume requirements for the algorithms. In this work, we will 
cover the whole spectrum, starting from the simplest techniques like data augmentation or 
transfer learning, and ending with self-supervised learning. Also, active learning and few-
shot learning techniques will be briefly discussed. 

Neural networks are a class of machine learning algorithms that are very prone to 
overfitting, due to them being over-parametrized [5], that is having more parameters than 
necessary. 

A s a  result,  if  th ere isn ’t en o ug h  da ta  to  lea rn  fro m,  th ey  w ill sta rt memori z ing ,  wh ich 
is undesired. 

Starting with simple methods like knowledge transfer the paper describes several 
knowledge distillation techniques and ends with the latest methods from self- and semi-
supervised methods like Unsupervised Data Augmentation (UDA) [6], MixMatch [7], Snorkel 
[8] and adding synthetic tasks to the learning model, thus touching the multi-task learning
problem too.

Methods like few-shot learning and active learning are only briefly described to give 
a holistic view of the problem. Some prominent datasets and their properties are then 
described. Finally, the paper is closed with conclusions. 

Knowledge Transfer 
One of the simplest and oldest techniques is to use so-called transfer learning, a 

basic type of knowledge transfer between tasks, where an existing, pre-trained model is 
fine-tuned to be used on downstream tasks (see Figure 1). Transfer learning is considered to 
work so well because of the hierarchical nature of the learned representations in the neural 
networks.[9] Starting from simple edge representations and moving on onto more complex 
shapes, neural networks can re-use a lot of these, therefore needing data only to fine-tune 
for a given task. 

As a rule of thumb, if having more data or the data distribution of the task at hand is 
not close to the distribution of the pre-training task, for example, the task of interest is 
medical image analysis and the pre-training task is ImageNet, then more final layers should 
be retrained, and is recommended to also fine-tune the whole network with a significantly 
lower learning rate.[10] For smaller datasets or tasks close to the original pre-training task, 
usually, the last layer is sufficient to retrain. 

Transfer learning has been successfully used in medical image analysis [11] and 
various data science competitions. 
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Figure 1. General view of the Transfer Learning process where the left hand side shows the 
required pre-trained neural network and the right hand side the fine-tuning process. 

Data augmentation 
Data augmentation is not a tool to solve the lack of data, but it can work as one. It 

enables us to reuse an existing dataset with a sometimes minor increase of risk of 
overfitting. In a sufficient data setting, it also acts as a regularizer, by changing the aspect 
o f th e da ta  w it ho ut a lterin g  it ’s mea n in g,  th us mak in g  it  less likely  fo r th e mach in e lea rnin g 
model to memorize unimportant details about the data. It is, of course, important to 
remember that some techniques must not be used depending on the original data. Data 
augmentation must not alter the label(s) of a data point by altering the data point itself. 

For computer vision, data augmentation techniques are probably the most developed 
among modalities. Classic methods are based on rotation, translation and scale 
manipulations, sometimes shear is used too. Another set of techniques are based on color 
space manipulation like color inversion, whitening, color shift or changes in brightness (see 
Figure 2, right). More recently, a transformation method named Cutout [12] was proposed 
and seem to work fine. Cutout is based on occlusions of images (see Figure 2, left). Also, 
more and more papers present methods that automatically discover optimal data 
augmentation procedures for a given problem. 

Figure 2. (Left) An example of applying the Cutout augmentation to an image. Source: 
github.com/xkumiyu/numpy-data-augmentation. (Right) A sample of possible data 

augmentation schemes. Source: github.com/aleju/imgaug. 
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Knowledge Distillation 
Although this was initially a technique for model compression, and not explicitly 

designed to alleviate the need for a big dataset, it works by using a pre-trained, teacher 
model to transfer knowledge into a smaller, student network.[13] Assuming a combination 
of this technique, lots of unlabeled data, and data augmentation, it is possible to obtain a 
small yet sufficiently good student network on the final task. This approach is based on the 
so-called Data Distillation[14]. Also, there seems to be interest in using the teacher model 
to give noisy labels for unlabeled parts of datasets, thus entering the realm of weakly-
supervised and semi-supervised learning [15]. 

Model Distillation 
Model distillation, as a type of knowledge distillation, requires at least one teacher 

model, which is a bigger model that is already trained and a smaller, student model. The 
student tries to predict a softened version of the outputs of the bigger model, or ensemble 
of models. High temperature in softmax is commonly used as a way to soften the 
predictions from the teacher model (see Python code below). 

# np stands for numpy linear algebra library 
def softmax(x, temperature=1): 

return np.exp(x / temperature) / np.sum(np.exp(x / temperature)) 

By doing so the student model, as stated by Hinton et al, learns not just the true, or mostly 
true  o utput s,  but a lso  th e “da rk” kn o w ledg e of th e te a cher mod el,  h idde n  “represe n ta tio n s” 
encoded into the teacher model during its training. 

Data Distillation 
Another, more recent way of knowledge distillation is the so-called Data Distillation 

[14], where instead of an ensemble of teacher models just one would suffice. The additional 
information is taken from applying augmentations on the available data. In principle, such a 
model could work even with unlabeled datasets (see Figure 3). 

Figure 3. The diagram shows conceptually what components are employed in the Data 
Distillation [14] process. 
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Weakly-supervised and Semi-supervised methods 
Weakly-supervised learning is an umbrella term for techniques that use datasets that 

are either partially labeled, commonly known as semi-supervised learning, with noisy 
labels, known in the literature as inaccurate supervision, or with coarse-grained labels, also 
known as inexact supervision [16]. A very popular tool called Snorkel can be attributed to 
the second type of weakly-supervised learning. 

In Semi-supervised learning, unlabeled examples provide regularization and a hint to 
the underlying distribution of the data. There is a couple of assumption that makes it 
possible to leverage the unlabeled dataset. These are (1) Continuity assumption, (2) Cluster 
assumption, and (3) Manifold assumption. 

Continuity assumption states that points that are close to each other are more likely 
to share a label. In the case of semi-supervised learning, the smoothness assumption 
additionally prefers decision boundaries in low-density regions, that is, few points are close 
to each other but in different classes. 

Cluster assumption states that the data tends to form clusters, and points in the 
same cluster are more likely to share a label. Also, note that data points that share a label 
may be spread across multiple clusters. This is a special case of the smoothness assumption 
and gives rise to feature learning with clustering algorithms. 

The assumption that data lie approximately on a manifold of much lower dimension 
than that of the input space is called manifold assumption and is a widespread assumption 
in machine learning in general. In the case of semi-supervised learning the manifold, based 
on both the annotated and unlabeled data points, can avoid the curse of dimensionality, 
because of the possibility to limit the search space of the problem. 

The simplest Semi-supervised technique is called Pseudo-Labeling. The core idea is 
simple. Having a partially annotated dataset, first, train a model using the labeled part of 
the dataset, then, if it performs fairly well, use it to label the unlabeled part of the dataset. 
Once done, combine both and retrain the model. Of course, it might be the case that the 
pseudo-labels are actually wrong, so keep in mind that this is just a heuristic. Anyway, most 
of the time it works. 

Two recent and most prominent solutions for semi-supervised learning are MixMatch 
[7] and Unsupervised Data Augmentation [6]. These two techniques combine labeled and
unlabeled data in a clever way. Namely, both bootstrap part of their training set by
classifying unlabeled data and combining loss functions.

Snorkel 
Sno rke l [8 ] is a  to o l d evelo ped a t Sta n fo rd Uni versit y ’s DA WN L a bo ra tory ,  w hich  a ims 

to leverage unlabeled data using low-quality supervision signal based on some heuristics 
and constraints. That is, to use Snorkel, the user has to provide some functions, probably 
developed with the help of subject matter experts, that must give a label for a given data 
point based on some heuristic, rule of thumb. After that, the system aggregates the 
predictions from these labeling functions and trains a generative model that estimates the 
correlation and accuracy of these functions and outputs a probabilistic label made of the 
weighted predictions of labeling functions. It does so by identifying the agreement between 
fun ctio n s’ output s. In th e end,  th e sy stem uses proba bilistic labels to  tra in  a fina l, 
discriminative model. 
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Authors specify that for labeling functions several methods can be used. Not only 
heuristics but also interactions with knowledge bases and usage of other machine learning 
models trained on different datasets is possible. 

MixMatch 
MixMatch [7] is a recent algorithm that combines a number of techniques in order to 

build a useful prior from unlabeled data such that subsequently, the model will require 
fewer annotated examples. Stochastic data augmentation is applied to an unlabeled image 
a number of times, and each augmented image is fed through the classifier. Then, the 
avera g e of th ese  predi cti o n s is “sha rpened ” by  a dj usti ng  th e di stributio n ’s te mpera ture  (see 
Figure 4). Besides, MixMatch uses a regularization technique called MixUp [17] that using 
convex combinations of both inputs and labels promotes strictly linear behavior between 
ex a mples. It req ui res th a t th e mod el’s o utput fo r a  co n vex  co mbinati o n  o f two  in puts is 
close to the convex combination of the output for each individual input. 

An example of code for the MixUp regularization, using Pytorch library, is shown 
below. 

# y1, y2 should be one-hot vectors 
for(x1, y1), (x2, y2) in zip(loader1, loader2): 

lam = numpy.random.beta(alpha, alpha) 
x = Variable(lam*x1 + (1. - lam)*x2) 
y = Variable(lam*y1 + (1. - lam)*y2) 
optimizer.zero_grad() 
loss(net(x), y).backward() 
optimizer.step() 

Figure 4. The MixMatch algorithm as described in the original paper [7]. 

Unsupervised Data Augmentation 
Another recent approach towards efficient learning with little annotated data comes 

from Google and is called Unsupervised Data Augmentation, UDA [6] for short. UDA, just 
like MixMatch uses data augmentation to its advantage. In the case of UDA, a combined 
loss of cross-entropy, for labeled data, and a consistency loss applied to a pair of the 
original unlabeled example, and its randomly augmented variant (see Figure 5). The 
consistency loss is based on the KL-divergence. This scheme proves to be efficient in using 
the unlabeled part of the dataset. UDA applies simpler data augmentation schemes to the 
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labeled examples too. In the original paper, authors apply UDA not only to vision problems 
but also to text, consistently achieving superior results. 

Figure 5. The description of the UDA technique as of the original paper [6]. 

Self-supervised learning 
It is possible to bootstrap a supervision signal out of an unlabeled dataset by trying 

to predict parts of it, or some features for example. This approach is called self-supervised 
learning. 
Thus without explicit labels self-supervised learning makes a seemingly unsupervised 
learning problem into a supervised one. For example, the prediction of affine 
transformations applied on an image is a technique initially regarded as unsupervised pre-
tra in ing  [18 ],  an d it’s auth o rs a rg ue d th a t by  do in g so, th e mod el is fo rced to  lea rn  o n ly 
features that vary slightly. Such features are significant and can be easily used to 
discriminate between classes. More recently, such tasks as solving a jigsaw puzzle, coloring, 
filling of cropped regions are used for self-supervised learning for neural networks acting 
on image input.[19] In case of a video signal common methods are trying to order frames or 
learn the optical flow in some way. 

A robust way to ensure an even stronger supervision signal for a task with little 
labeled data is to combine tasks during training [19], thus forcing a model to learn features 
that are transferable between tasks and therefore significant for the classes in the dataset. 
For example, combining several self-supervised tasks with the main classification task. 

Datasets 
Caltech 256 dataset 
Released in 2006, the Caltech 256 dataset [20], by Griffin, Holub, and Perona, is an 

image-based dataset consisting of more than 30000 images of 256 classes. It is considered 
an improvement to its predecessor, the 2003 Caltech 101 dataset, due to the increased 
number of classes and more cluttered images, making it harder to learn. With the number of 
images per class ranging between 80 and more than 800 images, with 119 on average it 
proves to be quite challenging. 

CIFAR datasets 
The CIFAR-10 and CIFAR-100 [21] are labeled subsets of the 80 million tiny images 

dataset. They were collected by Alex Krizhevsky, Vinod Nair, and Geoffrey Hinton. They are 
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almost an omnipresent benchmark for computer vision deep learning algorithms. Both 
CIFAR-10 and CIFAR-100 have 60000 images, 50000 for training and 10000 for validation, 
and they differ only by the number of available classes. CIFAR-100 is a refinement of CIFAR-
10 with those 100 classes being grouped into 20 superclasses. Each image comes with a 
"fine" label (the class to which it belongs) and a "coarse" label (the superclass to which it 
belongs). 

PASCAL VOC 2007 
PASCAL VOC [3] datasets are primarily used for object detection and segmentation 

tasks. The 2007 dataset is made up of 20 classes and the data has been split into 50% for 
training/validation and 50% for testing. The distributions of images and objects by class are 
approximately equal across the training/validation and test sets. In total there are almost 
10000 images, containing almost 25000 annotated objects. 

STL-10 dataset 
The STL-1 0  [22 ] da taset’s prima ry  a pplica tio n s,  o utlined  by it s auth o rs, a re fo r 

developing unsupervised feature learning, deep learning, and self-taught learning 
algorithms. It based on ImageNet dataset, and is inspired by the CIFAR-10, namely has 10 
classes but with only 500 training labeled images, and 800 more test images (see Figure 6). 
A set of 100000 unlabeled examples is provided to learn image models prior to supervised 
training. These are extracted from a similar but broader distribution of images than the 
base dataset. It contains other types of related classes in addition to the ones in the labeled 
set. The primary challenge posed by the authors is to make use of the unlabeled data, with 
a similar but different distribution, to build a useful prior. By increasing the resolution of 
the examples to 96x96 pixels, they also expect it to be a challenging benchmark for 
developing more scalable unsupervised learning techniques.  

Figure 6. A sample of the STL-10 dataset [22] representing images for all ten classes in it. 
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ImageNet dataset 
The ImageNet project [2], first presented by Fei-Fei Li in 2009 at CVPR, is a large 

visual database which design was inspired by the WordNet taxonomy, for use in visual 
object recognition software research. It is made of more than 14 million images, which were 
hand-annotated using Amazon Mechanical Turk service, and for at least 1000000 images, 
bounding boxes are also provided. ImageNet contains more than 20,000 categories, out of 
which 1000 non-overlapping categories are part of the trimmed down to 1000000 images 
dataset used since 2010 in the ImageNet Large Scale Visual Recognition Challenge (ILSVRC) 
competition. The deep learning saw an upheaval starting 2012 when the AlexNet model 
won ILSVRC with a 10.8% error difference with the runner up. 

Caltech-UCSD Birds (CUB) 200 dataset 
Especially popular in the active learning community, the CUB-200 [23], the 2011 and 

2010 editions, the dataset is a very challenging one due to the closeness of the classes in it. 
It is made of about 7000 and 12000 images for 2010 and 2011 years versions respectively 
and consists of 200 different species of birds (see Figure 7), mostly from North America. 

Figure 7. A sample of the CUB-200-2011 dataset [23]. 

iNaturalist 2018 dataset 
In recent works on semi-supervised and self-supervised learning, a new dataset has 

been used, the dataset from the iNaturalist 2018 Kaggle challenge. The iNaturalist Species 
Classifi ca ti on  an d Detecti o n  Da ta set’s [2 4 ] auth o rs a rg ue  th a t to  adva n ce the co mputer 
vision discipline we need datasets that are more aligned with the real-world conditions. 
Their approach consists of collecting over 850000 images of plants and animals, from over 
5000 categories, made with different types of cameras and in different illumination 
conditions. Moreover, there is a big class imbalance present in the dataset which drastically 
affects existing neural networks results on it. The authors observed poor results specifically 
for classes with small numbers of training examples, suggesting more attention is needed 
in low-shot learning to achieve decent results on this dataset. 

Final words on datasets 
In general, for low-shot learning, we need specially designed datasets. Of course, a 

small number of images per class is necessary, but to truly test algorithms capabilities, we 
need these images to have varying quality and made in different real-world conditions. 
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Also, having an ImageNet like dataset, with a well-ordered taxonomy, could be further used 
in tasks requiring efficient knowledge transfer between tasks, another important direction 
towards true AI. 

Active learning 
Active learning means having a human in the loop that will interactively label the 

data points classified with low confidence by some model. The assumption for this kind of 
learning is that fixing low certainty data points can quickly increase the predictive power of 
a  cla ssifi er. It’s a rather handy way to bootstrap a dataset. For a good overview of the 
technique see [25]. 

Few-shot learning 
Few-shot learning is posed as a problem of how to learn a class from very few 

examples, sometimes even from one example. It is mostly a problem of model parameter 
initialization, a meta-learning approach, or as a problem of matching classes/instances. The 
field is broad and existing techniques are rarely used in practice (yet). For a survey on 
various approaches within the few-shot learning technique see [26]. 

Conclusions 
Most of the time a combination of techniques works best. Also, one should always 

keep in mind that some methods cannot be used due to problem constraints, for example in 
case of data augmentation. Most techniques outlined above still require a lot of data, but 
this time unlabeled, thus alleviating the expenses and time requirements to label it. Some 
other problems are still out there, mostly regarding privacy or representability. 

No method outlined above can work in extremely low data setups, like a few 
samples per class. They all require at least tens to hundreds of labeled samples, depending 
on the hardness of the problem. For this kind of problem, few-shot learning is the only way. 
This paper does not go into few-shot and one-shot learning, because this is another huge 
sub-domain, with a scope a bit different from the one of weakly-supervised and self-
supervised learning. 

The general trends in empowering algorithms to use less labeled data are multi-task 
learning, self-supervision and relying on existing representations. Combining these three 
methods it is possible to design machine learning systems that learn efficiently and give a 
competitive edge. 

Another problem needed to be solved to accelerate the development of new data-
efficient algorithms is the lack of proper benchmarks and datasets. Of course, there is STL-
10 and CUB-200 datasets, but this is not enough. The new iNaturalist dataset is a move in 
the right direction concerning the design of datasets closely resembling real-world 
scenarios. 
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