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OPTICAL ANISOTROPY AND BIREFRINGENCE OF CuAlS2 CRYSTALS
Alisa Maşnic1*, Victor Zalamai2, Veaceslav Ursaki2
Technical University of Moldova, Stefan cel Mare pr. 168, Chisinau, MD-2004 Republic of Moldova
National Center for Materials Study and Testing, Technical University of Moldova, Chisinau, MD-2004 Moldova
*Corresponding author: Alisa Mașnic, alisa.masnic@tlc.utm.md
1

2

Received: 27.03.2021
Accepted: 06.05.2021

Abstract. Optical spectra were investigated in a spectral range of (300 - 700) nm for CuAlS2
single crystals. Transmission and wavelength modulated transmission spectra demonstrated
presence of some impurity absorption bands in the region of optical transparency of
crystals. Optical functions (real and imaginary components of the dielectric function,
refractive index and extinction coefficient) have been calculated from the optical reflection
spectra by means of the Kramers-Kronig relations. A strong anisotropy and birefringence
have been revealed for CuAlS2 crystals. Two isotropic points have been found in (100)
oriented platelets around 380 nm and 530 nm. The position of the isotropic point around
530 nm was found to be strongly influenced by the technological conditions of crystal
growth and platelet thickness, it being situated at 535 nm for a platelet with thickness of
223 µm. An optical band-pass filter was constructed with such a platelet placed between
two Gran-Thompson prism crossed polarizers.
Keywords: transmission spectra; optical constants; birefractive effects; AIBIIICVI2 chalcopyrite
compounds; isotropic point.
Abstract. Spectrele optice au fost investigate într-un interval spectral de (300 - 700) nm
pentru monocristale CuAlS2. Specrele de transmisie și spectrele de transmisie modulate
după lungimea de undă au demonstrat prezența unor benzi de absorbție a impurităților în
regiunea transparenței optice a cristalelor. Funcțiile optice (componente reale și imaginare
ale funcției dielectrice, indicele de refracție și coeficientul de extincție) au fost calculate din
spectrele de reflexie optică prin intermediul relațiilor Kramers-Kronig. O anizotropie
puternică și birefringența au fost descoperite pentru cristalele de CuAlS2. Au fost depistate
două puncte izotrope în plachetele orientate (100) în jur de 380 nm și 530 nm. Poziția
punctului izotrop în jurul valorii de 530 nm sa dovedit a fi puternic influențată de condițiile
tehnologice de creștere a cristalelor și grosimea plachetelor, fiind situată la 535 nm pentru
o plachetă cu grosimea de 223 µm. Un filtru optic de tip band-pass a fost construit cu o
astfel de plahetă plasată între două polarizatoare încrucișate cu prismă Gran-Thompson.
Cuvinte cheie: spectre de transmisie, constante optice, efecte birefringente, AIBIIICVI2 compuşi
calcopiriţi, punct izotrop.
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https://doi.org/10.52326/jes.utm.2021.28(2).02
UDC 669.15-194.56:620.178.16

EFFECT OF FRICTION ON THE MICROMECHANICAL PROPERTIES OF AISI 316L
AUSTENITIC STEEL
Daria Grabco1*, ORCID: 0000-0002-4319-367X,
Constantin Pyrtsac1,2, ORCID: 0000-0002-7775-237X,
Daria Topal1, ORCID: 0000-0003-1960-47471,
Olga Shikimaka1, ORCID: 0000-0003-4055-3761
Institute of Applied Physics, Chisinau, Moldova Republic
Technical University of Moldova, Chisinau, Moldova Republic
*Corresponding author: Daria Grabco, grabco@mail.ru
1

2

Received: 17.04.2021
Accepted: 10.05.2021

Abstract. In this paper, we investigate the possibility of using the friction method for
modifying the microstructure and mechanical properties in the near-surface regions of AISI
316L austenitic steel specimens for the purpose of its practical application. It is shown that
a region of severe plastic deformation arises near the friction surface, which transforms the
initial fine-grained polycrystalline steel structure into a homogenized zone consisting of a
deformed structure with plastic slip bands and weakly pronounced grain boundaries. The
change in the microscopic structure resulte in an increase in this zone of values of
micromechanical characteristics, such as microhardness (H), Young's modulus (E), plasticity
index (H/E) and resistance index (H3/E2). The obtained results are of interest for the
potential use of AISI 316L steel in medicine.
Keywords: AISI 316L steel, friction, microstructure, strength and plasticity parameters.
Rezumat: În această lucrare se investighează posibilitatea utilizării metodei de frecare
pentru modificarea microstructurii și a proprietăților mecanice în regiunile apropiate de
suprafața probelor de oțel austenitic AISI 316L în scopul aplicării lor practice. Se arată că o
regiune de deformare plastică severă apare lângă suprafața de frecare, care transformă
structura inițială din oțel policristalin cu granulație fină într-o zonă omogenizată constând
dintr-o structură deformată cu benzi de alunecare plastică și limite slab pronunțate ale
granulelor. Schimbarea structurii microscopice are ca rezultat o creștere în această zonă a
valorilor caracteristicilor micromecanice, cum ar fi microduritatea (H), modulul Young (E),
indicele de plasticitate (H/E) și indicele de rezistență (H3/E2). Rezultatele obținute prezintă
interes pentru utilizarea potențială a oțelului AISI 316L în medicină.
Cuvinte cheie: Oțel AISI 316L, frecare, microstructura, parametri de rezistență și plasticitate.
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UDC 004.93

TARGET RECOGNITION BASED ON CENTRAL AND LOGARITHMIC CENTRAL
IMAGE CHORD TRANSFORMATIONS
Veaceslav Perju*, ORCID ID: 0000-0002-7755-4277
Department of Defense and Security Agency for Military Science and Memory
47 Tighina Str., Chisinau, MD-2001, Republic of Moldova
*vlperju@yahoo.com
Received: 27.04.2021
Accepted: 05.06.2021

Abstract. Object recognition is of great importance for many civil and military applications
and supposes the identification and classification of the object in real-time, regardless of
spatial position, angular orientation, etc. In the article, the methods of central and
logarithmic central image chord transformations are described. The system for invariant
object recognition and space parameters determination was developed based on the
proposed image chord transformation operations, which is of a multiprocessor functionally
distributed architecture, in which various modules implement separate image processing
operations, and allows to recognize the objects regardless of their position, scale, or
rotation, and to determine the parameters for targeting The model of a data processing
flow in the system was elaborated to permit the determination of the signal processing
stages which can be realized in parallel. An analytical estimation and analysis of the
system’s data processing time and throughput is carrying out. The approach of the system’s
optimization was applied and allows to decrease the total data processing time by 24.5
times and increase the system’s throughput by 75 times.
Keywords: image, chord, transformation, recognition, system, processor, optical.
Rezumat. Recunoașterea obiectelor este de o importanță majoră în multiple aplicații civile
și militare și presupune identificarea și clasificarea obiectului în timp real indiferent de
poziția spațială, orientarea unghiulară etc. În articol sunt descrise metodele de transformare
centrală și logaritmică centrală a coardelor imaginii. Este elaborat sistemul de recunoaștere
invariantă a obiectelor și determinare a parametrilor spațiali pe baza operațiunilor de
transformare a coardelor imaginii. Sistemul reprezintă o arhitectură multiprocesor
funcțional distribuită, în care diferite module implementează operațiuni separate de
procesare a imaginilor și permite recunoașterea obiectelor indiferent de poziția lor, scară
sau rotație și determină parametrii pentru direcționare. A fost elaborat modelul de
transmitere a datelor în sistem care permite determinarea etapelor de procesare realizate în
paralel. A fost efectuată o estimare și analiză analitică a timpului și a productivității de
procesare a datelor în sistem. A fost aplicată metoda de optimizare a sistemului, ce a adus
la micșorarea timpului total de procesare a datelor de 24,5 ori și la creșterea productivității
sistemului de 75 de ori.
Cuvinte cheie: imagine, coardă, transformare, recunoaștere, sistem, procesor, optic.
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https://doi.org/10.52326/jes.utm.2021.28(2).04
UDC 331.41:629.34(662.6)

ERGO - EVALUATION OF URBAN BUS DRIVER’S WORKSTATIONS IN SOUTH
WEST NIGERIA
Salami O. Ismaila1, ORCID: 0000-0002-9875-8594,
Samson A. Odunlami2, ORCID: 0000-0002-4838-6542,
Sidikat I. Kuye3, ORCID: 0000-0002-0286-1539,
Adekunle I. Musa4*, ORCID: 0000-0002-4998-507X,
Adeniyi Olayanju5, ORCID: 0000-0002-4771-1171
Department of Mechanical Engineering, Federal University of Agriculture Abeokuta, Nigeria
2
Department of Mechanical Engineering, Federal Polytechnic, Ilaro, Nigeria
4
Department of Mechanical Engineering, Moshood Abiola Polytechnic,, Abeokuta, Nigeria
5
Department of Agricultural and Bio-Resources Engineering, landmark University, Omu Aran. Nigeria
*Corresponding author: Adekunle I. Musa, musa.adekunle@mapoly.edu.ng
1,3

Received: 28.03.2021
Accepted: 20.04.2021

Abstract. This study evaluated the ergonomic performance of drivers’ workstations in southwest
Nigeria. Fifty urban buses selected from ten brands were investigated by direct measurement.
The buses were mini-A and midi-B. Vertical and horizontal distances of the seat reference point
to the pedal and steering wheel, with the seat dimensions were considered. The anthropometric
dimensions of 150 male bus drivers were taken from South-west Nigeria. The results revealed
that the values for driver’s seat height from the cabin floor, seat backrest height, seat shoulder
level width and low back width were 44.00-50.00cm, 53.00-58.15cm, 40.00-50.00cm and 40.15cm respectively as against 39.15-43.00cm, 38.75-49.49cm, 34.60-43.59cm and 45.7353.25cm respectively in the urban bus workstations. It is concluded that the drivers’ workstations
in the urban buses were not ergonomically fit for the bus drivers since the anthropometric
dimension of the Nigerian male bus drivers were not considered in the designing of the buses.
Keywords: Anthropometric, Ergonomics, Workstation, Drivers’, Urban, Buses, Nigeria.
Rezumat. Acest studiu a evaluat performanța ergonomică a stațiilor de lucru ale șoferilor din sudvestul Nigeriei. Cincizeci de autobuze urbane selectate din zece mărci au fost investigate prin
măsurare directă. Autobuzele erau mini-A și midi-B. Au fost luate în considerare distanțele
verticale și orizontale ale punctului de referință al scaunului la pedală și volan, cu dimensiunile
scaunului. Dimensiunile antropometrice a 150 de bărbați șoferi de autobuz au fost preluate din
sud-vestul Nigeriei. Rezultatele au arătat că valorile pentru înălțimea scaunului șoferului de la
podeaua cabinei, înălțimea spătarului scaunului, lățimea umărului scaunului și lățimea scăzută a
spătarului au fost de 44,00-50,00cm, 53,00-58,15cm, 40,00-50,00cm și - 40,15cm respectiv față
de 39,15 -43,00cm, 38,75-49,49cm, 34,60-43,59cm și respectiv 45,73-53,25cm în stațiile de lucru
ale autobuzelor urbane. Se concluzionează că stațiile de lucru ale șoferilor din autobuzele urbane
nu erau potrivite ergonomic pentru șoferii de autobuz, deoarece dimensiunea antropometrică a
șoferilor bărbați nigerieni nu a fost luată în considerare la proiectarea autobuzelor.
Cuvinte cheie: antropometric, ergonomic, stație de lucru, șoferi, urban, autobuze, Nigeria.
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UDC 004.056

TRUST- BASED MODELING MAC-TYPE ACCESS CONTROL THROUGH ACCESS
AND ACTIONS CONTROL POLICIES
Marcel Danilescu, ORCID: 0000-0002-6561-7955,
Victor Beșliu*, ORCID: 0000-0001-7265-903X
Universitatea Tehnică a Moldovei, Bd. Ştefan cel Mare, 168, Chisinău, Republica Moldova
*Corresponding author: Victor, Beșliu, victor.besliu@ati.utm.md
Received: 03.07.2021
Accepted: 05.06.2021

Abstract. In recent decades, the number of researches on access control and user actions in
computer systems has increased. Over time, there have been two models of implementing
Mandatory Access Control (MAC) policies for government institutions and Discretionary
Access Control (DAC) for the business environment, policies that various access control
modeling solutions seek to implement. Among the access control modeling solutions
developed are Role-Based Access Control (RBAC) and Attribute-Based Access Control
(ABAC), presented in the U.S.A. by the National Institute of Standard and Technology (NIST).
In Romania, in 2010, the access control solution based on trust was presented. This paper
presents Mandatory Access Control policy modeling using the trust-based access and
actions control modeling solution.
Keywords: domain, objects, organizations, relation, rules, security, users.
Rezumat. În ultimele decenii numărul cercetărilor privind controlul accesului și acțiunilor
utilizatorilor în sistemele informatice a crescut. De-a lungul timpului, au existat două
modele de implementare - politici de tip MAC (Control Obligatoriu al Accesului) pentru
instituțiile guvernamentale și de tip DAC (Control Discreționar al Accesului) pentru mediul
de afaceri; politici pe care diferite soluții de modelare a controlului accesului urmăresc să le
implementeze. Printre soluțiile de modelare a controlului accesului dezvoltate se numără
Controlul accesului bazat pe roluri (RBAC) și Controlul accesului bazat pe atribute (ABAC),
prezentate de Institutul Național de Standardizare și Tehnologie (NIST, SUA). În România, în
2010, a fost prezentată soluția de control al accesului bazată pe încredere. Această lucrare
prezintă modelarea politicilor de control obligatoriu al accesului utilizând soluția de
modelare a controlului accesului și a acțiunilor bazată pe încredere.
Cuvinte cheie: domeniu, obiecte, organizații, relație, reguli, securitate, utilizatori.
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PETRI NETS MODELING FOR SDN TOPOLOGIES
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Abstract. The article examines some new algorithms and focuses mainly on suggesting new
working topologies for software-defined controllers in order to ensure SDN security and to
prevent the occurrence of a potential central point of failure (SPOF) by overcoming the
centralization problem. This is a positive feature of the SDN structure, but could also be a
threat, caused by the use of several controllers in different working topologies. This article
focuses on exactly one of the suggested topologies, which features and models based on
the Petri Nets system. The usual topology of a single controller is compared to verify the
advantages and privileges of the proposed serial topology over the existing one. The paper
tries to obtain a formula from the modeling of the serial topology and its advantages over
the usual topology and that formula will be used to measure the level of security or the
defense capacity of the network defined by the software against cyber attacks; in particular,
denial of service attacks / distributed denial of service attacks / DDoS.
Keywords: blockchain, east-westbound API, GSPN, hydra, petri nets, RSA, virtual private network.
Rezumat. Articolul analizează câțiva algoritmi noi și se concentrează în principal pe
sugerarea unor noi topologii de lucru pentru controlerele definite de software în vederea
asigurării securității SDN și pentru a preveni apariția unui potențial punct central de eșec
(SPOF) prin depășirea problemei de centralizare. Aceasta este o caracteristică pozitivă a
structurii SDN, dar ar putea reprezenta și o amenințare, cauzată de utilizarea mai multor
controlere în topologii de lucru diferite. Acest articol se concentrează exact pe una dintre
topologiile sugerate, care prezintă caracteristici și modele în baza sistemul Petri Nets. Este
comparată topologia obișnuită a unui singur controler pentru a verifica avantajele și
privilegiile pe care le are topologia serială propusă față de cea existentă. Lucrarea încearcă
să obțină o formulă din modelarea topologiei seriale și a avantajelor acesteia față de
topologia obișnuită și acea formulă va fi utilizată pentru a măsura nivelul de securitate sau
capacitatea de apărare a rețelei definite de software împotriva atacurilor cibernetice; în
special, atacuri de refuzare a serviciului / Atacuri distribuite de refuzare a serviciului / DDoS.
Cuvinte cheie: blockchain, API est-vest, GSPN, hidra, rețele Petri, RSA, rețea privată virtuală.
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SOME RELIABILITY ASPECTS OF MEMS AND NEMS MANUFACTURING
Titu-Marius I. Băjenescu*, ORCID ID: 0000-0002-9371-6766
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Abstract. A full understanding of the physics and statistics of the defect generation is
required to investigate the ultimate reliability limitations of manufacturability of MEMS and
NEMS. In order that the user can include electronic components in circuits to achieve errorfree and reliable functional units, assemblies or devices, must he has understood the mode
of operation of these components. Only knowledge of their parameters and special
properties allows, according to data sheet specifications and manufacturer's documents the
optimal components for a specific application, to select. Both for the analysis of electronic
circuits and for circuit dimensioning are knowledge of the structure and function of the
used components of semiconductor electronics absolutely necessary.
Keywords: Failure mode, failure mechanism, failure analysis,
semiconductor, crystallographic defects.

wafer-level reliability

Rezumat. In articol sun examinate limitele de fiabilitate ale fabricării MEMS și NEMS din
punct de vedere al fizicii și statisticilor de generare a defectelor. Pentru ca utilizatorul să
poată implica componente electronice în circuite pentru a realiza unități funcționale,
ansambluri sau dispozitive fără erori și fiabile, trebuie să fi înțeles modul de funcționare al
acestor componente. Numai cunoașterea parametrilor și a proprietăților speciale permite, în
conformitate cu specificațiile fișei tehnice și documentele producătorului, să selecteze
componentele optime pentru o anumită aplicație. Atât pentru analiza circuitelor electronice,
cât și pentru dimensionarea circuitelor, este absolut necesară cunoașterea structurii și
funcției componentelor utilizate ale electronicii cu semiconductori.
Cuvinte cheie: mod de eșec, mecanism de eșec, analiză de eșec, fiabilitate la nivel de
conjunctură semiconductoare, defecte cristalografice.
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ABOUT THE NECESSITY TO DETERMINE THE TECHNICAL CONDITION OF
BUILDINGS OF STRATEGIC IMPORTANCE IN UNGHENI DISTRICT FROM
REPUBLIC OF MOLDOVA
Ion Rusu*, ORCID: 0000-0002-7507-638X,
Ion Crețu, ORCID: 0000-0003-3174-2536
Technical University of Moldova, 168, Stefan cel Mare Bd., Chisinau, Republic of Moldova
*Corresponding author: Ion Rusu, ion.rusu@dmmc.utm.md
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Abstract. This paper deals with the need to determine the technical condition of strategic
buildings, blocks of flats, which are in a precarious condition as well as engineering
networks located within the Ungheni district. The article refers to the real present
situation of buildings and housing stock from Ungheni municipality, including their periods
of commissioning. Current research methods of buildings are exposed, being listed their
advantages and disadvantages.
Keywords:

hazard risk, engineering networks, methods, technical expertise, cracks,
consolidation.

Rezumat. Această lucrare tratează necesitatea de a determina starea tehnică a clădirilor
strategice, a blocurilor, care sunt într-o stare precară, precum și a rețelelor de inginerie
situate în districtul Ungheni. Articolul se referă la situația reală actuală a clădirilor și a
fondului locativ din municipiul Ungheni, inclusiv perioadele de punere în funcțiune a
acestora. Sunt expuse metodele actuale de cercetare a clădirilor, fiind enumerate avantajele
și dezavantajele acestora.
Cuvinte cheie: risc de pericol, rețele de inginerie, metode, expertiză tehnică, fisuri, consolidare.
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THE USE OF GEOGRAPHIC INFORMATION SYSTEM FOR FLOOD PREDICTIONS
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Abstract. The article examines the issue of using geographic information systems (GIS) and
WEBGIS technologies to predict areas likely to be flooded. Probabilistic flood hazard maps
(0.5%, 0.1% and 1% flood risks) were used, obtained from a model installation in an area
subject to flood risk, in this case, the municipality of Ungheni in the Republic Moldova,
which has been flooded in the past. The application of GIS technologies is necessary to
prevent floods affecting households, infrastructure and to minimize its effects. For this
purpose, were analyzed the previous floods that occurred in the region. Also were applied
and overlaid thematic digital maps such as Land Use, river network, DTM, Delineation
Methodology of water bodies which represents the transposition of the EU Water
Framework Directive 2000/60/EC and at the end were uploaded on an ESRI Web GIS
platform http://www.dbga.md/siga.html. The Coordinate system used here was WGS-84.
Keywords: geographic information systems, WEBGIS, flood risk, Digital Elevation Model, water
body.
Rezumat. Articolul examinează utilizarea sistemelor de informații geografice (GIS) și a
tehnologiilor WEBGIS pentru a prezice zonele cu probabilitate de a fi inundate. Au fost
utilizate hărți probabilistice de pericol de inundații (0,5%, 0,1% și 1% Riscuri de inundații),
obținute de la o instalație model într-o zonă supusă riscului de inundații, în acest caz,
municipalitatea Ungheni din Republica Moldova, care a fost inundată în trecut. Aplicarea
tehnologiilor GIS este necesară pentru a preveni inundațiile care afectează gospodăriile,
infrastructura și pentru a minimiza efectele acesteia. În acest scop, au fost analizate
inundațiile anterioare care au avut loc în regiune. De asemenea, au fost aplicate și
suprapuse hărți digitale tematice, cum ar fi utilizarea terenului, rețeaua fluvială, DTM,
metodologia de delimitare a corpurilor de apă, care reprezintă transpunerea Directiveicadru a apei UE 2000/60/CE și, în final, au fost încărcate pe o platformă ESRI Web GIS
http://www.dbga.md/siga.html. Sistemul de coordonate utilizat aici a fost WGS-84.
Cuvinte cheie: sisteme de informații geografice, WEBGIS, risc de inundații, model digital de
înălțime, corp de apă.
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REPLACEMENT OF NATURAL AGGREGATES USED IN ROAD STRUCTURES WITH
STEEL SLAG
Ion Chiricuță*, ORCID ID: 0000-0002-8788-1191
Technical University of Moldova, 168, Ștefan cel Mare Bd., MD-2004, Chișinău, Republic of Moldova
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Abstract. This work facilitates the application of modern technologies for road construction,
by using steel slag instead of natural stone aggregates. This procedure will result in a
significant decrease in the cost of works (slag, being an industrial waste, is much cheaper
than natural aggregate). In the same time, the use of slag aggregates can result in
protection of the environment, by eliminating slag storage spaces and by preserving the
natural environment (extraction of natural aggregates may disturb groundwater and
intensify erosion etc). Marshall stability, flow index and bulk density were determined for
both kinds of aggregates, in order to find if the steel slag can safely replace the natural
aggregates. By comparing the experimental results obtained for the two kinds of
aggregates, it was confirmed the possibility of successfully using of steel slag as a
substitute for natural aggregates in the base layer of a road structure.
Keywords: aggregate, environment, replacement, road structures, steel slag.
Rezumat. Această lucrare facilitează aplicarea tehnologiilor moderne pentru construcția
drumurilor, prin utilizarea zgurii de oțelărie în locul agregatelor din piatră naturală. Această
procedură conduce la o scădere semnificativă a costului lucrărilor - zgura, fiind un deșeu
industrial, este mult mai ieftină decât agregatele naturale. În același timp, utilizarea
agregatelor din zgură poate avea ca rezultat protejarea mediului, prin eliminarea spațiilor
de depozitare a zgurii și prin conservarea mediului natural, deoarece extracția agregatelor
naturale poate perturba apele subterane și intensifica eroziunea etc. Stabilitatea Marshall,
indicele de curgere și densitatea în vrac au fost determinate pentru ambele tipuri de
agregate, pentru a stabili dacă zgura de oțelărie poate înlocui în siguranță agregatele
naturale. Prin compararea rezultatelor experimentale obținute pentru cele două tipuri de
agregate, s-a confirmat posibilitatea utilizării cu succes a zgurii de oțelărie ca înlocuitor
pentru agregatele naturale în stratul de bază al unei structuri rutiere.
Cuvinte cheie: agregate, mediu, înlocuire, structuri rutiere, zgură de oțelărie.
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Abstract. An analysis of global statistics shows a substantial increase in flood damage over
the past few decades. With the recent transition to a more risk-based approach in European
flood management policy, flood analysis models have become an important part of flood
risk management. In many cases, flood damages are extensive to the environment, to the
economy and also socially. According to the priority development trend "Infrastructure and
Environment", Ungheni district of Republic of Moldova (RM) aims for an efficient
infrastructure, based on environmental protection, whose development, operation and
maintenance will be done using of a database, protocols, existing guides and accessible to
the level of each local public administration. In the last decade, projects have been
implemented in Moldova to study the phenomenon of floods in order to develop structural
and non-structural measures to protect localities. This article aims is to systematize the
existing knowledge and characteristics of the methods available to give operational
recommendations and principles that can support authorities, local entities, and the
stakeholders involved in decision-making with regard to flood risk management in their
compliance with the Floods Directive (2007/60/EC), national and local legal framework.
Keywords: flood risk, GIS, flood risk management, flood Directive, hydraulic modelling, Flood
Risk Assessment (FRA), SWOT analysis.
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Rezumat. O analiză a statisticilor globale arată creșterea substanțială a daunelor cauzate de
inundații în ultimele decenii. Odată cu trecerea la o abordare bazată pe risc în politica
europeană de gestionare a inundațiilor, modelele de analiză a inundațiilor au devenit o
parte importantă a gestionării riscului de inundații. RM este predispusă la diferite tipuri de
pericole naturale, inclusiv secetă, inundații, vreme severă, cutremure și alunecări de teren.
Ploile abundente duc la inundații frecvente, la care sunt expuse o mare parte din zonele
țării. Conform tendinței prioritare de dezvoltare „Infrastructură și mediu”, raionul Ungheni
își propune o infrastructură eficientă, bazată pe protecția mediului, a cărei dezvoltare,
funcționare și întreținere se va face folosind o bază de date, protocoale, ghiduri existente și
accesibile la nivelul fiecăruia administrația publică locală. În ultimul deceniu, au fost
implementate proiecte în vederea dezvoltării unor măsuri structurale și nestructurale pentru
protecția localităților. Acest articol își propune să sistematizeze cunoștințele și
caracteristicile existente ale metodelor disponibile pentru a oferi recomandări și principii
operaționale în sprijinul autorităților, entităților locale și altor părți implicate în luarea
deciziilor în ceea ce privește gestionarea riscului de inundații, în conformitate cu Directiva
privind inundațiile (2007/60 / CE), cadrul juridic național și local.
Cuvinte cheie: risc de inundații, GIS, gestionarea riscului de inundații, modelare hidraulică,
evaluarea riscului de inundații (FRA), analiza SWOT.
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DIGITAL TECHNIQUES FOR WATER POLLUTION CONTROL
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Abstract. This paper is a detailed description and analysis of the most popular techniques
digital for water quality control nowadays. It is illustrated how these techniques can be
applied to solve problems that have arisen as a result of water pollution of aquatic
ecosystems in different countries of the world. The advantages and disadvantages of using
dynamic simulation software tools are presented and are based on an analysis of their
operation. For each software product are highlighted the water quality parameters that can
be simulated. It also presents the analysis of software products regarding the type of
simulated aquatic ecosystem, as well as spatiotemporal modelling. The realization of these
techniques is based on mathematical models. The development of digital techniques at the
regional level may take into account certain characteristics specific to a particular aquatic
ecosystem. The models can only cover a limited number of pollutants. In the process of
selecting the parameters for the model, pollutants must be chosen which are a concern in
themselves and which would also represent a wider set of substances that cannot be
modelled in detail. Although the digital techniques examined to provide a particularly
accurate estimate of water quality, the behaviour of pollutants in aquatic ecosystems remains
an area of active and current research.
Keywords: pollutants, river, simulation model, software package, water quality.
Rezumat. Lucrarea reprezintă o descriere și o analiză detaliată a celor mai cunoscute în
prezent tehnici digitale pentru evaluarea calității apelor. Este prezentat modul în care aceste
tehnici pot fi aplicate pentru rezolvarea problemelor, apărute în rezultatul poluării apei
ecosistemelor acvatice în diferite state ale lumii. Se prezintă avantajele și dezavantajele
utilizării instrumentelor software de simulare dinamică, în baza analizei modului de
funcționare al acestora. Pentru fiecare produs software se evidențiază parametrii de calitate a
apei care pot fi simulați. De asemenea se prezintă analiza produselor software privind tipul
de ecosistem acvatic simulat, precum și modelarea spațio-temporală. La baza realizării
acestor tehnici stau modelele matematice. Dezvoltarea tehnicilor digitale la nivel regional
poate ține cont de anumite caracteristici specifice unui ecosistem acvatic anume. Modelele
pot acoperi doar un număr limitat de poluanți. În procesul de selectare a parametrilor pentru
model, trebuie aleși poluanții care reprezintă o preocupare în sine și care de asemenea, ar
reprezenta un set mai larg de substanțe care nu pot fi modelate în detaliu. Deși tehnicile
digitale examinate oferă o estimare deosebit de exactă a calității apei, comportamentul
poluanților în ecosistemele acvatice rămâne a fi încă o zonă de cercetare activă și actuală.
Keywords: poluanți, râu, model de simulare, pachet software, calitatea apei.
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EFFECTS OF NATURAL BIOACTIVE COMPOUNDS ON MICROBIAL SAFETY AND
QUALITY OF DAIRY PRODUCTS
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Abstract. Dairy products are susceptible to contamination by foodborne pathogenic and spoilage
microorganisms, which can result to a reduced shelf life of products as well as risks to the
consumers’health. This determines the possible use of preservatives in the manufacturing process
of dairy products. Consumers require healthy food, free of synthetic preservatives, looking for
natural alternatives to ensure food safety. Just for this reason, natural ingredients are receiving
increasing attention as substitutes for synthetic additives. Currently, research is focusing on the
identification of natural antimicrobial agents, especially from plants such as fruits, vegetables,
herbs and spices, as they contain significant amounts of compounds with antimicrobial activity. In
addition, plants contain bioactive compounds, which could provide health benefits in preventing
many diseases. This review aims to discuss the impact of natural antimicrobials on foodborne
pathogenic and spoilage microorganisms in products, the antimicrobial efficacy of plant extracts
and essential oils and the impact of their incorporation on the sensory characteristics of dairy
products such as yogurts, cheeses, butter and ghee.
Keywords: spoilage, foodborne pathogen, natural antimicrobial, plant extracts, essential oil, shelf-life.
Rezumat. Produsele lactate sunt alimente care pot fi contaminate ușor cu microorganisme
patogene și de alterare, ceea ce determină reducerea perioadei de valabilitate a acestor produse,
precum și la creșterea riscurilor pentru sănătatea consumatorilor. Aceasta implică utilizarea
conservanților în procesul de fabricare a produselor lactate. Consumatorii pun accentul pe
alimente sănătoase, fără conservanți sintetici, căutând alternative naturale pentru a garanta
siguranța produselor. Prin urmare, ingredientele naturale pot fi utilizate ca înlocuitori ai aditivilor
sintetici. În prezent, cercetările se concentrează pe identificarea agenților antimicrobieni naturali,
în special din plante, cum ar fi fructele, legumele, ierburile și condimentele, deoarece conțin
cantități semnificative de compuși cu activitate antimicrobiană. În plus, plantele conțin compuși
bioactivi, care ar putea oferi beneficii pentru sănătate în prevenirea mai multor boli. Acest articol
prezintă o sinteză cu privire la impactul agenților antimicrobieni naturali asupra
microorganismele patogene și de alterare din produse, eficiența antimicrobiană a extractelor de
plante și a uleiurilor esențiale, precum și impactul încorporării acestora asupra caracteristicilor
senzoriale ale produselor lactate precum iaurturile, brânzeturile, unt și unt topit.
Cuvinte cheie: microorganisme de alterare, patogene, agent antimicrobian natural, extracte din plante,
uleiuri esențiale, perioada de valabilitate.
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Abstract. The aim of the research is to develop new bakery products with increased
functional value by adding ingredients from the biomass of Spirulina platensis. High quality
wheat flour (P1), oatmeal (P2) and whole wheat flour (P3) sticks were formulated with the
addition of 3% S2 preparation based on spirulina, thus increasing the bioavailability of the
active components in microalgae. It was established that the addition of S2 preparation in
sticks results in an increase in the total polyphenol content by 41.67% in the P2 samples of
oatmeal sticks and by 56.17% in the P3 samples of whole wheat flour. The addition of S2
leads to a decrease in the content of reducing sugars by up to 2.56% in P1, by 2.50% in P2
and by 2.19% in P3 compared to the control. In sticks with the addition of S2, the fat
content of cyanobacterial origin increases by almost 3.2% in sample P1, by 4.4% in P2 and
by 6.0% in P3 compared to the control samples. The research results show that the use of
the preparation based on Spirulina pl. contributes to increasing the nutritional value of
flour products through the increased intake of amino acids, fatty acids of cyanobacterial
origin, minerals, vitamins and bioactive substances, which are missing in conventional
products, consumed daily. The S2 preparation based on microalgae, rich in pigments chlorophylls, carotenes and phycocyanins with beneficial properties for health, could be
used as a natural food dyes.
Keywords: antioxidants, microalgae biomass, pigments, bakery products, bioactive substances,
nutritional value, reducing sugars.
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Rezumat. Scopul cercetării constă în elaborarea produselor făinoase cu valoare funcțională
crescută prin adaos de ingrediente din biomasă de Spirulina platensis. Au fost formulate
sticksuri din făină de grâu de calitate superioară (P1), făină de ovăz (P2) și făină de grâu
integrală (P3) cu adaos de 3 % de preparat S2 pe bază de spirulină, astfel fiind mărită
biodisponibilitatea componentelor active din microalge. S-a stabilit că adăugarea de
preparat S2 în sticksuri are ca urmare o creștere a conținutului total de polifenoli cu 41,67
% în probele P2 de sticksuri din făină de ovăz și cu 56,17 % în probele P3 din făină de grâu
integrală. Adaosul de S2 duce la micșorarea conținutului de zaharuri reducătoare cu până la
2,56 % în P1, cu 2,50 % în P2 și cu 2,19 % în P3 față de martor. În sticksurile cu adaos de S2
creste conținutul de grăsimi de origine cianobacteriană cu aproape 3,2 % în proba P1, cu 4,4
% în P2 și cu 6,0 % în P3 comparativ cu probele martor. Rezultatele cercetărilor
demonstrează că utilizarea preparatului pe bază de Spirulina pl. contribuie la sporirea valorii
nutriționale a produselor făinoase prin aportul sporit de aminoacizi, acizi grași de origine
cianobacteriană, minerale, vitamine și substanțe bioactive, care lipsesc în produsele
convenționale, consumate zilnic. Totodată, preparatul S2 pe bază de microalge, bogat în
pigmenți – clorofile, caroteni și phycocyanine cu proprietăți benefice pentru sănătate, ar
putea fi utilizat drept colorant alimentar natural.
Cuvinte cheie: antioxidanți, biomasă de microalge, pigmenți, produse făinoase, substanțe
bioactive, valoare nutrițională, zaharuri reducătoare.
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THE INFLUENCE OF DISTILLATION METHODS ON THE FLAVOR PROFILE AND
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Abstract. The article examines the geographical area delimited for the production of the
Divine and the specific characteristics and physical-geographical conditions of the Călărași
vineyard through the prism of different methods of distillation and production of wine
distillates. Technological regimes for distilling wine raw materials and organoleptic and
physico-chemical indices such as: alcohol content, optical density, pH, aldehyde content,
higher alcohol content and volatile acid content are scientifically argued. The quality
indicators were determined for both wines and distillates obtained at the 'Charente' batch
plant and the 'VAND-M-0' plant. The impact of the distillation method on the quality and
production process of the wine distillate is evaluated.
Keywords: aroma compounds, distillation methods, grape varieties, physico-chemical indices
wine distillates.
Rezumat. Articolul examinează aria geografică delimitată pentru producerea Divinului și
caracteristicile specifice și condițiile fizico-geografice ale podgoriei Călărași prin prisma
diferitor metode de distilare și producere a distilatelor de vin. Sunt argumentate științific
regimurile tehnologice de distilare a materiilor prime ale vinurilor și indicii organoleptici și
fizico-chimici precum: conținutul de alcool, densitatea optică, pH-ul, conținutul de aldehide,
conținutul de alcooli superiori și conținutul de acizi volatili. Indicatorii de calitate au fost
determinați atât pentru vinuri, cât și pentru distilatele obținute la instalarea cu funcționare
discontinuă „Charente” și la instalația cu funcționare continuă „VAND-M-0”. Este evaluat
impactul metodei de distilare asupra calității și a procesului de producție a distilatului de
vin.
Cuvinte cheie: compuși aromatici, metode de distilare, soiuri de struguri, indici fizico-chimici
distilate de vin.
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Abstract. Optical spectra were investigated in a spectral range of (300 - 700) nm for CuAlS2
single crystals. Transmission and wavelength modulated transmission spectra demonstrated
presence of some impurity absorption bands in the region of optical transparency of
crystals. Optical functions (real and imaginary components of the dielectric function,
refractive index and extinction coefficient) have been calculated from the optical reflection
spectra by means of the Kramers-Kronig relations. A strong anisotropy and birefringence
have been revealed for CuAlS2 crystals. Two isotropic points have been found in (100)
oriented platelets around 380 nm and 530 nm. The position of the isotropic point around
530 nm was found to be strongly influenced by the technological conditions of crystal
growth and platelet thickness, it being situated at 535 nm for a platelet with thickness of
223 µm. An optical band-pass filter was constructed with such a platelet placed between
two Gran-Thompson prism crossed polarizers.
Keywords: transmission spectra; optical constants; birefractive effects; AIBIIICVI2 chalcopyrite
compounds; isotropic point.
1. Introduction
AIIBVI compounds are widely used in electronic, optoelectronic and photonic devices
[1, 2]. AIBIIICVI2 compounds can be considered as an extension of the zincblende AIIBVI
materials from the point of view of their crystal structure, they being an alternative stack of
two zincblende cells with two cations AI and BIII instead of the AII cation. This results in a
non-centro symmetrical structure with anisotropy of optical properties. Particularly, especial
interest presents the birefringence inherent to these materials, making them suitable for
the developments of optical filters [3 - 12], in addition to their use in solar cells [13 - 15],
light-emitting devices [16, 17], photo catalysis [18, 19] and nonlinear optics [20].
It should be noted that optical activity is inherent to most of the birefringent
crystals. According to the crystal symmetry, 15 point groups of crystal from the total
amount of 32 ones exhibit optical activity, and only two of these 15 point groups with
optical activity do not exhibit birefringence [21]. Therefore, the chalcopyrite crystals
belonging to the - 42 m point group have both birefringence and optical activity. Usually,
the phase difference induced by birefringence is much larger as compared to the phase
difference caused by optical activity.
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Some of AIBIIICVI2 chalcopyrite compounds are suitable for the fabrication of band
pass or band elimination filters with narrow enough band. The existence of accidental
isotropy and isotropic wavelengths at which the ordinary and extraordinary refractive
indexes are equal to each other is a necessary condition for uniaxial anisotropic crystals to
be suitable for the preparation of such filters. Particularly, band elimination filters are very
useful for applications in Raman spectroscopy, allowing one measuring of Raman scattering
at frequencies much closer to the excitation line, even with single monochromators, instead
of using much more expensive double or triple monochromators. Particularly, optical band
pass filters on the basis of optically active uniaxial crystal of AgGaSe2 were proposed for
Raman spectroscopy with AlGaAs semiconductor lasers [7 - 10].
Horinaka et al. proposed a criterion of applicability of chalcopyrite semiconductors to
optical line elimination filters on the basis of the analysis of contribution of anisotropy of
transition intensity to birefringence [22]. It was found that the effect of the lowest direct
band-gap Eg to the birefringence is proportional to Eg-1.5. On the other hand, the
birefringence at longer wavelengths is influenced by the average effect of various bad-gaps,
and it depends on the lattice strain (1-c/2a). The compounds were divided into three groups
according their position on a plot of Eg-1.5vs– (1 -c/2a). The compound located at small
values of Eg-1.5 and large values of (1 -c/2a)were suggested to have a high probability of
possessing accidental isotropic wavelength. According to this analysis, all the compounds
with Cu and In, as well as most of compounds with Teshould not possess accidental
isotropic wavelength. All the compounds with Ag, Al, Se and those with Ag, Ga, Se should
have the accidental isotropic wavelength. As concerns crystals with Cu and Al or Ga and Se
or S, it was predicted that the compounds CuAlS2, CuAlSe2, and CuGaS2 should have
accidental isotropic wavelength, while the CuGaSe2 should not. On the other hand, it was
experimentally found that indeed CuGaSe2 does not have accidental isotropic wavelength,
while CuAlSe2, and CuGaS2 do have it. As concerns CuAlS2 crystals the situation renamed
uncertain.
The goal of this paper is to investigate the optical anisotropy and birefringence of
CuAlS2 crystals, and to explore possibilities of constructing optical filters on their basis.
2. Experimental details
CuAlS2 crystals in the form of platelets with 2.5×1.0 cm2 mirror-like surfaces and
thicknesses of 300-400 μm have been grown by chemical vapor transport, and thin layers in
the form of rectangular prisms were cut
from bulk crystals. The prisms with the
thickness l varying from 15 μm to more
than 200 μm were crystallographic
oriented with (100) faces and with the
c-axis in this plane. These rectangular
prisms of birefringent and optically
active crystals have been mounted
between a polarizer and an analyzer
(Glan-Thomson polarization prisms) as
shown in Figure 1. The x, y coordinates
Figure 1. Optical arrangement for measurement
of the optical system correspond to the
of filter characteristics.
polarizer and analyzer axes and the zJournal of Engineering Science

June, 2021, Vol. XXVIII (2)

Optical anisotropy and birefringence of CuAlS2 crystals

27

axis is taken to be the light propagation direction. The incident (100) face of the crystal
prism is perpendicular to the z-axis, while the principal axes of the dielectric tensor form an
Θ angle with the x and y axes.
In such a system, the ratio of the light intensity behind the analyzer Io to the
intensity of the intensity of light passed through the polarizer Ii is given by [21]:
𝐼𝐼0
𝐼𝐼𝑖𝑖

= 𝐸𝐸(λ, θ) ∙ 𝑅𝑅(λ),

𝐸𝐸 (λ, θ) =

2
𝛿𝛿𝑏𝑏2 𝑠𝑠𝑠𝑠𝑠𝑠2 2𝜃𝜃+𝛿𝛿𝑔𝑔

𝑅𝑅(λ) = 𝑠𝑠𝑠𝑠𝑠𝑠2

(1)
,

(2)

2 )1/2
(𝛿𝛿𝑏𝑏2 +𝛿𝛿𝑔𝑔

(3)

2
𝛿𝛿𝑏𝑏2+𝛿𝛿𝑔𝑔

2

whereδb=(2π/λ)l⋅∆n is the retardation by birefringence, δg=(2π/λ) l(G/𝑛𝑛�) is the retardation by
optical activity, ∆n is the birefringence, G is the optical gyration and 𝑛𝑛� is the average
refractive index. E(λ,Θ) is treated as an anvelope of (Io/Ii), since it is much less sensitive to
the wavelength than R(λ) is. When the Θangle is equal to zero, then the equation (2)
becomes:
2
𝛿𝛿𝑔𝑔

𝐸𝐸 (λ, 0) = 𝛿𝛿 2 +𝛿𝛿2 .
𝑏𝑏

(4)

𝑔𝑔

Since ∆n is equal to zero at the accidental isotropic wavelength λo and it rapidly
increases toward both sides of the isotropic point, E(λ,Θ) will have characteristics of a band
pass filter with the central wavelength at λo, and it will be equal to unity when ∆n and δbare
equal to zero. R(λ) also should be equal to unity at the isotropic wavelength in order (Io/Ii) to
reach a maximum. This will happen when the thickness l is chosen so that δg to acquire the
value of (2m+1), where m = 0, 1, 2, 3…The optical spectra were measured at room
temperature with a double SDL-1 spectrometer as shown in Figure 2. The wavelength
modulated spectra were measured with a MDR-2monochromator.

Figure2. Experimental set-up for transmission spectra measurements.
3. Experimental results and discussions
Figure 1 presents optical transmission spectra of GuAlS2 crystals in E||c and E⊥c
polarizations. Absorption bands a3 and a4 are observed in E⊥c polarization, as well as e3
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and e4 in E||c polarization, respectively. Apart from that, a1 and a2 features are observed in
E⊥c polarization. The transmission maxima are marked with m1 and m2. The slightly shift
of the e3 and e4 points to shorter wavelengths with respect to the a3 and a4is an indication
of anisotropy of optical properties of GuAlS2 crystals. If the radiation with λ=λ0 wavelength
propagates through a crystal, the energy transfer occurs from the mode polarized as no (or
ne) to the mode polarized as ne (or no), i.e. the interaction of two orthogonally polarized
modes is revealed in the crystal's isotropic point.

Figure 3. Transmission spectra anisotropy (left) and wavelength modulated transmission
spectra (right) of CuAlS2 single crystals with thickness of 223 μm.
Wavelength modulated spectrum was measured for a more precise determination of
these features, since they are more pronounced in the wavelength modulated spectrum,
actually corresponding to the first derivative of the transmission with respect to the
wavelength. Two additional minima x1 and x2 are observed in wavelength modulated
transmission spectrum. The minima a3 and a4, as well as the maxima m1 and m2 in the
transmission spectrum correspond to points were the wavelength modulated spectrum
intersects the abscise axis. The absorption bands a1 and a3 are not deep enough to lead to
the intersection of the abscise axis. The absorption bands a1 – a4 are most probably due to
some electron transitions to impurity levels, while the features x1 and x2 are in the region
of fundamental absorption due to valence band to conduction band electron transitions.
The wavelengths and photon energy of these features are presented in Table 1.
Table 1
The wavelengths and photon energy of features observed in Figure 1
Feature
a1
a2
a3
a4
m1
m2
x1
x2
Wavelength (nm)
420
450 500 580 550 630 348 368
Photon energy (eV)
2.98 2.76 2.45 2.14 2.25 1.97 3.56 3.37
The anisotropy of the absorption (transmission) edge in the region of fundamental
absorption is determined by the direct allowed electronic transitions from the valence
bands with Γ7 and Γ6 symmetry to the conduction band with Γ6 symmetry. While going
away from the absorption edge towards the long wavelength region, the absorption
magnitude is increasing sharper for E||c polarization than for the E⊥c polarization. As a
result, the optical transmission curves measured in E||c and E⊥c polarizations intersect each
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other at a wavelength around 380 nm as one can see from the inset in Figure 1 (left). This
intersection occurs due to the presence of an isotropic point marked as λ0 as discussed
below in connection with the curves for the ordinary and extraordinary refractive indexes.
The anisotropy of optical properties of CuAlS2 crystals is revealed from the
investigation of spectral dependences of dielectric functions in E||c and E⊥c polarizations.
The spectral dependences of the real ε1 and imaginary ε2 dielectric functions were
calculated from experimental reflectivity spectra taking into account that
𝑟𝑟 =

𝑛𝑛−𝑖𝑖𝑖𝑖−1

𝑛𝑛−𝑖𝑖𝑖𝑖+1

= √𝑅𝑅𝑒𝑒 𝑖𝑖𝑖𝑖

(5)

Where r is the complex reflectivity, R is the measured reflectivity, n is the real refractive
index, k is the extinction coefficient and ϕ is the phase angle.
The phase angle is calculated according to the Kramers-Kronig relations as:
∞ 𝑙𝑙𝑙𝑙𝑙𝑙(𝜔𝜔)

𝜑𝜑(𝜔𝜔0 ) = ∫0

𝜔𝜔02 −𝜔𝜔2

(6)

𝑑𝑑𝑑𝑑

Experimentally, the R is measured in a limited spectral range a≤ω≤b. In our case
measurements have been performed in a spectral range from 2.5 eV to 4.5 eV. In the highenergy region an approximation of the spectral dependence of the reflection coefficient is
used to calculate the dielectric constants using an analytic function. We have used a simple
approximation: R(ω) = R(a) for a≤ω≤b and R(ω) = cω-p for b≤ω≤∞, where c and p are
constants according to [23].
By knowing the R and ϕ(ω) one can calculate the optical constants as

ε1 = n2 – k2, and ε1 = 2nk,

(7)

Where
𝑛𝑛 =

1−𝑅𝑅

,
𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐+𝑅𝑅

1−2√

2√𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑘𝑘 = 1−2

√𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐+𝑅𝑅

(8)

.

The spectral dependences of the real ε1 and imaginary ε2 components of the complex
dielectric function ε calculated from the reflectivity spectra using equation (7) for a CuAlS2
platelet with thickness of 223 µm are shown in figure 4. The anisotropy of optical
properties is clearly observed from the comparison of spectra for E||c and E⊥c polarizations.

Figure 4. Spectral dependences of optical constants ε1 ε2, and k for polarizations E||c (left)
and E⊥c (right) for CuAlS2 crystals with thickness of 223 µm.
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The spectral dependences of refractive indices for ordinary no and extraordinary ne
waves in CuAlS2 crystals with thicknesses of 223 µm and 35 µm are compared in Figure 5.
One can see that an isotropic wavelength λ0is inherent to both crystals in the short
wavelength, it being situated at around 380 nm in the 223 µm thick crystal, and at 375 nm
in the 35 µm thick crystal. This value is close to the value of 378 nm previously reported for
CuAlS2 crystals [22]. Apart from this point, there is a second isotropic wavelength λ01 at
longer wavelength. The difference in the position of this point is much more significant in
crystal with different thickness, it being situated at around 535 nm in the 223 µm thick
crystal, and at 485 nm in the 35 µm thick crystal. This difference is explained not only by
the different gyroscopy in crystals with different thickness, but also may be influenced by
different content and concentration of defects and impurities due to different technological
condition of crystal growth. The crystal exhibits as negative birefringence (ne – no) >0 at
wavelengths higher than λ0 and lower than λ01, while it is positive at wavelengths between
these two isotropic points λ01<λ<λ0.
Figure 6 shows spectral dependences of dielectric functions for a CuAlS2 platelet
with thickness of 93 µm. These data indicate again on significant anisotropy of optical
properties of CuAlS2 crystals.

Figure 5. Spectral dependences of refractive indices for ordinary and extraordinary waves
in CuAlS2 crystals with thicknesses of 223 µm (left) and 35 µm (right).

Figure 6. Spectral dependences of optical constants ε1 ε2, and k for polarizations E||c (left)
and E⊥c (right) for CuAlS2 crystals with thickness of 93 µm.
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Figure 7 compares the spectral dependences of refractive indices for ordinary no and
extraordinary ne waves in CuAlS2 crystals with thicknesses of 93 µm and 15 µm in the region
of short wavelengths. Again, an isotropic wavelength is observed in both crystals around
(380 – 385) nm.

Figure 7. Spectral dependences of refractive indices for ordinary and extraordinary waves
in CuAlS2 crystals with thicknesses of 93 µm (left) and 15 µm (right).
If one compares the data from Figure 5 and Figure 7, one can conclude that there is
no correlation between the position of the isotropic point and the crystal thickness. The
variation of the isotropic point in the range of (375 – 385) nm could be due to some
difference in the technological conditions of crystal growth. This suggestion is also
supported by the analysis of optical properties of the crystal with thickness of 93 µm at
longer wavelengths (Figure 8). In contrast to the sample with thickness of 223 nm there are
practically no absorptions bands in the region of crystal transparency and the second
isotropic point is absent in the 93 µm thick sample. These observations are explained by a
better crystallinity and purity of this sample.

Figure8. Spectral dependences of transmission for ordinary and extraordinary waves in a
CuAlS2 crystal with thicknesses of 93 µm.
An optical band-pass filter was constructed from two Gran-Thompson prism
polarizers and a (100) crystal plate of CuAlS2 crystal with thickness of 223 µm (Figure 9). A
very narrow transmission line with the full width at half maximum (FWHM) of 0.5 nm at the
wavelength of λ01 around 535 nm is inherent to such a crystal placed between crossed
polarizers.
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Figure 9. Transmission spectrum of CuAlS2 crystals with thicknesses of 223 µm in crossed
polarizers.
Conclusions
The results of this study demonstrate that strong anisotropy of optical properties and
birefringence is inherent to CuAlS2 single crystals. Two isotropic points were found around
380 nm and 530 nm in (100) oriented platelets. The spectral position of these isotropic
points, especially for that situated around 530 nm was found to be different for platelets
with different thicknesses. This difference was explained not only by the different
gyroscopy in crystals with different thickness, but also by the different content and
concentration of defects and impurities in crystals, which are due to different technological
condition of crystal growth. An optical band-pass filter was constructed with a CuAlS2
platelet with the thickness of 223 µm placed between two Gran-Thompson prism crossed
polarizers. The pass band of the filter with the full width at half maximum (FWHM) of 0.5
nm is situated at 535 nm.
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Abstract. In this paper, we investigate the possibility of using the friction method for
modifying the microstructure and mechanical properties in the near-surface regions of AISI
316L austenitic steel specimens for the purpose of its practical application. It is shown that
a region of severe plastic deformation arises near the friction surface, which transforms the
initial fine-grained polycrystalline steel structure into a homogenized zone consisting of a
deformed structure with plastic slip bands and weakly pronounced grain boundaries. The
change in the microscopic structure results in an increase in this zone of values of
micromechanical characteristics, such as microhardness (H), Young's modulus (E), plasticity
index (H/E) and resistance index (H3/E2). The obtained results are of interest for the
potential use of AISI 316L steel in medicine.
Keywords: AISI 316L steel, friction, microstructure, strength and plasticity parameters.
Introduction
It is well known that the resistance that occurs when two surfaces are in contact
with each other and are subjected to a force that makes them slide relative to each other is
so called frictional force. From a physical point of view, friction is a complex and diverse
phenomenon. Over the years, various hypotheses and models of friction have been
advanced and substantiated. So, three consecutive and interrelated stages of the friction
process were formulated, namely [1 - 3]:
• interaction of contacting surfaces, taking into account the influence of the
environment;
• changes in the microstructure of surface layers as a result of interaction;
• destruction of surfaces due to the two previous stages.
The determining factor in this is the first stage, the interaction of surfaces, since the
course of subsequent stages, the modification of the microstructure and the change in
mechanical properties depend on its intensity.
In this regard, a large number of works are devoted to the influence of friction on the
transformation of the internal structure and mechanical parameters [4 - 7]. Thus, in [4], the
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relationship between bulk hardness (Rockwell macrohardness), surface hardness (Vickers
microhardness) and strain hardening rate with the frictional behavior of Cu-Sn and Cu-Al
alloys is considered. The highest microhardness was recorded immediately below the wear
surface, and its value increases with an increase of the instantaneous rate of strain
hardening. However, there was no correlation found between the strain hardening rate and
bulk hardness. In [5], the friction stir processing (FSP) was undertaken to harden the surface
of high carbon martensitic stainless steel (AISI 440C) and increase its corrosion resistance.
Friction stirring processing has also been used to improve the grain structure of AISI 316L
stainless steel. Microstructural studies using transmission electron microscopy have shown
that the grain structure evolution in the mixing zone is mainly determined by intermittent
dynamic recrystallization. Compared to the base metal, the FSP specimens showed higher
hardness, increased yield and tensile strength. The authors attributed the improved values
of mechanical parameters to the improvement of the grain structure [6].
Analysis of the avaible experimenrtal data indicates a close relationship between the
mechanical characteristics of various metallic materials and their microstructure, which
makes it possible to purposefully perform changes in their mechanical properties. Currently,
various methods are already used in technology to improve hardness, yield and tensile
strength, wear resistance, etc. For example, ion implantation causes changes in the surface
composition or morphology of solids, as a result of which the values of hardness and elastic
modulus increase [8]. The additive manufacturing (AM) methods widely used in industry,
such as laser powder surfacing [9], steel processing by melting, the use of high-temperature
preheating systems [10], have great possibilities in modifying mechanical properties.
Considering that for technical goals the new materials with various and specific
properties are required, the search continues for new ways to change the microstructure
and strength characteristics of them, depending on their practical purpose. In [11 - 14] it
was demonstrated that after friction the microstructure of a narrow surface layer of metal
samples (brass, copper, steel) differs significantly from the microstructure in the bulk of
them. The reason for this difference is that near the surface of friction, the material is
subjected to ultra-high internal stresses that are much stronger than in the bulk. Under such
conditions, a significant change in the behavior of the material and, naturally, the
appearance of anomalous phenomena of mass transfer occur [2, 3, 15, 16]. This problem is
currently still insufficiently studied and it is necessary to carry out special studies on this
subject.
Therefore, the main task of this paper is to consider the effect of friction on the
micromechanical parameters of austenitic stainless steel AISI 316L. We mention that, the
use of this material is extremely widespread in various areas of the economy, including
medicine, in particular, in surgery and dentistry as implants. Moreover, implants used in
bone surgery and dentistry should have, similarly to bone tissue, increased hardness in a
narrow surface layer of the material compared to hardness in the bulk. Thus, taking into
account the previos results from the literature, the creation of such mechanical properties
can be achieved by applying the friction method.
Experimental
The investigated samples of AISI 316L stainless steel were the washers (15x15x5)
mm in size with the following chemical composition, %: ( C 0.019; Mn 1.74; P 0.017; S
0.001; Si 0.5;Cr 17.38; Ni 14.24; Mo 2.85; N 0.062; Cu 0.1; Fe 63.09). Studies of the
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deformation specificity of AISI 316L steel were carried out for two friction modes: 1 - dry
friction "metal/metal", namely, steel AISI 316L/steel St3sm, and 2 - dry friction
"metal/abrasive", namely, steel AISI 316L/abrasive P2000, with different duration of the
process (t = 1; 5 and 10 hours). Friction processes were carried out on a friction device, a
MoPao 160E polishing machine and manually. The study of the modification of the
microstructure as a result of friction and the determination of the mechanical parameters
were carried out on the cross sections of the samples.
The study of hardness was carried out by two methods: the method of instrumental
(depth-sensitive) indentation on a Nanotester-PMT3-NI-02 device equipped with a
Berkovich indentor, at a load of P = 400 mN, and by the method of quasi-static indentation
using an PMT-3 microhardness tester, load on the indenter was 500 mN. The depthsensitive indentation method has a higher measurement accuracy compared to the quasistatic indentation method [17,18]. Quasi-static indentation studies the 'post-factum'
process, after removal of the load, while instrumental indentation studies the process of
indentor penetration and removal of the load in dynamics, thereby allowing, along with the
assessment of hardness (H) and Young's modulus (E), to determine many other mechanical
characteristics. The testing on nanotester were performed as follows. Loading process - 20
s, holding at maximum load (Pmax) - 30 s, unloading - 20 s. For each load, 10 imprints were
applied. The results were calculated as the average of 10 tests. Based on the analysis of the
indentation curves, the main parameters of elasticity, plasticity, and strength were
estimated. The calculations were carried out according to the Oliver-Pharr method widely
used in science [19]. All calculations were performed automatically using the instrument
software.
Finally, the microstructure of the surface of samples and the relief of the zone in the
vicinity of the hardness imprints were investigated by optical microscopy using Amplival
and XJL-101 instruments with digital monitoring. Selective chemical treatment in order to
identify the grain structure was carried out in a solution of the composition: 2.5 ml HCl + 1
ml glycerol + 0.5 ml HNO3, etching time tct≈5 min.
Results and Discussion
The initial micrograin structure of the AISI 316L stainless austenitic steel, revealed
by the method of selective chemical
etching, is shown in Figure 1. The grain
size of the sample ranges from 2 to 50
µm.
One can clearly see that
crystallites have different shapes and
orientations not only on the surface
under study, but also relative to their
location in the volume, which is
confirmed
by
the
different
microstructure and color of the
crystallites. Figure 2 shows the shape of
Figure 1. Microstructure image of surface of
imprints made on the cross section of
AISI 316L austenitic stainless steel after
sample at different distances from the
chemical etching.
friction surface.
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Figure 2. Images of sample microstructure and of imprints, made at different distances
from the friction surface. Conditions: dry friction "metal/metal", AISI 316L steel/ St3sm
steel; friction duration tfr = 1 hour, the arrow indicates the direction to the surface.

Figure 3. AISI 316L austenitic steel. Evolution of changes in the microstructure of a
sample at a cross section as it approaches the surface that has been subjected to friction
for 1 hour (sliding lines are marked with arrows).
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It is also seen that far from the
friction surface (Figure 2 a) the
sample has a fine-grained
structure. As they approach the
friction surface shown in Figure 2
b, c, the crystalline granules are
smoothed out and are very faintly
visible near the friction surface.
At the same time, attention is
drawn to the fact that the size of
the imprints decreases as they
approach the surface. This
indicates a change in the value of
hardness, the smaller the imprint,
the higher the hardness. This
issue will be considered in more
detail below.
Analysis of the surface
shape at higher magnification
reveals new details of the
evolution of the microstructure
that occurs in the sample under
the
influence
of
friction
(Figure 3). Here the pictures are
presented in order of approach to
the friction surface (Figure 3 a-f).
It can be seen that deformation
slip bands intersect inside the
Figure 4. AISI 316L austenitic steel. Pictures from
grains (shown by arrows). Sliding
Figure 3 b and 3 f at an increased magnification.
bands cross different grains
resulting in a smoothing of the grain boundaries shown in Figure 3 d-f. In this case, the
color of grains is leveled, i.e. their disorientation decreases. When crystallites have different
crystallographic orientations with respect to the studied surface, they have different
degrees of color (see Figure 3 a-b).
As the degree of deformation of the material increases when approaching the friction
surface, the color of the grains evens out, and in the last pictures of Figure 3 e, f the surface
becomes more uniform and evenly colored, the grain boundaries are less pronounced, and
the grains themselves acquire a similar orientation. So, we can say that the closer to the
friction surface, the more the sample structure is homogenized and already consists of a
uniformly deformed structure with plastic slip bands and weakly pronounced grain
boundaries; compare the results of Figure 3b and 3f at higher magnification shown in
Figure 4.
The same pattern is observed for other modes and methods of friction. For instance,
a sample subjected to “metal/metal” friction is shown in Figure 5.
The presented stages are similar to Figure 3, and demonstrate the evolution of the
microstructure as a result of 10-hour friction of the AISI 316L steel/St3sm steel pair of
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samples. A similar modification of the internal structure of the material under the action of
prolonged dry friction is seen, as for one-hour friction: the appearance of deformation slip
bands inside the grains, intersection with other grains, and the homogenization of the
crystallographic orientation of the grains.

Figure 5. AISI 316L austenitic steel, a-d – the evolution of microstructure changes of the
sample at a cross section as the friction surface approach. Friction duration - 10 hours.
Similar changes can be traced on a sample subjected to 5-hour manual friction using
the “metal/abrasive” method, AISI 316L steel/P2000 abrasive (Figure 6).
The multi-grain structure of the surface is clearly visible at a large distance from the friction
surface (≈ 700 μm) shown in Figure 6, a and its transformation into a smooth homogeneous
structure at a distance of ≈ 50 μm from the friction surface as in Figure 6 c.
The noted appearance of a more homogeneous structure near the friction surface
with a smaller misorientation of grains correlates with the results of studies in which, for
different friction regimes, the formation of a fragmented structure with a smaller angle of
grain misorientation was also recorded than in the original undeformed samples. For
example, in [6] it is shown that as a result of friction with stirring of AISI 316L stainless
steel, the number of high-angle boundaries has decreased, instead of this, the number of
low-angle boundaries has significantly increased.
The homogenization of the sample structure near the friction zone was also
confirmed by the results of works in which the study of the internal structure of the samples
after various methods of friction was carried out by the methods of transmission and
scanning electron microscopy, atomic force microscopy and the electron diffraction method
[2, 3, 20].
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Figure 6. AISI 316L austenitic steel. Evolution of the modification of sample microstructure
at a cross section as the surface approach (a - b - c) subjected to manual polishing for 5
hours.
Changes in the microscopic structure of samples subjected to different methods of
friction and different duration of the friction process, as a result, led to a change in
micromechanical characteristics, such as microhardness (H), Young's modulus (E), plasticity
index (H/E) and resistance index (H3/E2). This was demonstrated by corresponding
measurements of deformed samples. As an example, the imprints applied to the cross
section of sample at different distances from the friction surface are shown in Figure 7.

Figure 7. AISI 316L steel. Rows of imprints made on a cross section of sample after
friction by the "metal/metal" method. A total of 7 rows have been completed. (A scale
division corresponds to a distance of 10 μm).
The results of test and evaluations are shown in Figures 8 - 15. Note that for all
Figures the points closest to the ordinate axis correspond to a distance of about 50 µm from
the friction surface, with the latter on the right side at a distance of about 500-700 µm.
A characteristic feature of all the given parameters is a decrease in their values with
an increase in the distance from the friction surface. Although in some cases the change is
not entirely smooth, and regions with maxima and minima are noted, the following general
picture is observed on all curves.
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Figure 8. Dependence of hardness (H) on
the distance (D) to the “metal/metal”
friction surface. Curve 1 - friction for
1 hour; curve 2 - 10 hours.

Figure 9. Dependence of hardness (H) on
the distance (D) to the “metal/abrasive”
friction surface. Curve 1 - friction for
1 hour; curve 2 - 5 hours.

Figure 10. Change in Young's modulus (E)
with distance (D) increasing to the
“metal/metal” friction surface. Curve
1 - friction for 1 hour; curve 2 - 10 hours.

Figure 11. Change in Young's modulus (E)
with distance (D) increasing to the
“metal/abrasive” friction surface. Curve
1 - friction for 1 hour; curve 2 - 5 hours.

Figure 12. Modification of the plasticity
index, H/E, as it moves away from the
friction surface “metal/metal”. Curve
1 - friction for 1 hour; curve 2 - 10 hours.

Figure13. Modification of the plasticity
index, H/E, as it moves away from the
friction surface “metal/abrasive”. Curve
1 - friction for 1 hour; curve 2 - 5 hours.

Figure 14. Modification of the resistance
index, H3/E2, as it moves away from the
friction surface “metal/metal”. Curve
1 - friction for 1 hour; curve 2 - 10 hours.

Figure 15. Modification of the resistance
index, H3/E2, as it moves away from the
friction surface “metal/abrasive”. Curve
1 - friction for 1 hour; curve 2 - 5 hours.
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Firstly, the effect of friction leads to an increase in the value of parameters of
strength and plasticity in comparison with the initial undeformed sample, and secondly,
their value tends to decrease with distance from the friction surface to the values of the
undeformed sample. The area covered by the effect of friction depends on the duration of
the process, increasing with its increase. For the friction methods used in the work, the
microstructure modification took place from the friction surface to about 700 μm into the
sample volume.
Finally, we mention that an increase in the duration of the friction process, as a rule,
leads to the increase in all mechanical parameters (with some exceptions, for example,
parameters (H/E) and (H3/E2) for the “metal/metal” friction method). Based on the results
obtained, it can be stated that the friction method can be used to modify the parameters of
strength and plasticity in the near-surface layers of metals.
Conclusion
The results of this paper demonstrates that different friction modes cause plastic
changes in the deformed zone of the tested sample. The maximum modification of the
structure takes place in a thin layer (≈100 µm) immediately adjacent to the friction surface,
i.e. in the zone of severe plastic deformation. The degree of deformation gradually
decreases as it moves into the interior of the sample, and at a distance of about 600-700
μm from the friction surface, the sample acquires the form of the initial polycrystalline
structure. Structural changes caused by friction are accompanied by similar changes in
mechanical parameters such as microhardness (H), Young's modulus (E), plasticity index
(H/E) and resistance index (H3/E2). The character and degree of their change can be
regulated by the experimental conditions. Thereby, through the selection of appropriate
modes, friction can be applied as a new method to obtain samples of austenitic stainless
steel AISI 316L with the required mechanical properties.
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Abstract. Object recognition is of great importance for many civil and military applications
and supposes the identification and classification of the object in real-time, regardless of
spatial position, angular orientation, etc. In the article, the methods of central and
logarithmic central image chord transformations are described. The system for invariant
object recognition and space parameters determination was developed based on the
proposed image chord transformation operations, which is of a multiprocessor functionally
distributed architecture, in which various modules implement separate image processing
operations, and allows to recognize the objects regardless of their position, scale, or
rotation, and to determine the parameters for targeting The model of a data processing
flow in the system was elaborated to permit the determination of the signal processing
stages which can be realized in parallel. An analytical estimation and analysis of the
system’s data processing time and throughput is carrying out. The approach of the system’s
optimization was applied and allows to decrease the total data processing time by 24.5
times and increase the system’s throughput by 75 times.
Keywords: image, chord, transformation, recognition, system, processor, optical.
Introduction
Object recognition is of great importance for many civil and military applications and
supposes the identification and classification of the object in real-time, regardless of spatial
position, angular orientation, etc. Different directions and approaches exist in object
recognition.
One of the directions is based on using the support vector machines (SVM). The
paper [1] proposes a target detection algorithm based on Bayesian theory and SVM
combination which permits to estimate of the probability of partial unknowns with
incomplete information. In the article [2] a system is described using a data-dependent
Lyapunov function, constructed using the Support Vector Data Description. In article [3] is
described an approach based on the calculation of the vectors of spectral and multifractal
features which are classified by an SVM.
Many publications were made in the field of neural networks using for invariant
pattern recognition. In article [3] a detection algorithm was proposed using a convolutional
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neural network (CNN) and deep learning. The CNN is trained with a large number of positive
and negative samples which permits the false detection rate to reduce at maintaining the
original detection rate. In article [5] the neural network architectures are proposed to
classify the images using the features calculated from the wavelet transform. In article [6] a
fusion method was proposed combining the feature obtained by deformable CNN layer to
obtain the invariance to diverse scale and shape-changing of an object.
Another direction in invariant pattern recognition is based on the generation of
image moment features. In article [7] a deep learning model for object classification using
the CNN integrated with a statistical moments layer was proposed. In paper [8] a new set of
Fractional-order Chebyshev Moments (FCM) was presented. In the article [9] an effective
approach for the computation of Hahn moments was proposed. The gray image is
decomposed in a set of binary images – bitplanes, and their moments are computed. In
paper [10] a color moment invariant descriptor according to Hu moment invariants was
proposed, which have satisfactory stability for light variations.
Pattern descriptors invariant to rotation, scaling, translation (RST) represent an
important direction in pattern recognition. In article [11] the RST invariance is obtained by
applying the 1D Fourier–Mellin and discrete Fourier transforms on the radial and angular
coordinates of the pattern's Radon image. This algorithm is robust to white and salt-pepper
noise. In article [12] a novel descriptor is proposed based on the ring-projection and dualtree complex wavelets which permit the transformation of the pattern from a 2-D image to
a 1-D signal. In article [13] the Hough transform realization is proposed in an incoherent
optical processor.
The described above directions and approaches in invariant pattern recognition need
substantial computational expenditures which in many cases don't permit the realization of
real-time in pattern recognition. Also, numerical accuracy does not correspond to the
standards.
One of the important directions in automatic pattern recognition is based on the
chord functions using due to their properties of invariance to the object position, rotation,
and scaling changes. In the article [13] a hybrid optical-digital system for chord functions
calculation is described. In article [15] an optical processor that realizes a generalized chord
transformation is presented. The wedge-ring detector samples of autocorrelation are shown
to be the histograms of the chord distributions. In article [16] are described new methods
of image presentation - Central and Logarithmic Central Image Chord Transformations
(CIHT and LCIHT).
In this article, the results of the development of the invariant object recognition based
on the image chord transformations are presented. Section 2 describes the image
transformations - Central and Logarithmic Central Image Chords Transformation (CICT and
LCICT). It is shown that the CICT operation makes it possible to achieve invariance to object
rotation. In the case of implementation of the LCICT transformation, invariance to changes
in the rotation and scale of the object is achieved. In section 3 the structure of an optical
processor for image chord transformations based on a matrix of threshold optrons and a
photodetector with a radial-circular scan is presented. In section 4 the structure of an
optical-electronic system for invariant object recognition based on the proposed image
chords transformation operations is presented. In section 5 the model of a data processing
flow in the system is given that permits the determination of the stages of signal processing
which can be realized in parallel. In section 6 an analytical estimation and analysis of the
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system’s data processing time and throughput is carrying out. The data processing stage of
maximal processing time was determined. In section 7 the approach of the system’s
optimization was applied.
1.
Operations of central and logarithmic central image chord transformations
Let P(x,y) is an initial object and Pb(x,y) is the function of the object’s image, which is
described by the binary external contour, Pb(x,y)={0,1} (Figure 1), and (xc,yc) – coordinates of
the center. For every pair of points (xi,yi) and (xk,yk) is constructed a chord AiBk passing
through the point (xc,yc), is determined the angle ψik between chord and X-axis, and chord’s
length Rik as:

ψ ik = arctg[(y k - y i )/ ( x k - x i )]

(1)

Rik = ( x k - x i ) 2 + (y k - y i ) 2

(2)

Figure 1. Central image chords determination.
In this case, the object’s image can be characterized by the function H(ψik,Rik), which
describes all possible chords drawn through the point (xc,yc). Transformation, through which
was obtained the function H(ψik,Rik) was named the Central Image Chord Transformation
(CICT) [16]:
Pb(x,y)→T{Pb(x,y)}=H(ψik,Rik)=H(x1,y1)=Pb(x1,y1),

(3)

where T{...} – the operation of CICT,
x1=ψik,y1=Rik.

(4)

The Logarithmic Central Image Chord Transformation (LCICT) [16] is realizing by
taking the logarithm of the parameter Rik of the function H(ψik,Rik):
LT{H(ψik,Rik)}=LH(ψik,lnRik)=LH(ψik,wik)=Pb(x2,y2),

(5)

where LT{...} – the operation of LCIHT,
x2=ψik, y2=wik=lnRik

Journal of Engineering Science

(6)

June, 2021, Vol. XXVIII (2)

V. Perju

47

As was shown in [16], the rotation of the initial image will shift the function R(ψ)
along the axis ψ, i.e. the CICT operation allows to achieve invariance to the rotation of the
object. In the case of the LCICT transformation, the object scale change will shift the
function lnR(ψ) along the axis LnR, i.e. this transformation allows to achieve the invariance
to the scale change. The described operations of CICT and LCICT can be realized in the
software or digital signal processors, as well as in the specialized optical processors.
2. System for invariant object recognition and space parameters determination
Based on the described in section 2 image chords transformation operations, the
system for invariant object recognition and space parameters determination (position, scale,
and angular orientation) was developed (Figure 2).
The system contains a laser 1, an image input module 2, an optical multiplier 3, a
processor 4 for calculating the object's position, processors 5 and 9 for image coordinate
transformation, an optical processor 6 for implementing CICT/LCICT operations, a processor
7 for control and data processing, a processor 8 for Fourier transformation and calculating
the image’s Fourier spectrum maximum frequency and complexity, and processor 10 for
object angular orientation determination.

Figure 2. The system for object recognition and parameters determination.
Let the object’s image is described by function P(x’,y’)=P(x+e3,y+e4,e1,e2), where e1
and e2 are the object’s scale and rotation changes respectively, and e3 and e4 are the object’s
displacements on the axes x and y. The system functions as follows. The image P(x’,y’) is
introduced in module 2. The light beam from laser 1 passing through module 2 is
modulated in intensity by the function P(x’,y’) and then is divided into three identical light
beams by multiplier 3. The first light beam is fed to processor 4, where the position of the
object in the plane (parameters e3,e4) is determined. At the same time, in processor 8 the
Fourier spectrum of the input image is formed:
P(x’,y’)

FT{P(x’y’)}=P(u’v’)

(8)

The maximum frequency fm of the Fourier spectrum P(u’,v’) and the complexity SL of
image P(x’,y’) are calculated in this processor. The function P(u’,v’) then is introduced into
processor 9. The data regarding parameters e3, e4, and SL are introduced into processors 5,
about SL – into processor 9, and regarding e3, e4, and fm - into processor 7. In the processor
5, based on the parameters e3,e4 and SL, the function P(x’,y’) is centered:
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P(x’,y’)

P(x1’,y1’)=P(x1,y1,e1,e2).

Then, the function P(x1’,y1') is input into processor 6, where the operation of chords
transformation is performed and a feature vector v is formed. The data from processor 6 are
sent to processor 7, where the object is classified and the scale value e1 is determined based
on the fm value. The object classification algorithm realized in processor 7 is based on the
Fisher criterion [17] and suppose the forming of a linear discrimination function using sets
of reference images of different classes at different angular orientations, scales, etc.
The value of parameter e1 is sent from processor 7 to processor 9, where the
function P(u’,v’) is normalized on e1 and converted to a polar coordinate system:

P(u ' , v ' ) = P(u, v, e1 , e2 ) → P(u '1 , v '1 ) = P{u1 + u 0 (e2 ), v1} ,

(9)

where u’1=arctg(v/u), v’1=(u2+v2)1/2.
Wherein, the effect of the object rotation (parameter e2 ) is reduced to a shift of the
function P(u1’,v1') along the axis u1 . This function P(u '1 , v '1 ) is sent from processor 9 to
processor 10, where the parameter value e2 is calculated based on the component u0 (e2 ) by
faze extraction [18].
3. The model of data processing flow in the system
Based on the system's functioning description, let determine the stages of data
processing as Si/j, where "i” is the stage nr. and “j” – is the nr. of the system’s unit, where
the corresponding stage is realizing. In this case, stage S1/2 will consist in image P(x’,y’)
input into module 2; S2/4 – object’s position parameters e3,e4 determination in processor
4; S3/8 - image’s Fourier spectrum maximum frequency fm and complexity SL determination
in processor 8; S4/5 – object's image centering in processor 5; S5/6 – image chord
transformation in processor 6; S6/7 – object classification in processor 7; S7/7 – object’s
scale e1 determination in processor 7; S8/9 – object image Fourier spectrum normalization
on parameter e1 in processor 9, and S9/10 – object’s rotation e2 determination in processor
10.
Figure 3 presents the model of data processing flow in the system, from which we can
establish, that stages S2/4 and S3/8 of data processing can be realized in parallel in
processors 4 and 8 respectively. Every processing stage will be characterized by respective
processing time, which will permit to determine the system’s processing time and
productivity.

Figure 3. The model of data processing flow in the system.
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4. Estimation of system’s data processing time and throughput
The time of data processing in the system will be determined based on the algorithm
of its functioning described in sections 4 and 5:
TS=tS1/2+max{tS2/4,tS3/8}+tS4/5+tS5/6+tS6/7+tS7/7+tS8/9+tS9/10,
were tS is the stage’s data processing time.
The time tS1/2 of the image input in module 2 will be determined by the parameters
of the electro-optical spatial light modulator, tS1/2=0.1µs [19]. The tS2/4 is the time of the
object’s position e3,e4 determination in processor 4, tS2/4=1.01µs [20]. The tS3/8 is the time of
the Fourier spectrum maximum frequency fm and complexity SL determination in processor
8, tS3/8=4.24µs [21]. The tS4/5 is the time of the object's image centering in processor 5. The
time spent at this stage will be as follows [22]: t S 4 / 5 = 14.2 + α 2 s Gn (t ep + α h t tp ) , where the
parameter α s characterizes the complexity of the input image; Gn – the total number of
image pixels, Gn = N п × M n ; α h - determines the part of highly informative pixels in the
image; tep , ttp - times of the pixel’s extracting from the image and converting its
coordinates. At tep=0.015µs and ttp= 0.28µs,
tS4/5=14.2+α2SGn(0.015+0.28αh), µs.
Figure 4 presents the results of tS4/5 calculation which show that at the increase of
the image complexity α s from 0,025 to 1, of the number of image pixels Gn from 642 until
5122 and αh = 0.1, the value tS4/5 increase from 14.31µs until 11.28ms.

Figure 4. The time of the image normalization.
The time of the image chord transformation operation in processor 6 can be
determined as tS5/6=tmo+tpd [16], where tmo is the time of the image binarization operation by
the matrix of threshold optrons, and tpd is the time of image scanning by a photodetector. At
tmo=tpd=0.1µs, tS5/6=0.2µs.
The tS6/7 is the time of the object classification in processor 7. At the identification of
the mk classes’ objects, the time spent will be as follows: t S 6 / 7 = (mk − 1)[ DP(t y + t c )] , where
DP is the object's image feature vector v length; ty, tc - the time of multiplication and
addition operations, respectively. At ty=0.04µs and tc= 0.02µs,
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tS6/7=0.06(mk-1)DP, µs.
Figure 5 presents the results of tS6/7 calculation, which shows that at the increase of
the object classes number mk from 2 to 10 and object's image feature vector v length DP
from 180 to 720, the value tS6/7 increase from 10.8µs until 388.8µs.

Figure 5. Time of the object classification.
The tS7/7 is the time of the object’s scale e1 determination in processor 7, tS7/7=0.04µs
[16]. The tS8/9 is the time of the object image Fourier spectrum normalization on the
parameter e1 in processor 9, tS8/9=tS4/5.
The tS9/10 is the time of the object’s rotation e2 determination in processor 10. The
value of the parameter tS9/10=15.1+Nn(0.8Nn+5.15), µs [18]. At the increasing the Nn from 64
until 512, the value of tS9/10 increases from 3,6ms until 212,4ms.
Taking into account that tS3/8>tS2/4, the data processing time in the system can be
determined as:
TS= tS1/2+tS3/8+tS4/5+tS5/6+tS6/7+tS7/7+tS8/9+tS9/10.
After substitution of the tSi/j values,
TS=48.08+Nn{Nn[2α2S(0.015+0.28αh)+0.8]+5.15}+0.06(mk-1)DP, µs.
Figure 6 presents the data regarding processing time on different stages for Nn=256,
DP=180, mk=10 αS=0.5. In this case, the data processing time in the system will be
TS=55.24ms. These data show that maximal processing time is on the stage S9/10,
tS9/10=53.7ms. The throughput of the system will be TPS = ICP/tS9/10, where ICP is the input
image capacity. At ICP=256x256x8 and tS9/10=53.7ms, the value of TPS=9.7x106 bits/sec.
5. Optimized system
From Figure 6 is evident that the system is not optimal from the throughput point of
view, because the processing time on stage S9/10 is much bigger than on other stages. To
obtain an optimal system, it is necessary to reduce the processing time on this stage until
processing time on the stages S4 and S8 by using other kinds of processors, introducing
supplementary parallelism, etc. [23]. At the t’S9/10=tS8/9, the throughput of the optimized
system will increase up to TPSO=0.73x109bits/sec, or, on k=TPSO/TPS=75times.
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For optimized system, the total data processing time will be: TSO=
tS1/2+tS3/8+tS4/5+tS5/6+tS6/7+tS7/7+tS8/9+tS8/9=2.25ms, or, on w=TS/TSO=24.5 times less in comparison
with initial system.

Figure 6. Data processing time on different stages in the system.
6. Conclusions
Two types of image transformations are described - the Central and Logarithmic
Central Image Chords Transformations (CICT and LCICT) which allows achieving invariance
to the displacement and rotation of the object in the case of CICT, and the LCICT operation
- to the displacement, rotation, and scale at LCICT operation realization. These
transformations permit applying high-speed algorithms and techniques at the stage of
object classification, significantly reducing the volume of computational operations and
implementing a real-time mode in image analysis.
Based on the proposed algorithms of image chords transformation, the structure of
an optical-electronic system for invariant object recognition is developed. The system is of
a multiprocessor functionally distributed architecture, in which various modules implement
separate image processing operations. The system allows to recognize objects regardless of
their position, scale, or rotation, and to determine the parameters for targeting.
The system provides the organization of adaptive information processing depending
on the complexity of input images at the stages of classification and image coordinates
transformation, which can significantly improve the process of image analysis and decisionmaking processes. The model of a data processing flow in the system was elaborated that
permits the determination of the stages of signal processing which can be realized in
parallel. An analytical performance assessment of the image processing operations and the
system was made, which permitted to determine the data processing stage which
influences the system's throughput. The approach of the system’s optimization was applied,
which allow to decrease of the total data processing time by 24.5 times and to increase the
system’s throughput by 75 times.
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Abstract. This study evaluated the ergonomic performance of drivers’ workstations in
southwest Nigeria. Fifty urban buses selected from ten brands were investigated by direct
measurement. The buses were mini-A and midi-B. Vertical and horizontal distances of the
seat reference point to the pedal and steering wheel, with the seat dimensions were
considered. The anthropometric dimensions of 150 male bus drivers were taken from
South-west Nigeria. The results revealed that the values for driver’s seat height from the
cabin floor, seat backrest height, seat shoulder level width and low back width were 44.0050.00cm, 53.00-58.15cm, 40.00-50.00cm and - 40.15cm respectively as against 39.1543.00cm, 38.75-49.49cm, 34.60-43.59cm and 45.73-53.25cm respectively in the urban bus
workstations. It is concluded that the drivers’ workstations in the urban buses were not
ergonomically fit for the bus drivers since the anthropometric dimension of the Nigerian
male bus drivers were not considered in the designing of the buses.
Keywords: Anthropometric, Ergonomics, Workstation, Drivers’, Urban, Buses, Nigeria.
Introduction
The focus of the ergonomics approach is that the interaction between humans and
other elements of a system and therefore the workstation so as to enhance efficiency,
safety, and human well-being [1]. Several studies have confirmed that operators are readily
available and more productive when their working environments are designed for his or her
best performance [2, 3]. Where work tasks and equipment don't preclude ergonomic
principles in their designs, workers are susceptible to be exposed to undue physical stress,
strain, and overexertion, like an excessive amount of vibration, awkward working postures,
forceful exertions, repetitive motion and work during a bid to correct and reduce hazards
thereby improving worker’s protection, it's very essential to acknowledge the ergonomic
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risk factors within the workplace. Therefore, ergonomists first consider human needs, his
abilities and limitations as priorities when designing and evaluating tasks, jobs, products,
environments and systems.
Proper ergonomic design is therefore necessary to stop repetitive strain injuries, which may
develop over time and may cause a long-term or permanent disability. Ergonomic designs
also consider the entire work system. it's widely applied in the areas of aviation, other
transport systems, sport, education, public facilities, home, recreational equipment and
facilities within the workplaces respectively. Really, all aspects of human endeavor enjoy
ergonomic designs [4]. Anthropometric data may be a collection of the size of the physical
body and is beneficial for attire sizing, forensics, physical anthropometry and ergonomic
design of the workplace [5]. Similarly, some authors defined anthropometric data as that
utilized in ergonomics to specify the physical dimensions of workplace, equipment,
furniture and clothing [6, 7].
Byran et al., [8] acknowledged that so as to hold out the varied given tasks; the
driving force has got to operate the vehicle controls during a sedentary posture. Controls
like hand-controls and pedals are often described in terms of human outputs so as to
regulate the vehicle. The hands are widely used for steering controls and various lever
controls like gear and hand-brake controls. The hands also are wont to manipulate other
controls like joystick controls (found in tractors) and delicate switch controls. The feet are
used mostly to supply outputs for longitudinal vehicle control like acceleration or brake
pedals. The sedentary posture has been acknowledged throughout the professional
literature as problematic, as a serious risk factor and a contributor within the development
of musculoskeletal disorders [8].
Li and Haslegrave [9], suggested that posture needs special attention during the
planning process, especially when amid other manual manipulations that involve the
utilization of force. The extra operations often cause adopting inadequate, un- comforted or
‘bad’ body postures, resulting on high risk of musculoskeletal disorder or maybe physical
injury. The anthropometric study suggests an evaluation of all physical elements inside the
cabin. The evaluation checks the geometric location, dimension, angel, and position of each
element, in reference to each other and in reference to the Seat point of reference (SRP).
Additionally, the study evaluates the geometric location of all controls (foot and hand), and
displays, inside the cabin, to best fit the operators’ anthropometry. It also evaluates the
controls for his or her location with the utilization of force [8].
The influence of various forces and vibrations transmitted to the physical body
through the seat during the drive shows a particular importance because they inflict a state
of tiredness, especially to the driving force that makes a further effort as compared to other
occupants [10]. It was reported that within the design of mobile equipment, a balance
driver’s seat usually reduces the ill effect of vibration within the vertebral column of the
operators [11]. He concluded that care must therefore be taken in designing tractors and
particularly tractor seats, to scale back vibration and shock to a minimum also as ensure
comfortable posture. Driving postures employed by bus drivers should also take into
consideration musculoskeletal and biomechanical factors, and make sure that all driving
tasks are conducted within a cushy reach range. The posture of the seated person depends
on the planning of the seat itself, individual sitting habits and therefore the work to be
performed. Seated person depends on the planning of the seat itself, individual sitting
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habits and therefore the work to be performed. Seated postures are defined because the
body position during which the load of the body is transferred to a supporting area.
The biomechanical considerations of seated postures include the spine, arms, and
legs. The muscles at the rear of the thighs influence the relative position of the spine and
pelvis, the situation and slope of the work area influence the position of the neck,
shoulders, and upper extremities, when a private is during a seated posture. Tan et al., [12],
reiterated that comfort is an attribute that today’s drivers demand more and more; while
seat is one among the important features of auto where the professional driver spends most
of their time. Therefore, truck seat, which are in touch with truck occupants, play a crucial
role in improving the comfort and work environment of a driver.
However, Tan et al., [12] in their research acknowledged that there's a huge majority
of objective measures used for evaluating comfort and discomfort. From their literature
search, they identified the target measurement methods for seat like pressure distribution,
posture analysis, CAD (CAD), computer aided engineering (CAE), temperature, humidity,
Oxygen saturation, vibration, Spinal Loading, electromyography (EMG), and adrenaline.
Nigerian bus drivers always complain of undue stresses and extreme body pains during and
after work. This, however, might be thanks to some preventable factors like the planning of
the drivers’ workstations which could not properly fit into the physical nature of the drivers;
thereby forcing them to figure in awkward positions and conditions.
Ajayeoba and Adekoya [13], says that the optimum seat for one vehicle may not be the
optimum seat for another vehicle and that most of the automotive seats, especially bus
driver seats, were not designed according to the anthropometric data of Nigerians. Adekoya
and Ajayeoba [14], noted that little work has been done in the area of functional design
relationships which are significantly useful in the bus operator workstation. The objectives
of this research work is to collect relevant design data from the drivers’ compartments and
seats of the selected urban buses and the anthropometric data of the Nigerian drivers of
urban buses in South-Western Nigeria.
Methodology
Collection of anthropometric and workstation variables
In this study, 30 anthropometric variables of 150 professional male drivers, randomly
selected from seven urban centers (Abeokuta, Ilaro, Sagamu, Ijebu-ode, Oshodi, Yaba,
Ibadan and Oyo) in three states (Lagos, Ogun and Oyo states) in South -West Nigeria were
collected.
Similarly, 50 urban buses in two categories were considered. Category ‘A’ comprises of 6
common brands of urban mini buses with various capacities (MITSUBISHI - 10 seaters and
14 seaters, TOYOTA- COASTER- 30 seaters, MAZDA – 10seaters, HONDA – ODDYSEY 10seater and NISSAN – URVAN 14- seaters). Category ‘B’ consists of 4 common brands of midi
buses (FOTON - 42 seaters, ASHOK - 42 seaters, TATA - 42 seaters and COMIL - 54 seaters).
Measurement of the workstation parameters and the seat dimensions in all selected buses
were done.
Measuring Instruments used are, Digital Stadiometer, PD 300M (DETECTO); Manufactured
by Cardinal Scale Manufacturing Company, UK (figure 1), Digital Vernier Caliper - 600mm
(figure 2) manufactured by Mitutoyo Corporation, Japan. A 3.5m Steel tape (figure 3);
manufactured by Komelon, U.K was also used for this work and Bevel Protractor (figure 4).
The Universal Bevel Protractor was manufactured by Mitutoyo Corporation, Japan.
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Figure 1. Standiometer.

Figure 3. Steel Tape.

Figure 2. Digital Vernier caliper (600mm).

Figure 4. Universal bevel Protractor.

Measurement of the Driver’s Seat Variables:
Preliminary search was conducted to identify the available brands of urban buses
found to be commonly used in South-west Nigeria. These include: Toyota, Mazda,
Mitsubishi, Nissan, and Honda. Observations together with direct linear and angular
measurement were also carried out on the sampled drivers’ seats.
The physical measurements of seat variables that were carried out on the sampled
buses include: Seat height, Seat depth, Seat width, Headrest height, Headrest width,
Backrest height, Backrest width (Lumber level), Backrest width (Thoracic level), Headrest
angle, Backrest angle, and Armrest height/length (where available).
Table 1

P. No.
P1
P2
P3
P4
P5
P6
P7
P8
P9

Anthropometric Dimensions collection
Anthropometric parameters of urban bus drivers and their relevance
PARAMETER (P)
RELEVANCE
Stature
Cabinet Total Height
Sitting Height
Seat Backrest Height
Eye to Floor
Seatpan Height from Cabin Floor
Shoulder width
Seat Backrest (shoulder level) Width
Shoulder Height
Seat Backrest Height
Shoulder to Elbow
Armrest placement Height
Knee Height
Steering Wheel Height from floor
Popliteal Height
Seat Height and Pedal placement
Foot Length
Pedal placement from SRP
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Continuation Table 1
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24
P25
P26
P27
P28
P29
P30

Foot Width
Hand Length
Hand Width
Chest Width
Elbow angle with Steering
Elbow angle with gear
Popliteal angle (leg on floor)
Foot angle (leg on pedal)
Back angle (Sitting)
Hip Width
Stomach Depth
Knee Length
Head Width
Head Height
Stomach to steering
Popliteal Length
Elbow to wrist
Chest to steering wheel
Knee to dashboard
Knee to steering rack
Arm length

Pedal width
Steering wheel rim thickness
Armrest surface width
Steering wheel diameter
Steering wheel Distance from SRP
Gear-lever Distance from SRP
Placement of Pedal
Placement of Pedal
Placement of Steering wheel
Seatback/backrest width
Steering wheel placement
Seat distance from Steering rack
Headrest width
Headrest height
Steering rack placement
Seat Depth
Steering wheel placement/armrest
Steering wheel placement
Placement of seat from dashboard
Placement of seat
Placement of Steering wheel

Statistical Data Analysis
Data collected were analyzed using Microsoft Excel Starter 2010 and SPSS 16 to
obtain the mean, standard deviation, 5th, 50th, 75th and 95th percentile for this research work.
Results and Discussions
Data Obtained from Workstations
The Seat Reference Point (SRP) was used for the placement of the two controls. The
following tables present the results of the statistical analysis of the data collected during
the field work.
Table 2
Summary of data obtained from mini bus workstations (Category A)
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Continuation Table 2

Table 3
Summary of data obtained from mini bus Drivers' Seats (category A)

Table 4
Summary of data obtained from midi bus workstations (category B)
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Continuation Table 4

Table 5
Summary of data obtained from midi bus Drivers' Seats (category B)

Table 6
Summary of the Anthropometric Dimensions of 150 Nigerian Male Urban Bus Drivers
Length/Height (cm), Angles (degree)
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Continuation Table 6

Table 2 shows the summary of data obtained from mini bus workstation (category
A), while Table 4 shows the summary of data obtained from midi bus workstation (category
B),. In the tables, the 5th 50th, 75th and 95th percentiles of the horizontal and vertical
distances of the steering wheel/pedal from the seat reference point (SRP) were stated.
The percentile value was in the range 42.50 - 55.75cm for the horizontal distance of the
centre of steering wheel to the seat reference point for category ‘A’ buses. For category B,
the range was 52.45 -56.70cm. Table 2 showed that the percentile value range of the
vertical distance of the steering wheel from the SRP for buses in category A was given as 30
- 35cm while, for the midi buses in category B as it appeared in Table 4 was between 22.15
and 26.40cm. Table 2 also showed that the value range of the vertical distance of the pedal
from the SRP for small buses (A) is 25 – 30cm; while Table 4 revealed that the range for
midi buses (B) was 40.30 – 46.25cm Category A buses as in Table 2, the horizontal distance
of the SRP to the pedal was within the range of 87.25 – 94.75cm while that of category B in
Table 4 is 82.35 – 91.7cm. Tables 3 and Table 5 show the results obtained from the driver’s
seat data analysis for the two categories A and B of buses considered in this research work
respectively. Table 3 revealed that 5th and 95th percentiles value range for the seat height
from the cabin floor is 25.5 - 40.25cm for category A buses while Table 5 showed that 39.15
– 43cm for category B. Table 6 showed the results obtained for the popliteal height of
range 46 – 50cm from the anthropometric data analysis of the drivers. Table 3 showed the
value range of the seat pan depth for category A as 49 - 50cm while the range for category
B in Table 5 is 41.5 – 50cm.
Meanwhile, Table 3 showed that give the back width range of 38 – 44 cm, while
Table 5 depicts the back width range of 38 - 46.4cm showing slightly wider dimensions
when compared to the drivers’ hip width range of 34.70 - 40.15cm in table 9. However, the
seatpan front width range is 48.5 – 53cm for category A and the range for category B is
47.15 - 49.7cm. The backrests have different width dimensions at the low back and
shoulder levels. The shoulder level range for category A is 42.25 - 47.5cm and 34.6 43.6cm for B. Tables 3 and Table 5 again failed to accommodate 95th percentile of
shoulder breadth (50cm) dimensions of the sampled drivers’ population shown in Table 6.
Table 3 and Table 5 showed the ranges for the lumber level are 47 - 51.5cm for category A
and 45.73 - 53.25cm for category B. The backrest height is determined by the shoulder
height sitting. However, the backrest height result for category A of (50 - 57.35cm) seems to
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be lower to the anthropometric value range of the shoulder height (53 - 58.5cm) than that
of category B (38.75 - 49.4cm), which is rather too short for the Nigerian driver to work with
comfortably and efficiently.
Table 5 reveals that none of the midi buses in category B has an armrest; while
table 3 of the category A buses gives only constant values for the armrest parameters.
Headrest provides support for the head while driving. Table 3 gives the height value range
of 16 - 35cm for category A buses while category B has (20.2 - 23.8cm) as in table 5. The
headrest widths for the two categories in tables 3 and table 5 showed that Category A
buses has the width range of 22 – 32cm, and those in category B have 26.6 - 29.7cm range.
Meanwhile, the head widths of the drivers are within 13.89 and 16cm range according to
Table 6 (P19) of the anthropometric dimension of 150 bus drivers’. It is to be noted that the
backrest for one bus brand in that category B has no headrest.
Table 7
Comparisons of Drivers' Seats Structural Dimensions for Categories 'A' and 'B' and the
Current Study Values

Note
Category A & B is a direct measurement
Current study is the anthropometric data obtained from the drivers’.
Relevant design dimensions of the driver’s compartment and seats had been
collected and analysed from 6 brands mini buses and 4 brands of midi buses operating in
south western Nigeria. The data collected were summaries and recorded in Tables 8 – 12.
The results obtained were compared with relevant researchers and useful inferences drawn.
Table 8
Comparison of drivers’ anthropometric (Mean) dimensions of the current
study and previous related study
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Continuation Table 8

Table 9
Comparison of relevant anthropometric variables of the current study and some other
countries of the world

Source: **Onawumi and Lucas [15]

Table 8 showed the comparison of the drivers’ anthropometric dimension in the
present study with other researchers. Table 9 shows the comparison of relevant
anthropometric variables of adult male Urban Bus drivers in South Western Nigeria
obtained in this study with the male adults in other countries such as Germany, Japan,
China, Britain, Russia and Philippines. Tables 9, 10 and table 11 showed the comparison of
the present study with [13], [15], [16].
From Tables 8, 9 and table 11, it can be deduced that the mean values obtained in
this study compared favourably with the range of values procured earlier by Ajayeoba and
Adekoya [13], [15] for most parameters. Table 8 revealed that the research of Onuoha et
al.,[16] for the south - eastern Nigerian drivers were slightly different because they were
obtained from another ethnic group and environment in the same country.
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Table 10
Analysis of Seat Dimensions and Relevant Drivers’ Anthropometric Dimensions in this Study

Table 11
Comparison of Workstation Dimensions in this Study with Related Results by Ajayeoba and
Adekoya, [13

Source: *Ajayeoba and Adekoya, [13].

Table 12
Comparison of Seat Data in this study with those in a related work

Source: *Ajayeoba and Adekoya [13].

Similarly, table 9, could be inferred that generally there were notable differences in
the mean values obtained in this present study and those from the six other countries of the
world (Germany, Japan, China, Philippines, Russia and Britain). This corroborates with the
findings of Hedge [17], that people from different ethnics groups have proportionally
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different characteristics. This study also revealed that Japanese adult males have shorter
mean (168 ± 5.5cm) stature than the south western Nigeria adult male (173.15 ± 3.3cm).. In
addition, the Nigerian males have longer elbow to finger tip/ forward grip and higher
popliteal height than their counter parts in Germany, Japan, China, Britain and Russia.
Table 9 showed the differences between stature and sitting height (erect) also
suggest that adults in south western Nigerians had shorter lower limbs 983.18 ± 4.6cm)
than their counterparts in the other countries. This confirms the findings of Hedge [17] that
most Africans have shorter lower limbs than the Europeans. This will therefore have direct
impacts on the placement of both the hand and leg control devices in the drivers’
workstation as well as the dimension of the seat height.
However, the dimensions of the hip widths, foot length and foot breadth, and
popliteal lengths of the south-western Nigerian adult males compared favourably with
those of Germans, Japanese, Chinese, Philippines and British except for the Russians whose
hip dimensions are smaller. This inferred that there will be a mismatch if the
anthropometric data of the citizens of those countries were used to design equipment for
southwest Nigerians. Table 10 revealed that there were considerable differences between
the anthropometric dimensions of the Nigerian bus drivers and the seat dimensions in the
two categories A and B of the selected buses. Meanwhile, Parcells et.al,.[18] suggested that
a chair whose seat height is > 95% or < 88% of popliteal height is a mismatch for the user.
They also suggested that if the seat length is > 95% or < 80% of the buttock – popliteal
length and then the seat is a mismatch for the user.[19].
Therefore, table 10 showed that mismatches exist between the popliteal Height and
seat height, buttock to popliteal length and seat length as well as between hip width and
the seat width. For mini buses (A) – the mean height is 68.8% (< 88%) of the mean popliteal
height. This implies that the seat was too low for the users hence, uncomfortable for him as
he must bend while sitting on the seat to drive. This posture may result in low back pain
and sprain of the thigh as well as driver hitting the knees against the steering wheel.
The mean seat length/depth was 101.8% (>95%) of the buttock to popliteal length.
This is a mismatch for the user as the seat is longer than the popliteal length of the user.
This makes his leg not to touch the floor or the driver has to shift forward so that his leg
could touch the floor, and to do that he will lose contact with the back rest. This may have
health implication which may be leg, back and shoulder pains. Also, there is a mismatch
between the seat width and the hip width. The seat width was 110.8% (>95%) of the hip
width. Similarly, for large buses in category B, the mean seat height was 86.8% (<88%) of
the mean popliteal height having the same effects of being slightly low for the comfort of
the Nigerian bus drivers. The side effects may include back pain, spraining ankle, hitting the
steering wheel with the tight and the dashboard with the knees. The mean seat
length/depth here was 97.4% (>95%) of the mean buttock to popliteal length. This is also a
mismatch for the user as suggested by Parcells et.al [18]
In the same manner, the results from this study showed that the mean seat width of
the driver seat was 41.00 cm for 37.02 cm mean hip width of the large bus drivers i.e. 97.43
(>95%) of the hip width implying a mismatch for the users and leading to back pain and
discomfort when in use. Parcells et.al.,(1999) suggested that seat height should not be <88%
or >95% of popliteal height, it then follows that the mean seat height for a mean popliteal
height of 47.46cm should be between 41.76 and 45.09cm, rather than 25.50 to 40.25cm;
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and 39.15 to 43.00cm ranges representing the 5th and 95th percentile ranges in mini buses
(A) and large buses (B) respectively.
Similarly, for the seat depth/length, Parcells et.al., [18] suggested that good seat
depth should not be <80% or >95% of the buttock - popliteal length. Therefore, ergonomic
driver’s seat depth for a mean buttock - popliteal length of 48.75cm, should range between
39.00 and 46.71cm rather than 49 to 50cm and 41.5 to 50 cm representing the 5th and 95th
percentile in the mini buses (A) and midi buses (B) respectively.
Ismaila et.al, [19] reported that the seat width should be equivalent to 99 percentile
of the hip value plus 15%. With this, the ergonomic seat width range should be 41 to 47.15
cm and not 38 to 44cm and 38 to 46.4 cm representing the 5th and 95th percentile for the
mini buses (A) and large buses (B) respectively. This study also noted a mismatch between
the anthropometric data of the drivers and the dimensions of the backrest. Some of the
seats have square or rectangle shape with short heights. While some assumed a shape of
which the lower parts are wider than upper parts. This affects the comfort of the drivers,
and may lead to neck and shoulder pains. This study hereby suggests that the ergonomic
driver seat should have 95th percentile of the shoulder height for the backrest height, 95th
percentile of the shoulder width for the dimension of the upper part; and the seat width
dimension for the low back level. This puts the seat dimensions at 58.15cm height, upper
shoulder level width of 50cm and the low back / hip level width of 47.15cm rather than the
mean height, upper width, low back width of 53.66, 49, 41.5; and 44.25, 48.67, 39.47cm in
that order for small bus (A) and luxury bus B respectively.
Table 11 and table 12 showed the comparison of the present study with the study of
Ajayeoba and Adekoya [13]. The result showed that the pedal-seat of the mini and midi
buses in the present study of 42.8cm and 30.5cm are far apart from 43.17cm and 38.7cm of
the Ajayeoba and Adekoya [13]. The steering wheel thickness was 3.58cm and 3.53cm for
mini and midi buses in the present study as against 3,3cm of the Ajayeoba and Adekoya
[13]. Table 12 also revealed a drastic different in the seat height of 32.67cm and 41.25cm
mini and midi buses of the present study as compared with 34.5cm and 41,8cm
respectively/.
Conclusions
The results of the analysis so far conducted showed that there were mismatches
between the drivers’ anthropometric data and the design measurements of the present
driver seats as well as the locations of both hand and foot controls in the drivers’
workstations. With reference to the main objective of this study, it could therefore be
concluded that the drivers’ workstations in the urban buses used in South-West Nigeria
were not ergonomically fit for the urban bus drivers in South-West Nigeria since the
anthropometric data of the Nigerian male bus drivers were not put into consideration in the
designing the buses. According to the objective, the designed data were collected from the
drivers’ compartments and seats of the selected buses for ergonomic analysis. It could also
be concluded that this study had provided appropriate dimension for ergonomic drivers’
seat in the urban buses for Nigerian drivers. Similarly, this study had adequately made
provisions for ergonomic drivers’ seats and appropriate placement of the steering wheels
and pedals in the urban buses to be ergonomically suitable for the Nigerian drivers.
Having achieved this, the ergonomic placement of the steering wheel and the pedal, as well
as the drivers’ seat dimensions within the drivers’ workstations to improve the efficiency
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and availability of urban bus drivers within the scope, various numerical results obtained
from this analysis are hereby recommended for direct use and also for further ergonomic
studies. The anthropometric data are also recommended for other designs and production
of safety and clothing materials such as hand glove, foot wear, goggle, and apron for the
driver and related populations.
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Abstract. In recent decades, the number of researches on access control and user actions in
computer systems has increased. Over time, there have been two models of implementing
Mandatory Access Control (MAC) policies for government institutions and Discretionary
Access Control (DAC) for the business environment, policies that various access control
modeling solutions seek to implement. Among the access control modeling solutions
developed are Role-Based Access Control (RBAC) and Attribute-Based Access Control
(ABAC), presented in the U.S.A. by the National Institute of Standard and Technology (NIST).
In Romania, in 2010, the access control solution based on trust was presented. This paper
presents Mandatory Access Control policy modeling using the trust-based access and
actions control modeling solution.
Keywords: domain, objects, organizations, relation, rules, security, users.
Introduction
For starters, we will do a trust-based presentation of access and action control.
Starting from the requirements of implementing an access control policy for virtual
organizations, ad-hoc, following the studies, a new approach was proposed to restrict users'
access to data and information within a computing system. To present this approach to
creating trust-based access control policies we need to define the following:
• the domain of activity,
• the object,
• group of objects,
• the life cycle or lifespan of an object,
• users,
• user groups,
• delegation,
• restriction,
• the level of trust given to action,
• necessary criteria for establishing the value of trust.
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The trust value is given to a user, or group of users, for a particular field of activity,
or one or more objects in the field of activity.
The domain of activity is a part of the performed activities, grouped according to
common characteristics, such as common technical, economic, or scientific knowledge,
common interest, scope, etc.
The object represents a homogeneous and unitary entity of information on electronic
support, on which the actions are carried out to achieve the purpose for which it was
created.
The group of objects is a collection of objects that have common characteristics or
complement each other to create a description as accurately as possible on reality and
belonging to a field of activity.
One can encounter the situation when an object or group of objects could belong to
several fields of activity, which are modeled within a computer system.
To establish the affiliation of these groups to one domain or another, we will
consider that the object or group of objects belongs to the domain that has the most
interactions with it and possibly ends their life cycle.
The life cycle (the lifespan of an object) is the totality of the steps an object goes
through, from creation to archiving or deletion.
The user is the person who interacts with objects during their existence and
performs various actions.
The user group consists of people who interact with a set of objects within a field of
activity.
Delegation is the transfer of rights and obligations of one user to another user.
The restriction is the revocation of some user's rights.
Definition: We call a trust value, a value assigned to a user or application that
corresponds to an action taken on an object.
The criteria necessary to establish the trust value are an arbitrary set of conditions
that a user must meet to be granted a certain trust value to perform certain actions [1].
The access of trust level is a value assigned to an action that can be applied to an
object or group of objects and for which a user or group of users receives permission to
execute the action.
To create a logical mechanism for controlling access to objects, we will formalize the
principles set out above. For this, we will make the following considerations on the
elements we will work with.
We define a hierarchy as a finite set of finite values (H1 ≤ H2) [2 - 8].
We define a sub-hierarchy (I1 ≤ I2) as a subset of a hierarchy (H1 ≤ H2) if (I1 ≤ I2) ⊆
(H1 ≤ H2) [2 - 8].
There is the possibility of interaction between objects and users, i.e., a user can
perform certain operations on an object like Read, Create, Write (update), Append , Copy,
Rename, Delete, Archiving, Approval, Etc.
We call the interaction between the object and the user action and we write it down
with ai. The totality of the actions creates the set of actions.
We define a relation as a connection that exists between two elements x and y that
belong to disjoint sets and that can be expressed in the form (r, x, y).
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A relationship of trust is a relationship that can be quantified by values between a
minimum and a maximum value, values arbitrarily set, which correspond to the levels of
trust used from "no trust" to "blind trust."
If r = 0, there is no trust relationship between x and y, and when r x v= max (value),
the trust is full. Between these values that represent the two extremes of the relationship,
various actions can be defined that can be applied to the elements, depending on the value
of the trust relationship applied to a user or group of users, for an element or category of
elements.
Definition: An action "a" of "x" on "y" can only take place if the value of the
relationship between "x" and "y" meets the minimum condition required to perform the
action [2 - 8].
Thus: if r = 0 ∨ rel(r, v) = 0 (v = the minimum condition for which ∃a) ⇒ ¬a, otherwise
rel(r, v) ⇒ a.
Therefore, the control of actions "a" can be based on the value assigned to "r".
If "r" has a value equal to or greater than "v", and the condition is as "r ≥ v" then "v" =
the minimum required to perform an action, therefore "r" corresponds to all actions whose
value is more than small as r or equal to "v". If no value is set for "r", then it is considered "r
= 0".
If the condition for performing an action is "r ≤ v", then "v" = the maximum required
to perform an action.
Given that "v" = the strict value for which ∃ a ⇒ ¬ a, otherwise r ≡ v ⇒ a. So the
action can be executed only if r ≡ v. We can therefore define the conditions necessary to
apply a confidentiality policy.
Let Oi∈GO, GO∈Di ∧ Pi∈P where Pi=(p1,p2,…pk…pn) , and pk=Hk(Ak) ⋃ Hk(Ek) ⋃ ∑Fk for ∀Ak, ∃(Uk
∈ Gm ⇒ ∃Ru, Ru(Uk) = Ra(Ak) ∧ Ru(Uk) = ≤ Rg) ⊕ ∃(Ux ∈ Gm⇒∃Ru, Ru(Ux)=Ru(Uk) ∧ ∃dev(Uk) for Ux) ⊕
∃(Ux ∈ Gm ⇒ ∃Ru, Ru(Ux)=Ru(Uk)∧ ∃dev(Uk) for Ux⇒ rev(Uk)∈ RE ∧ ¬∃rev(Ux)∈ RE )
Where:
Ak = an action applied to an object,
dev = delegation received from any user Uk,
DE= the multitude of delegations,
Di = The domain to which an object belongs,
Fk = flow sequences,
Gm = The user group to which any Uk user belongs,
GO = Group of objects,
Hk (Ak) = the hierarchy of actions corresponding to the subprocess pk,
Hk (Ek) = hierarchy of events,
Oi = Object I,
Pi = The process suffered by Oi,
p1..pn = the set of Oi threads,
Ru = confidence value for user Uk to perform an Ak action on the Oi object,
Rg = confidence value for the group Gm,
Ra = the confidence level required to act Ak on the object Oi,
rev = restriction applied to a user Uk,
RE = set of restrictions,
Uk = the user designated to perform the Ak action,
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Ux = any user belonging to the group Gm.
In the above, we presented the condition for creating a policy based on trust. Its
purpose is to determine the conditions for making tuples of the form {Di, Oi, Ukx, (Akx, revx,
devx), Ru}, which are trust-based access control policies applied to a user at a given time, to
control its actions and which can be applied in shaping the various types of standardized
policies.
For objects, the corresponding tuples are of the form {Di, Oi, Ak, Ra}.
MAC policy modeling
Documents used in the areas of national, military, and government security are
labeled according to their classification levels. In general, they range from Unclassified
(anyone can see this) to Secret Service, Secret, Strict Secret, Secret of great importance.
These levels correspond to the risk associated with the communication of information. Each
level of classification can be associated with a scalar that represents a reliable value.
To ensure the information, not only the classification levels of the objects are used,
but their compartmentalization by areas of interest is used. Each object is associated with a
field, and if it is desired to respect the principle Need to know- access to information should
be granted only if it is necessary to perform the duties. (The need to know is an instance of
the least privileges.) Domains are used to manage this breakdown of information. For
example, an object associated with the fields {biology, genetics} can only be accessed by
subjects who need to know about both biology and genetics. An object associated with the
empty set {} simply does not refer to any required domain.
A label is a tuple that describes a level of information classification and a set of
domains. A document can be labeled (Secret of great importance, {biology, genetics}) if it
contains extremely sensitive information about biology and genetics. In practice, each
paragraph of a document is assigned a set of areas and a sensitivity. The classification of
the whole document would then be the most restrictive classification given to a paragraph
in that document.
Users are also labeled by the security clearance. User authorization, like the label of
a document, is a tuple consisting of the classification level and a set of domains.
MAC policy models mainly follow the following rules:
1. no read up
2. no write down
Using trust-based access control and action policies to implement MAC policies, we
need to add the following two rules:
for ∀ Oi⇒ ∃ Vo, ∀ Uk with Cu ≥ Co⇒ Ak where Ak= Read
for ∀ Oi⇒ ∃ Vo, ∀ Uk with Cu< Co⇒ ¬ Ak where Ak=Write
where:
• Cu = Uk classification label
• Co = Oi classification label
Implementing MAC policies
In the following, we will present a model for implementing MAC policies for a
computer system Si, which must serve several groups of users Gm(x) where x = (1, ..., n), who
have access to objects from various areas of access with the help of trust-based access
control and actions.
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Access control policies and trust-based actions require the existence of {Di, Oi, Ak, Ra}
tags attached to objects and {Di, Oi, Ukx, (Akx, revx, devx), Ru} attached to users.
Under these policies, the Cu and Co classification labels will be replaced by Ru (Ak) and
Ra(Ak), respectively.
An object in a domain to which a MAC policy applies, in addition to the privacy label,
the domain to which it belongs, is attached for each action it can support, a trust value that
a user must-have to be able to perform a certain action: Sd = the set of defined areas of
interest; Sd = {Di (i)}, i = (1,..., n) and Di (i) = a domain of interest
For ∀Oi ⊂ Di(i) ⇒ ∃ Ra, Ra = the confidence level required to withstand the action of
Ak.
Therefore, for the Oi element, we must have attached a tuple formed the level of
sensitivity (domain confidentiality), the domain, and the level of trust attached to the action
to be applied to the object.
Thus, for a user to be able to apply a certain action on an object in addition to the
label with the security level he has for that domain, he also has attached the trust level for
the action for which he is authorized, and his actions must take into account the rules
presented above.
That is, for Ak(Oi) ⇒ ∃GO(x) having attached {Di (i), Rg} where Ak⊂Hk, Hk={∅,Ak(n)}.
Therefore, we can say that:
For ∀Ak (Oi), Oi {Di,Ra) ⇒∃ (Uk,Uk { Di,Rk} ∈ Gm) ∨ ∃(Ux{Di, Rk(x)} ∈ Gm ∧ ∃dev(Uk) for Ux)∨ ∃(Ux{Di,
Rk(x)} , Rk(x)(Ux)=Rk(Uk) ∧ ∃dev(Uk) for Ux⇒ rev(Uk)∈RE ∧ ¬∃rev(Ux)∈RE ) ⊕∃ (Ux {Di, Rk(x)}) for Rk ≥ Ak
∧ Rk(x)≥Ak
• if Ak = "read" then Uk ∨ Ux ⇒ Ra ≤ Ru ;
• if Ak = "write" then Uk ∨ Ux ⇒ Ra ≥ Ru.
Implementation of the invocation policy: Let S is a set of applications that have
attached a confidence level and a domain of applicability i.e. ∀si ∈ S ⇒ ∃{Di, Rs}, ∀Ui{Di, Ru}
can also execute if Rs ≤ Ru and Di(si) = Di(Ui). A si can interact with an Oi, if and only if Rs ≥ Ra.
System architecture
To implement the system, we will create:
1. a Policy Creation Point
2. a Policy Storage Point
3. a Document Status Point
4. a Document Storage Point
where:
The policy creation point is where the person responsible for implementing access control
policies and actions creates policies for each application that accesses documents from the
document storage point.
The storage point for policies is where they are stored and are accessed by each application
after the user has been logged in.
The status point of the document represents the point where each document to be
processed by a user, has recorded the hierarchy of actions that can be applied to him, and
the action to be applied to him, the active action at that time.
The document storage point is the location where the documents are located and will suffer
from user actions.
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Figure 1. System architecture.
Thus, the person responsible for implementing access control policies and user actions
(Figure 1), updates the policies, which are stored in the Policy Storage Point. The user
launches the application that asks him to authenticate. It authenticates and the application
downloads the policies that apply to the user. From the Document Storage Point download
the documents to which it has access. After updating them after the application interacts
with the user, they are stored in the Document Storage Point and the status of the
document in the hierarchy of actions that it must support is updated in the Document
Status Point.
By the status of the document, it is possible to determine the route on the book the
document had and, what is its next stage.
Changing the status of the document is important, as it does not allow access by a user
within the user hierarchy, which does not correspond to the hierarchy of actions that apply
to the document. And the changes made to a user with higher credentials cannot be noticed
by a previous user.
In this way, the two important conditions of the MAC model:
1. no read up
2. no write down,
are respected.
Creating the hierarchy of actions that can be applied to objects.
In [9] the importance of the workflow for designing access control policies and actions was
presented. An example of workflow modeling was taken, starting from a request for rest
leave where the importance of the workflow was shown. That example was for some
organizations. Creating the action hierarchy allows for two things:
• creating access control policies and user actions,
• create the status vector for a document type.
Note that the status vector created is a template for that document type.
When creating a new document, a document status vector is created based on the projected
model. If in paper [3] we presented how to build access control policies and actions, in this
paper we will detail how to build the state vector and its importance in modeling MAC
policies.
We will present a workflow model for approving a loan in a lending organization.
The applicable legislation in the field is European legislation on the protection of personal
data (GDPR) [10], legislation on banking secrecy EMERGENCY ORDINANCE no. 99 of 6
December 2006 [11] and Moldavian Law 195 of 15-07-2010 [12].
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Legislative conditions do not allow the data to be made public and the staff involved to
ensure the confidentiality and integrity of customer data.
The table 1 shows the stages of the workflow and Figure 2 shows graphically the workflow.
Table 1
Step
1

2
3

4

5
6
7

The stages of granting a loan
Actor
Object
Action
Client
Request
Completion of credit application,
submission of documents, and
credit guarantees.
Credit officer
Request, file
Application registration, opening
credit files for the client.
Credit officer
File
Verification of credit documents
file/request for additional
documents.
Head of credit bureau/
File analysis
File analysis, proposal granting, or
service
(grant / rejection
rejection of file.
report)
Organization leadership
Decision to grant
Approval/rejection of credit file.
/ reject
Organization leadership
Credit account
In case of approval, a credit
opening decision
account is opened.
Organization leadership
Notification
Notify customer approval or file
rejection

The following steps are required to approve a loan:
1. The client goes to the lending organization where he requests a loan that the
lending agent registers.
2. Along with the request, the client brings certificates from the employer regarding
the duration of the employment contract and the income he has.
3. The credit officer registers the application, takes over the attached documents,
and opens (creates) the credit file.
4. Then analyze the documents and depending on the creditworthiness of the client
and the amount requested, may require additional guarantees consisting of goods
or guarantors. Also, check the client's history in the C.R.C. (Credit Risk Center)
following the possible records about the requesting client.
1. After setting up the guarantee requested by the organization, the credit officer
forwards the credit file to the head of the credit bureau/service with a proposal
for approval or rejection and the history of credit risk incidents.
2. The head of the office/service in turn proposes the approval or rejection of the
loan by the bank's management after analyzing the file.
3. The bank's management approves or disapproves the loan.
4. Under the conditions of credit approval, a credit account is opened for the client
and he is replenished with the required amount.
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Figure 1. Workflow - graphical representation.
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Analyzing the steps in Table 2, we can now create the status vector for the credit-granting
computer application. For this, we will create a structure of the form, “stage, object, action,
status”, where status can have one of the forms, active/inactive, true/false… etc.
Table 2
Step
1
2
3
4
5
6
7

Object, action, status
Object
Action
Application
customer request posting
File
file record
File
check dates/complete dates
credit report
eligibility check
credit/credit decision ratio
credit validation
Account
open account
Decision
customer notification

Status
inactive
inactive
inactive
inactive
inactive
inactive
inactive

The status vector model is in the form of:
Status(1)=”inactive”
Status(2)=” inactive”
Status(3)=” inactive”
Status(4)=” inactive”
Status(5)=” inactive”
Status(6)=” inactive”
Status(7)=” inactive”
The start of the lending process causes the status from inactive to active change and
applying user actions to objects involves going through the steps within the workflow. An
action cannot be initiated if the previous action has not been completed.
Creating the status vector of objects, and mentioning the existing active state at a
given time, allows the implementation of a MAC control policy by imposing the following
conditions:
1.
2.
1.
2.

at any time of the status vector scrolling can only be active one status value,
each stage is consecutive to the previous stage, which implies:
no object in the status vector can be accessed simultaneously with another object,
once the activity on an object is completed by a user, the object corresponding to the
next step is accessed by the appropriate user,
3. the user who can access the object must be part of the user hierarchy corresponding
to the hierarchy of objects and the trusted access value must be corresponding to the
required confidence value for the object,
4. the current user has the confidence level equal to the trusted value of the object
accessed,
5. an object after that has been accessed and various processes have been executed on
it, receives the required higher trust value according to its processing flow.
6. Trusted policies for access control and applied actions are strict enforcement policies
that mean each user can access an object only if it has a confidence level equal to
the trusted value of the object accessed.
The objects involved are documents provided by the customer, internal analyses and
reports on the customer's creditworthiness and credit history, other documents necessary
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for the granting of credit, applications built in the accounting of customers, credit
applications, amounts credited, and records of payments and arrears.
For our example, the application for a customer record, the evolution of credit demand, and
the management of credit documents are required.
The customer record application allows registration (temporary in the first phase, until the
credit application is resolved) to the customers of the organization. This application is not
accessible to users in different "credit" domains.
The application to record the evolution of the credit application allows tracking of the
stages of the application, and updating its status vector, and is available to users in the
field "credit".
The application for the management of the documents required for crediting shall contain
in electronic form the documents submitted, created, and updated during the information
flow of their processing.
If the first two applications can be implemented through basic bases where the
implementation of user control, domain and sensitivity level (trusted value) is easier to
implement through access and action control, the third application can be implemented
through messaging systems, and/or shared folders.
In this case, to ensure data protection and control of the user's access and actions,
documents must be placed in a labeled container. The label must contain the sender, the
scope, the description of the contents of the container, and the level of trust required to
access the container. The recipient may or may not be mentioned. The existence of the
necessary level of trust restriction prevents documents from being accessed. A possible
deployment format in xml is presented below:
<?xml version="1.0" encoding="utf-8"?>
<document_container>
<etiquette>
<sender>xxxxxx</sender>
<description>a…..z</description>
<domain>yyyyyy</domain>
<trust_level>n</trust_level>
<global_action>RW</global_action>
</etiquette>
<documents>
<doc1>
<name />
<action />
<content />
</doc1>
<docn>
<name/>
<action />
<content />
</docn>
</documents>
</document_container>
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The use of containerization allows documents to be kept in a homogeneous space
that allows the simultaneous handling and management of all categories of documents
belonging to a credit application.
Switching from a lower processing point to a higher one by going through the
processing flow hierarchically is done after updating the required level of trust and
simultaneously updating the status vector.
This way you can find information about the status of documents and ensure the
confidentiality and integrity of documents and the processing process.
Conclusions
This paper outlines how to implement MAC policies in general and BIBA in
secondary through access control policies and trust-based actions.
The use of access control policies allows both application modeling, by controlling
user access and actions, and information systems in their complexity, allowing a high
granularity control over them.
Controlling user access and actions by applying a strict policy (Ru=Ra ), allows easy
design and implementation of the above-mentioned policies (MAC and BIBA), making it
easier for both the analysis and programming part of the information system to be.
This paper was presented to present the advantages of using access control
solutions and trust-based actions, not only at the application level, but also at the design
level of a computer/ information system and, shaping various types of policies and ensuring
the integrity of documents.
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Abstract. The article examines some new algorithms and focuses mainly on suggesting new
working topologies for software-defined controllers in order to ensure SDN security and to
prevent the occurrence of a potential central point of failure (SPOF) by overcoming the
centralization problem. This is a positive feature of the SDN structure, but could also be a
threat, caused by the use of several controllers in different working topologies. This article
focuses on exactly one of the suggested topologies, which features and models based on
the Petri Nets system. The usual topology of a single controller is compared to verify the
advantages and privileges of the proposed serial topology over the existing one. The paper
tries to obtain a formula from the modeling of the serial topology and its advantages over
the usual topology and that formula will be used to measure the level of security or the
defense capacity of the network defined by the software against cyber attacks; in particular,
denial of service attacks / distributed denial of service attacks / DDoS.
Keywords: blockchain, east-westbound API, GSPN, hydra, petri nets, RSA, virtual private network.
1. Introduction
In previous articles [1 - 3] we discussed software-defined networks and what that
title means and that it is not a new technology in precise but more like a new methodology
of managing computer networks. So, basically the name meaning encompasses networks
that are based on software or programmable networks and that is done basically by
decoupling the control plane which is like the brain of the network management device
from the forwarding plane which is like the muscle of the device and that will leave the
switches as mindless dumb devices with a sole purpose of forwarding data packets as per
the rules mapped and issued by the control plane which is in turn represented by a
software-based or a hardware-based controller that will be connected to the data plane or
network switches using a TLS-based protocol like OpenFlow [4] which is the most
prominent used one in SDN currently. Now it is noticed that SDN has a great deal of
advantages for the world of networking but, it also raises new security challenges as it
solves and patches other security issues; some of the advantages it provides are:
•
Dealing with growing technology needs: The amounts of the deployed
internet connected devices like (Ipads, smartphones, and IoT devices etc) are really soaring
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up and with the new technologies like cloud technologies there is a growing need to
develop computer networks to be able to keep up with these gigantic amounts of data that
are created due to the previous reasons, and Software-defined networks could be a
potential solution for that issue.
•
Flexibility: Due to its programmability; the SDN can open the domain to
develop new apps as per user, administrator or enterprise requirements also, that will free
the consumer from vendor-based equipment hence, more freedom.
•
Cost saving: Despite that it is a new way of managing networks but, it has a
backwards-compatibility with legacy network devices and that means that is possible to
work with SDN environment using classical network devices so, there is no need to change
the entire equipment hence a big reduction on cost.
•
Security: The centralization provided in this new paradigm represented by the
control plane which could be usually one controller and it could be multiple controllers
means that there will be one entity or brain capable of controlling, monitoring and
managing the status of the whole network with the ability to enforce policies in the
network from a central point with no need to configure every single switch in the network
which will reduce that time needed and takes a big amount of the burden of configuring or
changing policies in every single network node and that means reduction of human error;
not to forget that this single point of management will be capable of filtering the data
packets through restrict rules that will provide a granular control over the networks data.
• Enhancing data flow: The SDN controller is capable of identifying multiple paths for
each flow; meaning that this permits the flow’s traffic to be distributed and divided among
multiple network nodes. And that will give a better enhancement of the performance of the
network.
Now as we addressed its advantages; we have to address some of the main issues or
security challenges SDN raises to give a neutral overview and those issues are:
• Centralization: Despite that centralization of SDN architecture is one of the main
positive features of SDN and an advantage in SDN over the classical architecture on one
hand but on the other hand it represents a potential threat itself in the same time by
creating a single point of failure.
East-westbound API: In multi-controller topologies there are a channel that connects
between every two controllers and that channel is an application programming interface
API called east-westbound API [5] since that the connection between the higher planes and
the lower planes like control and data planes is referenced by the directions north and
south. There is not much concentration on them, and it could be vulnerable to some cyberattacks like MITM [6], DoS or DDoS [7] types of attacks which have a destructive effect [8].
• Security level assessment and defense ability measurement: most works that try to
do some modelling for computer networks and measure security their level based on some
existing general laws of risk assessment or try to conduct some specific mathematical
analysis for that particular instance of network. To the best of our knowledge there’s no
fixed solid security level assessment methodology for software-defined networks due to
many reasons like; their dynamic and ever-evolving properties, various topologies, different
numbers of controllers used, etc.
The proposed solutions for the previous issues could include a suite of some
algorithms and SDN controllers’ topologies organized together as a full framework that
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could be incorporated with the SDN environment to enhance it and patch up the
aforementioned issues.
First it is needed to describe the algorithms briefly and after that the topologies will
be discussed briefly as well, with a main concentration on the firstly proposed serial
topology here in this article.
Those algorithms are optional to be incorporated with the three proposed topologies or
with any other SDN controllers’ topology; that’s why in the later described petri nets
modelling they will not be incorporated with the SDN controllers’ topologies and also since
we want to give a pure description of those topologies and derive a formula that will
address the security level of the software-defined network that leverages that specific
topology; if it was based on one of the 3 proposed topology in this research of course.
2. Proposed Algorithms
In this article we elaborated and proposed the main methods and algorithms to be
integrated together in a whole framework to solve the problems noticed in the research:
• Hydra: we have designed a framework that contains the next algorithms with
some techniques incorporated alongside those methods like counter measurement
precautions to counter attack the Denial of Service/ Distributed Denial of Service
(DoS/DDoS) attacks [9]; by installing botnets [10, 11] into network computers connected to
the controller that has the Hydra software to make them as potential zombie guards to
attack the attacker’s IP.
• VPN: virtual private network (VPN) is well known for its ability to secure
connection channels through its technique that is known as internet protocol security
(IPsec). It is capable of creating secure communication virtual channels between connected
nodes and since it is widely used in different networks then it is possible to include it into
the proposed framework. A VPN is needed to specify a certainty that the confidentiality of
sensitive data can be kept transmitted on the network a Local Area Network (LAN) or
workable so that only authorized users are able to access sensitive data [12]. We have
established the usage of VPN. Basically it is possible to connect two controllers using the
secure channel of VPN even if they were in the same building and exchange the
information between them securely.
• RSA: RSA (Rivest–Shamir–Adleman) is one of the first public-key cryptosystems
and is widely used for secure data transmission. In such a cryptosystem, the encryption key
is public and it is different from the decryption key which is kept secret (private). In RSA,
this asymmetry is based on the practical difficulty of the factorization of the product of two
large prime numbers, the "factoring problem". The acronym RSA is made of the initial
letters of the surnames of Ron Rivest, Adi Shamir, and Leonard Adleman, who first publicly
described the algorithm in 1977. Clifford Cocks, an English mathematician working for the
British intelligence agency Government Communications Headquarters (GCHQ), had
developed an equivalent system in 1973, but this was not declassified until 1997 [13]. This
algorithm is already used in most network’s communications nowadays but we have
included it here in this framework in a different way and that’s by doubling the channel of
cryptography; meaning that instead of using one public key and 2 private keys for every
encryption-decryption procedure; this framework will use 2 public keys and 4 private keys
and every node will have a channel for sending encrypted information and a channel for
receiving information hence; two channels of encrypted communications.
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• Blockchain: which is also incorporated with the aforementioned framework but in a
different way. As it is known blockchain’s best and biggest participation is in
cryptocurrencies like bitcoin but, it is also used in some other fields and it is already used in
the Marconi protocol [14], but here we have designed the usage of blockchain in a different
way to secure the configuration updates between multiple controllers.
3. Suggested Topologies
We have proposed in this research and in this article different topologies to
overcome the centralization issue which is already an advantage over the classical structure
of networks; since it is giving the software-defined network’s structure the ability to
manage the whole network and facilitate policy enforcement but, at the same time it could
be leveraged as a single point of failure (SPOF) in case of an attack on that point which is
represented by the single controller. Those proposed topologies could leverage the
proposed Hydra framework and whether they activate the framework or not; they can help
to overcome the centralization issue. Those topologies could differ in the number of
controllers used and the kind of interaction between them. In this article we’ll focus on the
serial topology which is the first proposed topology and despite that it could already been
in use by some researches but, here the difference will be in the kind of interaction
between the controllers themselves.
•
Serial Topology.
We designed the serial topology to contain 3 controllers, where there’s a main
controller and 2 backup ones just in case of an attack or a disruption that may stop the first
or main controller. the main controller controls the whole network and its nodes and sends
an update every 10 seconds that informs the backup controllers about any change in the
topology or network configuration every 10 seconds and it also acts like a beacon that
alerts the controllers if there’s a latency in the update message and it took more than 10
seconds then, it will be taken that the main controller has been infected by a DDoS attack
or any type of threat hence, comes the role for the second controller which was a backup to
become the next main controller and the same thing now goes between the new main
controller and the third controller which now becomes the new 1st backup controller until
the previous main one will be maintained and restored then everything goes back to its
previous state.

Figure 1. Serial Topology.
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And of course if the new main controller which was previously the second one got
attacked as well then, the same procedure will be applied and it will be replaced with the
third controller. Of course the assignment of controllers could be by using a priority number
to choose the main, the first backup (second) and the (second backup) third controller. And
as mentioned above in the Hydra section, a botnet program will be added to all controllers
so that they can install it in the computers connected to them for a counterattack
measurement to disrupt the attacker’s machine and prevent it from continuing its attack by
creating a DoS/DDoS attack on it or by sending a simple virus to it that will stop it or force
it to restart then the next procedure will be isolating or blocking the IP of that attacker’s
machine.
• Ordinary Topology.
Here we have a basic topology of software-defined networks, where we have one
controller that controls the whole network, it controls the switches and they control the
rest of the network of course; here the controller will be serving the computers by serving
the switches that transfer the requests of the computers.
But, here if we have to many computers requesting to be served or a DoS/DDoS
attack on the controller and that attack was somehow able to disrupt the server/controller
and we don’t have a backup controller that works with our main controller hence, that will
stop the controller with no substitute and it might jeopardize the whole network by
stopping it or hacking into switches by controlling the controller itself or by giving the
network commands to let unauthorized entities or devices to be connected to the network
and that will mean the end with no ability to recover. The figure 2 below shows an example
of the ordinary one-controller topology.

Figure 2. Ordinary Topology.
4. Petri Nets Modelling
Petri nets field was invented by Carl Adam Petri for the purpose of describing
chemical processes. A Petri net, which is called as a place/transition (PT) net as well. It is
described as one of many available mathematical modeling techniques used for the purpose
of modelling distributed systems. Also, it could be described as a discrete event dynamic
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system. The petri net is a directed bipartite graph, meaning that it contains mainly of two
types of nodes which are places (i.e. conditions, represented by circles) and transitions (i.e.
events that may occur, represented by bars). The directed arcs or arrows describe the
direction of the procedure meaning which places are pre or post conditions for which
transitions. Petri nets technique offers a graphical notation for stepwise procedures or
processes that could include iteration, concurrent execution and/or choice. This technique
has an exact mathematical definition [15]. We have used petri nets for modelling of the
serial topology, to have a better understanding of the topology’s capabilities and to derive a
formula from its behavior that could be leveraged to measure the security level of a
software-defined network especially if it was based on that topology.
• Serial topology.
As mentioned earlier; this topology has 3 controllers working as 1 main controller
and 2 backup controllers of course regardless of whether they were software-based or
hardware-based controllers. We have designed this topology using PIPE software that is
based on Petri Nets system.

Figure 3. Serial topology modeling using Petri Nets.
Description of the Serial topology scheme:
1- The main controller will be working normally as the only main brain unit or entity
that manages the whole network behavior, interacting with switches and managing the
requests of hosts through them.
2- The main controller will be sending updates of network configuration every 10
seconds to both backup controllers so that they be up to date and aware of overall network
behavior, status and structure and be able to take control of the network in case of an
attack or any kind of disruption of the main controller.
3- As mentioned before in case of an attack that will disrupt the main controller, the
control and management of the whole network will be handed over to the next backup
controller with the next closest priority number, in this case controller No. 2.
4- A bot will be sent to infect the attacking source and then the attacker’s IP will be
blocked in one direction like what happens with the access control list so that we can still
control it but it cannot reach our network, and the infected controller will be blocked and
isolated as well.
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5- The new main controller which was previously the backup one now manages the
network and sends information updates of network configuration to the remaining backup
controller till the maintenance of the previously main controller finishes. The table 1 shows
the description of places.
Table 1
Description of Places
Place
P1
P2
P3/P7/P11
P4/P8/P12
P5/P9/P13
P6/P10/P14

Description
Packets processing by main server or controller/ the input place that
sends data tokens
Selection of servers
Allocation of servers
Server 1, 2, 3 Active processing
Server 1, 2, 3 Free controllers
Attack

While the table 2 shows the transitions descriptions.
Table 2
Description of Transitions
Transition
T1
T2/T7/T13
T3/T8/T14
T4/T9/T15
T5/T10/T16
T6/T11/T17
T12/T18/T19

Description
Generated task i.e. packets processing
Selection of servers 1, 2, 3
Allocation of servers
Task processing
Exiting the stage
Restoring the controller
Updating the information and going back to initial stage of controllers

• Ordinary Topology.
As shown in the figure 4; this modelling represents the usual ordinary topology with
a single controller and shows its weakness points.

Figure 4. Ordinary topology modeling using Petri Nets.
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Description:
1. This topology is just representing the usual, simple, basic structure of Softwaredefined network using one controller.
2. It’s just modelled for the sake of comparison to show how much effective our
framework is with its proposed topologies.
3. This model shows how a one controller is really vulnerable and ineffective since
there’s a single point of failure (SPOF) which we want to overcome.
4. We have here one controller that processes switches’ requests normally until an
attack occurs.
5. In the case of an attack the above design shows that an attack can disrupt the
controller and everything that relies on it since there’s only one main controller. so,
everything falls apart after infecting the controller and the whole network will be
compromised. Which means that this topology has zero fault tolerance. The table 3 below
shows the places of the diagram.
Table 3
Description of Places
Place
P0/P1/P2
P3
P4
P6
P7
P5

Description
Selection of switches
Main controller/ server
Active processing
Processing next request/ getting back to initial state
Sending and receiving requests
Attack on server/controller

The table 4 describes the transitions of the petri nets diagram.
Table 4
Description of Transitions
Transition
T0/T1/T2
T3
T9
T6/T7/T8
T10

Description
Sending requests to controller
Active processing
Initial state/ replying to switches
Selection of switches
attack

5. Defense Factor Formula: Derived from the Petri Nets modelling
• GSPN Module.
We have created a simple comparison between the 2 topologies in terms of Average
Number of Tokens on places that represent the SDN controllers, where the tokens represent
how many tasks or configuration updates the controllers have to implement every 10
seconds and the less busy controllers they are, the better it is; since it shows that the
network controllers are less DoS/DDoS attacks prone and more capable of handling these
attacks and dealing with them. In this comparison we left the weight ω of immediate
transitions intact and gave the rate r of timed transitions a value of 0.1 since that we need
those configurations of the network to be broadcasted every 10 seconds and that means
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that every 10 seconds the model state will change. The relationship between the time and
rate/weight can be shown as below:
τ=

1

(1)

r

where τ represents the time, r represents the rate of timed transitions. That’s why, if
we want the time to be 10 seconds then, we have to change the rate value to 0.1.
We gave the models a fixed value of firings for the transitions in each model which
is 20 firings and the result was as shown in the table 5.
Table 5
Average Number of Tokens in Places Representing SDN Controllers Using GSPN Module
Algorithms
Places/ki
P3
P7
P11

Serial Topology/ ZKi

Ordinary Topology/ ZKi

0.16337
0.06867
0.13233

1.99975≈2

As inferred from the table 5 it is possible to notice that using this topology; the average
number of tokens which is the average number of requests dealt with by the controller per
unit of time is really reduced and small as compared to the average number of
token/requests dealt with by the controller in the ordinary topology and that could prove
the efficiency of the topology as compared to the efficiency of the single-controller SDN
topology.
• Elaboration of the Defense Factor formula.
According to previous table 5 we can notice that the serial topology will be better
since its model is empty of tokens most of time during which the firings took place and that
means that this network topology was less occupied with tasks or its controllers were more
available in unit of time hence, more capable of resisting DoS/DDoS attacks.
Now after leveraging the PIPE software and the GSPN module it has; to determine those
results mentioned previously, we have elaborated this equation based on the acquired
results and based on the relationship between the readings gained from the different
simulations, meaning the equation to assess the security level of networks especially the
software-defined networks against cyberattacks especially those that could leverage the
busy or flooded servers as a weakness point like DoS/DDoS attacks; we named this
proposed equation as the network defense factor against cyberattacks law. Before we use
this law or equation, we need to describe the basis of this law itself and how and why it
was formulated. First we have to emphasize that this law is formulated for different kinds of
attacks but it is especially used for DoS/DDoS attacks risk assessment due to its main
concept or feature that it depends on; which is how many operations are conducted by the
controller/server, means how many requests that the controller is dealing with at a specific
unit of time and as we know and mentioned before that denial of service and distributed
denial of service attacks DoS/DDoS are depending mainly on flooding the target with huge
amounts of request packets to disrupt it or stop it completely so, the less the targeted
device is occupied the better it is; because it will be more capable of dealing with that big
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amount of requests hence, it will have a better security defense level and longer time to
respond to use its defense mechanisms like intrusion detection and intrusion prevention
systems IDS/IPS, firewalls, etc. The law shows that the less requests a controller has the
better security level and higher defense abilities it has and vice versa so, it’s an opposite
relationship between the number of requests being handled at a specific unit of time and
the Defense level assessment. And as we know since this research focuses on assuring the
security of the computer network generally and the security of the software-defined
network in precise especially the control plane in its structure. And we have the control
plane represented by the controller as our main element of interest to secure and also the
main component of the SDN that we need to determine its security level, then it is of a
great deal of importance to include that element mainly in the formula to figure out its
security level hence, finding out the security level of the network itself.
In other words, let defense factor be DF then:
DF=f {K, Z}

(2)

Where K is the number of controllers in the network, and Z is the number of requests being
served in each controller at the current unit of time. If we use the aforementioned
relationship with the Petri Net models we have; then we can get a relationship between all
of them which is our aforementioned equation that can be applied using the terms of Petri
Nets as well. In terms of petri nets the requests will be represented by how many tokens are
there in specific places which in turn represent specific nodes in the software-defined
network and those specific nodes of interest are the SDN controllers. In the equation places
representing the SDN controllers are denoted as K, where K ∈ P which is the whole group of
places in the petri nets PN model, which in turn is a tuple of 5 objects, Pn= (P, T, I, O, M0),
where P is the finite set of places, T is a finite set of transitions, I is the input function, then
we have O for output function and M0 is the initial marking. So, here is the equation to
measure the defense factor for a software-defined network that is based on one of the 3
specific topologies we proposed previously:
DF= ∑i=n
i=1 k i ⋅

1

z=∞

�

z=0

Zki

(3)

Where Ki as mentioned previously is the number of the places that represent the controllers
in a specific model, Ki= (K1,K2, ……..Kn) and ZKi is the value of tokens in those places Ki, Zki =
(0,……., ∞).
Let A =

∞
<1
A= �
1
0

�

1

z=∞
z=0

zki

, (Z) = 0
, (Z) > 1
�
, (Z) = 1
, (Z) = ∞

(4)

(5)

So if we apply the values obtained from that simulation module’s table on this proposed
formula we have; then the Defense Factor for the ordinary single-controller topology of
SDN will be:
DFO = Koi.1/Zoi =1x (1/TP3)  where TP3 is the value of the average number of tokens in the
place No.3 (P3), then.
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DFO=1x1/1.99975 = 0.50
While the Defense Factor for the proposed serial topology of SDN will be:
DFS= Ksi.1/Zsi= 3x (1/TP3+TP7+TP11)  where TP3, TP7, TP11 are the values of the average
number of tokens in those places respectively, then.
DFS=3x1/0.36437 = 8.23
And as it is noticed here, the serial topology has a higher defensibility than the ordinary
one. The table 6 below presents a comparison between the different topologies in their
Defense Factor results.
Table 6
Comparison between Different SDN Topologies based on Their Defense Factor DF
Algorithm
Serial Topology
Ordinary Topology
Defense factor DF

8.23

0.50

Conclusions
• This article focuses on assuring the security of software-defined networks in order
to make them a safer environment hence, securing computer networks in general by
facilitating their transition to the SDN paradigm.
• In this article we have given a brief explanation of the algorithms proposed by us
and that will be explained in later articles. They’re incorporated together to form the Hydra
framework.
• We have designed this framework to be used optionally by the other part of the
solution which is the topologies proposed to overcome the centralization point in the SDN
structure which is an advantage itself since it facilitates the management of the network
but, it raises some new security challenges in the same time as well; like the single point of
failure (SPOF).
• We have proposed three topologies for the SDN controllers in the research, and
here we concentrate on one of them which is the serial topology.
• This article gave a modelling for the serial topology using Petri Nets system to
derive a formula that can be used to assess the security risk level of the software-defined
network that leverages one of the proposed topologies.
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Abstract. A full understanding of the physics and statistics of the defect generation is
required to investigate the ultimate reliability limitations of manufacturability of MEMS and
NEMS. In order that the user can include electronic components in circuits to achieve errorfree and reliable functional units, assemblies or devices, must he has understood the mode
of operation of these components. Only knowledge of their parameters and special
properties allows, according to data sheet specifications and manufacturer's documents the
optimal components for a specific application, to select. Both for the analysis of electronic
circuits and for circuit dimensioning are knowledge of the structure and function of the
used components of semiconductor electronics absolutely necessary.
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wafer-level reliability

Introduction
An failure mode (FMo) is the external symptom of the failed product: for example, a
bipolar (Bi) transistor has a short circuit between emitter and collector. Why has this
happened? Because a physical process (e.g. a diffusion pipe) led to failure, which is the
failure mechanism (FM) in this case. So, the totality of physical and chemical processes
leading to failure composes the FM.
In all cases, a failure analysis (FA) must start from an FMo, leading to identification
of the FM, because [1]:
• Corrective actions for improving reliability by minimising (or avoiding) this FMo can
be elaborated only if the FM is well understood. A reliability growth programme is needed,
coupled with management strategy change so that more FMos identified during testing
actually receive a corrective action instead of a repair [2].
• FM identification is essential for the reliability of accelerated testing because:
– FMs produced by high-level stress cannot be different to those observed during
actual service conditions;
– The obtained degradation laws must be extrapolated beyond the time period of
the test and the extrapolation must be made separately for each population affected by an
FM.
We must also add that some FMs may induce another FM (e.g. corrosion can lead to
sticking/binding). Due to the presence of two FMos, the thermal cycle statistical behaviour
is described by a bimodal lognormal failure distribution. There are age-related FMs (such as
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hot-carrier or metal migration) that limit the long-term performance of the semiconductors;
all these FMos are far worse at geometries below 0.25 µm. A methodology based on an
early detection system has to be developed, correlated with a library of the cells available
for semiconductor designers to include on their designs, in order to provide a measure of
safety and assurance that the deployed systems will maintain robust performance while in
service [3].
Obviously, this distinction between FMo and FM also works at system level, where an
FMo is the wrong operation of one circuit in the system and an FM (identified by FA at
system level) might be a design fault, or the failure of a component of this circuit. If this FA
is continued at component level, a new FMo is noticed, which is the former FM at system
level. So, to find the root cause of a failure, one must go deeper, to the component level,
and not stop at the system level. Consequently, the ‘real’ FMs are only those found at
component level. This can be seen by the fact that FA at component level provides detailed
explanations not only about the structural degradation processes of the device, but also
about the degradation issues of the materials used to build the device (degradations during
device processing or later, during device operation). So not only the component level but
also the material level is covered implicitly. This is the reason why in the following only FMs
at components level are detailed.
FMs can be grouped in various ways, depending on the purpose of the analysis
performed. According to where in the component they develop, Hakim proposed the
following classification [4]: bulk, interface, oxide, metallisation and packaging. Bulk
material and interface properties usually define the intrinsic reliability characteristics, while
defects establish the extrinsic reliability characteristics.
FMo and FMs at various process steps
The reliability of a product is built during the manufacturing process. This statement
seems obvious today, but not many years ago there was a strong belief that reliability was
something that could be ‘added’ to a final product by a clever combination of tests for
reliability selection. In real life, in order to achieve a product with a given reliability level,
one has to take reliability issues into account even at the design phase and continue to
monitor them during the whole fabrication process, because the FMs are initiated at the
process steps. Once the final product has been obtained, the only thing that can be done is
to eliminate the weak items from a batch of components by an appropriate reliability
selection programme (e.g. burn-in). This will improve the reliability of the whole batch, but
not the reliability of each item. The only way to produce a component with a high intrinsic
reliability is to avoid the FMs initiated during the manufacturing process.
The manufacturing activity of an electronic component has two main phases: the
wafer-level (‘front-end’) process and the assembly (‘back-end’) process. The failure risks that
may arise at the specific process steps of these two phases are detailed below.
Wafer Level
There are two reasons why wafer is the favourite target for FA: (i) many interesting
physical and chemical phenomena are involved in component degradation and failure and
(ii) the wafer is a collection of reliability risks, hence almost any process step may induce a
new FM or increase the action of FMs induced by previous steps. This is why a huge
quantity of literature has been written on this subject and various techniques for waferlevel FA have been developed. For example, optical microscopy, scanning electron
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microscopy (SEM), transmission electron microscopy (TEM), voltage contrast, conductive
atomic force microscopy (C-AFM), energy-dispersive X-ray spectroscopy (EDX) and Auger
microscopy are all used in sample inspection, where the samples are prepared by parallel
lapping, focused ion beam (FIB) cutting, x-sectioning, wet etching or HDP dry etching [5].
Since the 1970s, test structures 1 have been used for process monitoring. First, the
process is qualified using traditional lifetime tests. Then wafer-level reliability (WLR) fast
tests can be used to provide a so-called statistical signature of the process reliability. If the
WLR measurements on product wafers show a similar distribution to those observed on the
qualification lots, it can be assumed that the reliability of the devices on the wafer will be
statistically similar to that observed during the qualification tests. However, if this is not the
case then some other FM is probably present and the only way of ensuring reliability is to
re-test the batch, using traditional reliability measurements [6].
The WLR concept was refined in the WLR Workshop, organised annually since 1982
by the Technology Associates. Tools to investigate the reliability risks at the wafer level and
to monitor the process factors affecting reliability were created. Two examples (from a
multitude) of extended services in the field: (i) Coventor launched Coventor Catalyst, which is
a design for manufacturability (DfM) methodology for developing micro electromechanical
systems (MEMS) to ensure optimal manufacturing yield [7]; (ii) Dolphin Integration issued a
catalogue of test-structure generators, branded RYCS generators, offering a wide range of
test-structure kinds [8]. WLR aims to detect potentially unreliable devices and to avoid
delivering them to the customer. This requires appropriate measurements done quickly, so
that potentially every wafer can be tested, and also that the measurement does not damage
the adjacent product devices. Some examples are: hot-carrier measurements, passivation
and interconnect dielectrics, gate oxide integrity [9], stress migration, via voiding, current
crowding and junction spiking. The four main WLR tests are described in Table 1.
The typical FMs induced by various process steps for the fabrication of an electronic
component are presented below. They have been grouped around the four most important
subjects from the standpoint of reliability: semiconductor-related FMs, oxide-related FMs,
metal-related FMs and FMs related to other wafer-level processes (diffusion, implantation,
etc.).
Semiconductor
A semiconductor is a material that has an electrical conductivity between that of a
conductor and that of an insulator, which is generally in the range 103…10−8 S/cm. It is an
appropriate starting material for modern electronic components.
Today, silicon (Si) is still the most important semiconductor support for electronic
components. A huge quantity of scientific work has been reported on this material over the
last 40 years. However, other semiconductor materials are being used more and more, such
as gallium arsenide (for very high-frequency components) and indium gallium arsenide,
gallium phosphide and lead sulfide (for optoelectronic components).
As a starting material in most microchip fabrication, single-crystal Si is processed in
wafers, with a diameter that has increased steadily from less than 50 mm in the 1970s to
300 mm today and possibly to 450 mm in the near future. Wafer flatness is an important
feature, because it directly impacts device line-width capability, process latitude and yield.
1

Test structures are chips (or part of chips) specially designed to allow the identification of some FMs and processed in
exactly the same conditions as the manufactured product.
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The polishing process for Si wafers plays a key role in the fabrication of semiconductors,
since a globally planar, mirror-like wafer surface is needed to obtain a good device. The
surface roughness of the wafer depends on the surface properties of the carrier head unit,
together with other machining conditions such as working speed, type of polishing pad,
temperature and down force [10]. Cracks or scratches on the surface of the wafer (usually
caused by improper handling) may generate open or short circuits in the electronic
components. A careful visual inspection is needed to monitor the surface quality during
processing and before sealing. The non-uniformity of the resistivity across the wafer is also
a failure risk, because the characteristics of the devices may differ depending on the area of
the wafer.
Table 1
Main WLR tests for general applications
Test
Possible FM
Test description
Contact Aluminum spiking: silicon dissolution Test structures are stressed at high
integrity into an overlying Al film, followed by temperature and contact degradation
test
Al penetration at contact windows is evaluated electrically at room
during
contact
annealing.
The temperature and in the dark. Contact
dissolved Si precipitates out during spiking can be revealed by a severe
cooling, either as Si islands on oxide increase in leakage current, while
strips, or as epitaxial Si at contact contact occlusion will reveal an
windows. May result in a total contact increase in current resistance.
occlusion.
HotFor MOS devices, if large electric fields MOSFET parameters are measured,
carrier
are applied, carriers can gain sufficient which are directly related to the
injection energy (namely hot carriers) to create capability of the process to generate
test
electron–hole
pairs
by
impact and trap hot carriers. It is also
ionisation on the Si atoms. Some of the possible to perform an accelerated
carriers are injected into the gate oxide stress test under the most severe
and may induce interfacial and/or bulk conditions and to compare the result
oxide charges. A degradation of the with the characterisation work
electrical parameters of the device performed during qualification.
(mobility, threshold voltage and drain
current) occurs.
MetalElectromigration (EM) in thin-film Wafer-level test SWEAT (standard
integrity interconnection lines: the electron/ion wafer-level EM accelerated test),
test
flux induced in metal tracks by high- based on the acceleration of EM in
current densities. The degradation of the metal line by means of a high
the conductor is due to the current density: the metal line is
agglomeration of vacancies, which can subjected to a constant current stress
result in a void through the metal track defined by a chosen acceleration
or in the local accumulation of metal
factor and by the maximum
atoms, which can cause a short circuit temperature that the metal line can
between adjacent conductor layers.
reach without activating other
diffusion mechanisms.
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Oxide
integrity
test

Oxide dielectric breakdown occurs
when sufficient charge is injected into
the oxide by forcing a current through
the dielectric or by applying a high
electrical field. The damage produces
structural changes (traps or interface
states), which lead to a low-resistance
path through the oxide layer and result
in a permanent leakage of the
dielectric.
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Continuation Table 1
For gate-oxide applications, constant
voltage stress (CVS) or linear voltage
ramp stress (LRVS) are used. For
tunnel-oxide applications, current
stresses are used, such as constant
current stress (CCS) or exponential
ramped current stress (ERCS).

The most important characteristic of any semiconductor, as a starting material for a
future electronic component, is the number of crystallographic defects, which interrupt the
regular pattern of atomic arrangement. Basically, the existence of defects in
semiconductors is detrimental to the future devices; there are, however, some beneficial
effects of electrically active defects, which may be introduced deliberately with the aim of
improving the characteristics of the semiconductor. This is called ‘defect engineering’. One
example is the intentional introduction of oxygen to reduce the radiation-induced
formation of electrically active defects [11], which improves the radiation tolerance of the
device. Carbon has an adverse effect, as modelled and discussed in [12].
In Table 2 the possible FMs induced by crystallographic defects are shown. The
solution for avoiding some of these FMs is to have a rigorous input control of the
semiconductor wafers, by using the detection methods indicated in the table. However, to
be noted that some of the mentioned defects are induced in the semiconductor structure by
various processing phase (oxidation, implantation, diffusion, etc.).
Passivation
Among the solutions for passivation, oxidation is the earliest one, being today the
basic steps in the fabrication of any active electronic component, both for bipolar and
unipolar (MOS) technology. Because silicon is still the best choice among semiconductors
for electron technology, silicon dioxide (SiO2), with a relative dielectric constant, k = 3.9, is
the material of choice for inter-layer-dielectric (ILD) applications. Consequently, many of
the silicon-based technologies that have evolved are based on the deposition, patterning
and removal of SiO2 during processing. This material has remarkable properties for device
fabrication including exceptional thermal properties, excellent electrical properties and
enviable mechanical properties. In almost every important field (thermal stability,
breakdown voltage, leakage current, mechanical properties, etc), except for dielectric may
be expected to be inferior to SiO2.
The properties of any low-k materials (with k lower than SiO2 one) may be expected
to be inferior to low-k materials (with k lower than SiO2 mechanical properties, etc), except
for dielectric constant, the properties of any low-k materials crosstalk between conductor
lines and signal delays in the back-end-of-the-line (BEOL) interconnect wiring. Two
important low-k candidates for replacing SiO2 are organic polymers and silicates [17].
However, it seems the semiconductor manufacturers have chosen inorganic-like
materials, with which they were more comfortable through their experiences with oxide
insulators. Consequently, Si-Me containing organosilicate materials (k = 2.7…3.0) have been
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developed and are now manufactured for the current 90 nm technology [18]. To be noted
that the methyl groups (necessary to provide low dielectric constant properties and
hydrophobicity) reduces the density, modulus, hardness and fracture energy [19].
Among the possible failure risks at passivation, one may note the formation of cracks
or pinholes (which may lead to electrical breakdown and short circuit) and the nonuniformity of film thickness (leading to the lowering of breakdown voltage and the
increasing of leakage current). Also, the crystallographic defects represent significant failure
risks. The two most significant defects induced into silicon wafers during oxidation are
dislocations and stacking faults [16].
There is a large variety of FMs that could be induced by oxidation. Three typical ones
are gathered in Table 3 and will be detailed in the following. Basically, hot carrier injection
is one of the causes of interface state generation, but we treated this FM as a different one,
because it is one of the most important FM in today MOS devices.
Interface state generation
The imperfections in the oxide (e.g. mobile ions Na+ and/or K+, fixed oxide charge or
oxide traps), which are the result of poor fabrication processes, may represent a significant
danger for the oxide as efficient dielectric, because they could initiated interface states. The
induced charge at the interface oxide-silicon and in oxide may alter the flatband voltage.
There are at least four distinct types of charges in the oxide-silicon system: (i) Fixed
interface charge, (ii) Oxide trapped charge, (iii) Interface trapped charge, (iv) Mobile charge
resulting from alkali-metal ions, particularly sodium.
But the interface states at the silicon/oxide interface could be generated even by the
necessary electrical stress tests. There is still slight stress in the film, and dangling silicon
bonds are usually passivated by hydrogen atoms, and are not electrically active. The density
of unpassivated silicon dangling bonds is negligibly low, below 1010 cm-2.
However, under electrical stress, the weak Si-H bonds may break and interface states
are created. Negative bias temperature (NBT) stress is another important cause of interface
states generation. The transistor degradation under this mode is called negative bias
temperature instability (NBTI), and occurs even when the circuit is in quiescent, if the
pMOSFET happens to have its gate tied to high voltage. This is one of the most serious
reliability concerns of all [20].
Table 2
FMs induced by crystallographic defects
Class of
defect
Point
defects

Defect types

Detection methods

Effect (possible FM)

Vacancies - sites that are
usually occupied by an atom
but that are unoccupied. If a
neighboring atom moves to
occupy the vacant site, the
vacancy moves in the opposite
direction.
Interstitials - atoms which
occupy a site in the crystal

Photoluminescence
[13], Optical
microscopy [14],
Preferential
chemical etching
and x-ray
topography [15]

The presence of point
defects is important
in the kinetics of
diffusion
and
oxidation. The rate at
which diffusion of dopants
occurs
is
dependent on the
concentration of
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Line
defects

structure at which there is
usually not an atom.
Frenkel defect - a nearby pair of
a vacancy and an interstitial.
This is caused when an ion
moves into an interstitial site
and creates a vacancy.
Clusters (Swirls) - formed
between different kinds of
point defects (e.g., if a vacancy
encounters an impurity, the
two may bind together if the
impurity is too large for the
lattice).
Extrinsic point defects - more
critical than intrinsic point
defects, point defects involve
foreign atoms, which usually
come from dopants, oxygen,
carbon, and metals.
Dislocations - linear defects
around which some of the
atoms of the crystal lattice are
misaligned:
(i)
Edge
dislocations - caused by the
termination of a plane of
atoms in the middle of a
crystal; (ii) Screw dislocation more difficult to visualise, but
basically comprises a structure
in which a helical path is
traced around the linear defect
(dislocation line) by the atomic
planes of atoms in the crystal
lattice.
Dislocation loops - if the
dislocation consists of an extra
plane of atoms (or a missing
plane of atoms) lying entirely
within
the
crystal.
The
dislocation line of a dislocation
loop forms a closed curve that
is usually circular in shape,
since this shape results in the
lowest dislocation energy.
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vacancies. This is also
true for oxidation of
silicon.

Transmission
electron
microscopy (TEM),
Field ion
microscopy (FIM),
Atome probe
techniques, Deep
level transient
spectroscopy
(DLTS)

Major role in the
fatigue
crack
initiation phase. Also,
they may serve as
sinks for metallic
impurities as well as
disrupt
diffusion
profiles (this ability
may have a beneficial
role in the removal of
impurities from the
wafer (gettering).
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(volume
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T. – M. I. Băjenescu

Continuation Table 2
Grain boundaries – regions High resolution xMost common in EFG
where the crystallographic ray diffraction,
Si ribbons, used for
direction of the lattice abruptly Nomarski
manufacturing solar
microscopy,
atomic
changes. This usually occurs
cells.
when two crystals begin force microscopy
General effects: (i)
growing separately and then (AFM),
reduce the short
Transmission
meet.
circuit current density
Twins - Electrically quiescent electron
as a result of a
defects that do not introduce microscopy
reduction
in
the
large
stresses,
and, (TEM), Scanning
minority
carrier
consequently,
do
not electron
lifetime; (ii) reduce
microscopy
accumulate impurities [16].
the voltage and the
Stacking faults - typical defects (SEM), high
fill factor as a result
induced by process phases (e.g. resolution electron of the introduction of
oxidation). The kinetics of microscopy
a high density of
growth is related to the local (HREM), Raman
space
charge
concentration of point defects. and
recombination
[16].
These defects are sinks for photoluminescence centres
spectroscopy
Oxidation-induced
impurities [16].
stacking faults (OSF)
may increase the
reverse current in pn
junctions,
degrade
the
breakdown
voltage and reduce
the gain of biploar
devices.
Voids - small regions where Idem
Idem
there are no atoms, and can be
thought of as clusters of
vacancies. Precipitates – if
impurities cluster together to
form small regions of a
different phase.

There is a large variety of FMs that could be induced by oxidation. Three typical ones
are gathered in Table 3 and will be detailed in the following. Basically, hot carrier injection
is one of the causes of interface state generation, but we treated this FM as a different one,
because it is one of the most important FM in today MOS devices.

Journal of Engineering Science

June, 2021, Vol. XXVIII (2)

Some reliability aspects of MEMS and NEMS manufacturing

99

Table 3
Main characteristics of oxide-related failure mechanisms
Failure
mechanism (FM)

Interface state
generation

Hot carrier
effects

Dielectric
breakdown

Short description

Possible failure mode (Mo)

Charges induced at Si-SiO2 interface
and in the oxide may modify the
flat-band voltage of MOS devices
and increase the leakage in
reversely biased bipolar junctions.

In MOS devices, a drift of the
threshold voltage occurs due
to the modifications
of the flat-band voltage.
In bipolar devices, the reverse
current increases and becomes
instable.

High-energy electrons and holes are
injected into the gate oxide, near
the drain, as a localized oxidecharge trapping and interface trap
generation. Hot carrier related
degradation can occur in deep
submicron devices at drain voltage
as low as 1.8 V.
Dielectric
breakdown
is
the
destruction of a dielectric layer,
usually as a result of excessive
potential difference or voltage
across it, when the electric field
strength surpasses the dielectric
strength of an insulator. Two
phenomena could be involved: (i)
Breakdown of gate oxide and (ii)
Time
dependent
dielectric
breakdown (TDDB).

Significant reduction in drain
voltage and transconductance,
shifts in threshold voltage and
decrease in drain current
capability.

Conductive or short circuit
paths through the dielectric or
leakage at the point of
breakdown.

Interface state generation
The imperfections in the oxide (e.g. mobile ions Na+ and/or K+, fixed oxide charge or
oxide traps), which are the result of poor fabrication processes, may represent a significant
danger for the oxide as efficient dielectric, because they could initiated interface states. The
induced charge at the interface oxide-silicon and in oxide may alter the flatband voltage.
There are at least four distinct types of charges in the oxide-silicon system: (i) Fixed
interface charge, (ii) Oxide trapped charge, (iii) Interface trapped charge, (iv) Mobile charge
resulting from alkali-metal ions, particularly sodium.
But the interface states at the silicon/oxide interface could be generated even by the
necessary electrical stress tests. There is still slight stress in the film, and dangling silicon
bonds are usually passivated by hydrogen atoms, and are not electrically active. The density
of unpassivated silicon dangling bonds is negligibly low, below 1010 cm-2.
However, under electrical stress, the weak Si-H bonds may break and interface states
are created. Negative bias temperature (NBT) stress is another important cause of interface
states generation. The transistor degradation under this mode is called negative bias
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temperature instability (NBTI), and occurs even when the circuit is in quiescent, if the
pMOSFET happens to have its gate tied to high voltage. This is one of the most serious
reliability concerns of all [20].
Hot-carrier effects
The term ‘hot-carrier injection’ (HCI) describes the phenomena by which the carriers
(electrons or holes) under intense electric fields gain sufficient kinetic energy to overcome a
potential barrier and to be injected into the gate oxide. The kinetic energy of microscopic
particles is directly related to the temperature of the matter they constitute: the higher is
the temperature, the higher is the (average) kinetic energy of the particles; hence the word
‘hot’.
Studying the degradation and failure phenomena by HCI
HCI occurs as carriers move along the channel of a MOSFET and experience impact
ionization2 near the drain end of the device. The damage can occur at the interface, within
the oxide and/or within the sidewall space. Interface-state generation 2 and charge trapping
induced by this mechanism result in transistor parameter degradation, typically as
switching frequency degradation or breakdown [21]. A high gate voltage can also pull hot
carriers into the gate oxide and trap them there before they even reach the drain region.
Trapped carriers or charges in the gate oxide can shift the threshold voltage and
transconductance of the device. The excess electron-hole pairs created by impact ionization
can also increase substrate current, which in gross cases can upset the balance of carrier
flow and facilitate latch-up.
There are four known mechanisms for HCI, which describe the conditions for carriers
to enter the gate oxide [22]:
• Substrate hot electrons (SHE) - electrons are thermally generated in the substrate
and drifted by an electric field towards the interface. The substrate current produced by
impact ionization can induce bipolar latch-up in CMOS structures and the hot carriers
injected in gate oxide form interface states and trapped oxide charge. In time, this charge
causes instabilities and parameter drift. These serious reliability problems are increasing
with the decreasing of the device geometries. A correction method is to limit the source–
drain voltage to values below the threshold for the generation of hot carriers.
• Channel hot electrons (CHE) - the carriers are traversing the channel, and
undergoing a low number of lattice collisions under the influence of the strong lateral
electric field;
• Drain avalanche hot carriers (DAHC) - carriers are created in avalanche plasma and
undergoing, due to the strong lateral electric field, a high number of impact ionizations;
this is the most physically destructive HCI mechanism [23];
• Source side hot electrons (SSHE) - this mechanism gives rise to larger shift of the
threshold voltage and larger drift of the saturated drain current [24].
HCI produces non-catastrophic failures, which develop gradually over time and
change the performances of the device. The effects of HCI are more prominent in nMOS
devices compared to the pMOS devices, because it requires 3.3 eV for electrons to overcome
2

Impact ionization occurs when a high voltage is applied across the source and the drain of a MOS device and the channel
carriers are accelerated into the drain's depletion region, causing them to collide with lattice atoms that result in
electron-hole (e-h) pairs. The displaced e-h pairs are gaining enough energy to propel some of them towards the gate
oxide of the device and trap them there.
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the surface energy barrier at the Si–SiO2 interface and get injected into the oxide,
compared to 4.6 eV for holes. In MOSFET with p channel, the degradation is caused by hot
carriers injected into the drain side of the gate oxide and the type of trapped hot carrier
depends on the bias conditions. Obviously, in MOSFET with n channel the degradation is
caused by hot holes [20]. HCI occurs in logic circuits in general and not just in RAM cells.
When MOS transistors are employed in digital logic, the logic steady states are regions of
low stress because there is either a high field near the drain but the gate is low and the
channel is off, or the electric field near the drain is low, in both cases leading to no
generation of hot carriers. Hot carriers are generated almost exclusively during switching
transitions. The effects of the hot-carrier stressing can be determined by measuring a
variety of device parameters, including assorted currents, voltages, and capacitances for the
device.
Degradation of device characteristics due to hot carriers occurs also in bipolar
transistors. This is a well-known phenomenon in which hFE degradation occurs when a
reverse bias is applied across the emitter and base [26 - 29]. With the advanced shallow
junction devices of recent years, there is a tendency towards increased reverse leakage
current between the emitter and base, causing device characteristic degradation to readily
occur as a result of the hot carrier effect. A significant increase in minimum noise figure
NFmin and noise resistance Rn after hot carrier stress (which cannot be explained alone by
the change of the carrier density in the inversion layer) was observed [25]. It was
demonstrated that the presence of interface states at source side shows much greater
impact on the degradation of NFmin and Rn. This provides strong experimental evidence that
the local noise at source side plays a more important role in determining the channel noise.
Conclusion
When systems are properly designed, components can often be produced to
demonstrate near-zero failure rates over their lifetime. The study of degradation and
malfunction phenomena is necessary for each case. For systems, assembly and system
failures must be examined.
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Abstract. This paper deals with the need to determine the technical condition of strategic
buildings, blocks of flats, which are in a precarious condition as well as engineering
networks located within the Ungheni district. The article refers to the real present
situation of buildings and housing stock from Ungheni municipality, including their periods
of commissioning. Current research methods of buildings are exposed, being listed their
advantages and disadvantages.
Keywords:

hazard risk, engineering networks, methods, technical expertise, cracks,
consolidation.

Introduction
Concrete, reinforced concrete and masonry constructions are not eternal and
indestructible. Over the time, they all are subjected to degradation, some of them being
slower while others faster. Among the conditions that contribute to reducing the service life
and the existence of constructions, firstly is considered to be the action of natural and
technological environmental agents and their own shortcomings created by the existence
of induced defects within the design process, designing, execution and exploitation. Firstly,
among the benefits of prolonging life there could be identified the examination of technical
condition, maintenance and rehabilitation activities, consolidation intended to extend the
service life of buildings subject to degradation.
Degradation of buildings can be defined as the gradual loss of physical and
functional qualities that characterizes the aptitude to exploit them.
The degradation process most often starts from the contact surfaces of the buildings
with the environment. In the case of buildings, such manifestations show the gradual
change in the color of paints and dyes, cracking and chipping of plasters, wetting and
staining of surfaces, the appearance of efflorescence, rust stains, of rot, etc. In the event of
cracks in the roof layers it degrades substantially during freeze-thaw cycles with the
possible penetration of rainwater into the building or those from snowmelt, etc.
Progression of degradation towards the inside of the constructive components
affects over the time the safety of constructions at critical points, cracks may appear in the
load-bearing elements of the building, where the latter guarantees the taking over of all
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construction load and their transmission to the foundation ground. The most dangerous
form of degradation process evolution is the appearance of crack, preceding the destruction
of the element.
Together with climatic factors (wetting and drying, repeated freeze-thaw cycles, the
action of aggressive environments, micro- and macroorganisms, etc.) construction
degradation is also caused by possible hazard risk (earthquakes, landslides, floods, fires,
etc.). Ungheni, Nisporeni and Hâncești districts are located at a distance of 150… 200 km
from Vrancea district in Romania where earthquakes often occur. They are also felt on the
territory of the Republic of Moldova (January 31, 2020, Chisinau magnitude of 5.4 on the
Richter scale; April 24, 2020, Chisinau magnitude 5.0 degrees on the Richter scale; June 25,
2020, Chisinau magnitude 4.6 on the Richter scale) [1].
In the area of these districts several natural disasters occurred: floods (July 6, 2010,
the villages of Nemțeni, Obileni, Sărăteni and Cotul Morii) [2]; landslides (Leușeni village,
1997-1999) [3]. These natural disasters have contributed also to partial degradation, but in
some cases, the total destruction of constructions, installations, engineering networks,
intended to ensure the normal conditions of life and activity of human beings.
The loss of human beings, material goods, the harvest, etc., which occur as a result
of natural hazards, requires to determine the possible risks and propose measures to
prevent them. The cost of the measures, on the prevention of possible risks due to natural
disasters is much smaller than the liquidation of the consequences following them.
Based on these considerations, assessment of the condition of constructions,
installations and engineering networks, primarily of those strategic importance buildings
(local public administration buildings, hospitals, kindergartens and schools, engineering
networks for the supply of electricity and heat, water, natural gas) from this area, represents
a challenging problem.
The purpose of the planned studies and research.
To ensure sufficient minimum life and activity conditions for population in the
Ungheni district area, in case of possible hazard risk, it is necessary to appreciate, first of
all, the technical condition of strategic buildings, installations and engineering networks
and the development of measures for their safe exploitation.
Studies and research objectives
The main objectives are:
− technical expertise and assessment of technical condition of buildings,
installations and engineering networks in this area;
− drawing up lists of defects of inspected buildings, installations and networks;
− elaboration of recommendations on the consolidation, repair and renovation of
such buildings, installations and networks;
− other recommendations and proposals according to the request of local public
administration.
1. The current situation of buildings and engineering networks in Ungheni.
Structural analysis of constructions (with their expertise), to reduce material damage
and loss of life, must be carried out on buildings of major importance or at increased risk of
natural hazards:
− buildings where local decisions are proposed: local public administration
buildings Ungheni district (the activity and decision-making in exceptional
situations should not be stopped);
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− buildings, where employees are located, which intervene promptly during natural
disasters: Civil Protection and Exceptional Situations Service and Ungheni Police;
− educational institutions. In Ungheni municipality there are:
 6 kindergartens;
 6 school institutions;
 4 secondary education institutions, colleges, etc .;
 2 extracurricular activities institutions;
− health care buildings (in case of possible natural hazard, with possible victims,
they should be treated safely: IMSP Ungheni District Hospital, Consultative
diagnostic center, etc.);
− housing stock, which is in a precarious condition.
Housing stock of Ungheni municipality consists of 12719 individual houses and
residential apartments in blocks of flats up to 9 floors, with a total area of 649.4 thousand
m2, the information is presented in Table 1 [4]. In this table there are also indicated the
connections of houses to engineering networks.
Ungheni municipality has 6 sectors with a total population of about 38.2 thousand
inhabitants (Figure 1).
Berești
Tineretului
Centru
Ungheni-Vale
Ungheni-Deal
Danuțeni
Figure 1. Sectors (micro-districts) of Ungheni municipality.
Distribution of housing stock by sectors is presented in Table 2 and Table 3 [4].
Location of residential blocks with over 23,000 inhabitants (which constitutes over 60% of
the total population) is concentrated in the Tineretului and Centru sectors, so, the blocks
located in these sectors must be examined primarily.
Table 4 [4] shows the years for the commissioning of residential blocks. According to
these data, over 14% of the total number of blocks of flats were built by the 1970s, and
most of them require reconstruction and repair. About 62% of the blocks of flats were built
in the years 1970-1990 which need to be inspected.
To ensure the security for the population, it is necessary to analyze all engineering
networks. Ungheni municipality is connected, practically, to all networks:
− Water supply networks:
 Water supply network of Ungheni municipality provides the distribution of
drinking, technical and irrigation water. Water supply of the locality
constitutes Prut river accumulation basin;
 In addition, there are 271 wells in Ungheni;
 The number of water supply systems – 1;
 The length of water distribution networks – 137.5 km, including in
reconstruction 1.7 km;
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Table 1
The general characteristic of housing stock
according to the number of floors, connecting engineering networks
No.

thousand m2
total area

%

649,4
(12719 houses/apartments)

100

The name of the indices

1.

Total housing stock, inclusive

2.

According to the number of floors:

2.1.

- individual houses

234,6

36,1

2.2.

- 2-3 floors

30,52

4,7

2.3.

- 4-5 floors

186,77

28,8

2.4.

- over 5 floors

197,51

30,4

3.

Connecting engineering networks

3.1.

- water supply

471,4

72,6

3.2.

- sewerage

455,9

70,2

3.3.

- central heating supply

427,3

65,8

3.4.

- natural gas supply

593,5

91,4
Table 2

Distribution of the housing stock by sectors (area, thousand m )
2

Existing housing stock, thousand m2
inclusive
No.

Sector name

multi-story houses

individual
houses

Total

2-3
floors

4-5
floors

5-9
floors

58,8

55,45

3,35

0

3,35

0

Total

1.

Bereşti

2.

Tineretului

214,29

1,55

212,74

5,91

82,4

124,43

3.

Centru

184,84

30,61

154,23

18,93

62,22

73,08

4.

Ungheni-Vale

27,8

21,9

5,9

3,03

2,87

0

5.

Ungheni-Deal

18,8

18,8

0

0

0

0

6.

Danuţeni

144,87

106,29

38,58

2,65

35,93

0

Total

649,4

234,6

414,8

30,52

186,77

197,51
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Table 3
The structure of housing stock of Ungheni municipality
(number of individual houses/apartments)
Existing housing stock, individual houses/apartments
inclusive
No.

Sector name

Total

multi-story houses

individual
houses

Total

2-3
floors

4-5
floors

5-9
floors

1.

Bereşti

1060

1000

60

0

60

0

2.

Tineretului

4448

28

4420

176

2082

2162

3.

Centru

3493

552

2941

393

1161

1387

4.

Ungheni-Vale

515

395

120

60

60

0

5.

Ungheni-Deal

339

339

0

0

0

0

6.

Danuţeni

2864

1917

947

90

857

0

Total

12719

4231

8488

719

4220

3549
Table 4

Distribution of housing stock by sectors according to commissioning
Existing
housing stock
No.

Sector
name

No.
Total
apartarea m2
ments
60

Years of commissioning
1950-1970

1970-1990

1990-2014

No.
apartments

Total
area
m2

No.
apartments

Total
area
m2

No.
apartments

Total
area
m2

3346

-

-

-

-

60

3346

1.

Bereşti

2.

Tineretului 4420

212745

696

33500

2946

141798

778

37447

3.

Centru

2941

154233

491

25749

1278

67022

1172

61463

4.

UngheniVale

120

5901

36

1170

84

4130

-

-

5.

UngheniDeal

-

-

-

-

-

-

-

-

6.

Danuţeni

947

38576

-

-

947

38576

-

-

Total

8488

414801

1223

60419

5255

251526

2010

102256
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The length of the transport water networks in a line – 17.1 km;
The number of artesian wells – 5;
The number of treatment stations – 2;
The capacity of the water treatment stations – 15.5 thousand m³ in 24 hours;
The volume of water captured from surface water sources – 1771.4 thousand
m³ (water is not captured from artesian wells).
− Sewerage networks:
 Ungheni municipality has 3 main sewer collectors;
 The number of sewerage systems – 1;
 Wastewater treatment station – 1;
 Project capacity of the wastewater treatment station – 15.0 thousand m³/24
hours, real 2.2 thousand m³/24 hours;
 Total length of sewerage networks – 66 km;
 The number of wastewater pumping stations - 3, including in operation 3;
 The volume of wastewater discharged into the centralized sewer system is
about – 803.2 thousand m³ /year.
− Heat and natural gas supply networks:
 Heat energy supply networks was built in 1970-1980;
 Heat supply system was operated for about 20 years without considerable
capital repairs. So, heat supply centralized sources and mainstream heat
supply networks have reached an unsatisfactory state;
 Currently, the heat energy supply of residential and social blocks as well as
communal enterprises is performed from the boiler houses;
 Total boilers houses – 13 (of which 3 do not work) intended for heating social
buildings;
 The residential blocks are connected to the boilers houses around 10-20%;
 The natural gas supply is ensured by medium pressure gas pipelines, with a
length of 40.3 km and low pressure gas pipelines with a length of 99.8 km.
− Electricity supply networks:
 Ungheni municipality is connected to the North Electricity Distribution
Network System for the supply of electricity at the voltage of 35 kV and 110
kV;
 110 kV overhead line, located on the territory of Ungheni municipality and
district has a length of 5 km, and that of 35 kV – 20 km;
 The 10 kV underground cables have a length of 128 km, and the 6 kV
underground cables – 2.42 km;
 The 10 kV and 6 kV overhead lines are 21 km and 2 km long, respectively;
 The medium voltage network of the locality supplies 119 transformation
stations of which 47 are intended for residential consumers;
 Low voltage network is intended for residential and non-industrial consumers
as well as street lighting with 350 metal and reinforced concrete pillars, and
in more remote areas 310 wooden pillars.
For the good operation of all engineering networks they must be inspected in time
and, if necessary, measures have to be taken to prevent damage. In this case, in the event of
natural hazard loss of life and property damage will be minimal or they will even be
avoided.
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2. Current methods for researching the technical condition of engineering
constructions, installations and networks.
Currently, there are several diagnostic methods [5, 6], which can be used to
determine the technical condition of strategic importance constructions, installations and
engineering networks in Ungheni district. Some of these will be discussed below.
Non-destructive methods.
The use of non-destructive methods makes it possible to both detect and locate
defects as well as the assessment of the condition of building materials. Problems that
occur when diagnosing constructions made it necessary to develop efficient methods, easy
to apply and which, may be able to provide as complete data as possible on changes in the
structure of materials, without influencing the condition of the building elements or
materials.
Non-destructive investigation techniques aim to evaluate the characteristics of
materials, so that the types of structural damage and their location can be detected. In
addition to known non-destructive methods (especially ultrasonic), researchers are working
on the application of new non-destructive methods, based on modern techniques with great
development in other fields, but which have also found interesting applications in the field
of construction measurements. These are methods based on the propagation of signals in
building materials.
Ultrasonic pulse method.
It is the most used, it benefits from the development and improvement of the
measuring device and a large volume of experimental data, which allows a good knowledge
of how it is applied, its advantages and limitations.
The determination of degraded areas is based on the different ways of propagating
ultrasound in solid environment and in air. The propagation time between the transmitting
and the receiving transducer is measured, by direct or diagonal transmission, by comparison
between the supposedly cracked areas and the non-cracked areas. Propagation time
increases in degraded areas, due to the propagation mode, due to ultrasound, which
bypasses cracks and microcracks. If the element has no degradations, the propagation of the
waves is faster.
The advantages of this method are:
− it allows to establish the existence of areas with degradation (respectively cracks)
and their location;
− the method can be used on the construction surface, on elements or structures of
any shape or size, including those with a single accessible face;
− does not require complicated preparations;
− measurements are made quickly;
− the measuring device is relatively simple and has an average cost.
The disadvantages of the method are related to the complexity of data processing,
which must take into account a large number of factors that influence the results.
Ultrasound investigation methods are most indicated in these cases. However, their
application to masonry in natural rock or brick blocks presents difficulties, because both the
brick and the connecting mortar, especially after their implementation, a heterogeneous
element with a very high inhomogeneity is obtained. It is very difficult to find cracks in this
case. Only masonry up to 1 m thick can be inspected with this method, thus limiting
structural investigations to thin or monolithic elements.
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Seismic method: impact - echo.
Mechanical waves with a frequency from 300 Hz to 3 kHz, are usually generated with
a "hammer" on the surface of the structural element. The waves propagate through the
element and are received by one or more receivers.
Longitudinal wave propagation time, the fastest of them, is measured between
transmitter and receiver. The speed of the wave, thus calculated, depends on the properties
of the material, but it is also influenced by gaps, cracks or unfilled joints. Such situations
cause deviations in wave propagation, thus reducing speed.
The seismic method allows the differentiation between the surfaces of different
materials or structures (e.g. multi-layer masonry, filled holes, seams). Because the results
depend on the mechanical properties, the method is very useful. Large gaps inside the
element can also be detected. The seismic method can also be used to verify the efficiency
of injections intended to increase the strength of masonry.
Quantitative ultrasound method.
The ultrasonic quantitative method is based on the "pulse-echo" measurement
technique. Mode of propagation of ultrasonic frequency pulses (20 kHz - 200 kHz),
transmitted to concrete or other material by mechanical coupling, depending on the
characteristics of the material. The quality and defects of the material influence the speed
of propagation, attenuation, and receive waveform. In this way, the cracking state of the
material can be determined. The basic impediment is the separation of incorrect
frequencies, which occur due to the inhomogeneity of the materials and which overlap the
impulse harmonics carrying information on material defects. To solve the problem, complex
mathematical calculations are used by averaging the power for each component of the
signal.
This method, which requires special equipment different from the current one and
equipped with computing technology, has proven its usefulness in detecting cracks and
their evolution, when detecting damage in the freeze-thaw process, inspecting the strands,
including in the anchorage areas.
Magnetic method.
For constructions diagnostics there has been used the method of included metal
bodies detecting by using a device called a "pahometer". This method is based on
perturbing the magnetic field, generated by a coil, in the presence of a metallic element.
The disturbance is proportional to the size of the object and the proximity of the transducer.
The transducer is directional, so the deviation is important when its longitudinal axis of the
metal object are collinear.
The device allows to obtain favorable results to detect both beams and metal
columns as well as the steel anchors in the stone walls. The device, equipped with a
computer, visualizes the position, the diameter and processes the data.
Electromagnetic detection is recommended even in cases where certainty is required
and there are no hidden metal objects, which may confuse the application of other
methods.
Conclusion
−
The bibliographic studies and the current state of the constructions,
installations and engineering networks confirm that in the process of
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exploitation and under the influence of climatic factors and natural disasters
they gradually degrade;
Currently, there are several non-destructive and destructive methods, which
allow to assess the degree of degradation of different materials from which
constructions are built, installations and engineering networks with the forecast
of safe operation term;
The expertise of technical condition of constructions, installations and
engineering networks as well as drawing up lists of their defects will allow the
development of measures to ensure their safe operation.
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Abstract. The article examines the issue of using geographic information systems (GIS) and
WEBGIS technologies to predict areas likely to be flooded. Probabilistic flood hazard maps
(0.5%, 0.1% and 1% flood risks) were used, obtained from a model installation in an area
subject to flood risk, in this case, the municipality of Ungheni in the Republic Moldova,
which has been flooded in the past. The application of GIS technologies is necessary to
prevent floods affecting households, infrastructure and to minimize its effects. For this
purpose, were analyzed the previous floods that occurred in the region. Also were applied
and overlaid thematic digital maps such as Land Use, river network, DTM, Delineation
Methodology of water bodies which represents the transposition of the EU Water
Framework Directive 2000/60/EC and at the end were uploaded on an ESRI Web GIS
platform http://www.dbga.md/siga.html. The Coordinate system used here was WGS-84.
Keywords: geographic information systems, WEBGIS, flood risk, Digital Elevation Model, water
body.
Introduction
Flooding occurs in many parts of the world and cause many losses of life, also
damages to the economy, infrastructure, etc., therefore it is important to understand the
factors associated with flood incidence in order to be able to manage and to control it.
Moldova is prone to regular floods on its main river courses Prut and Dniester and
not only. Due to old inherited flood protection system, the consequences of floods occurring
cause serios economic damages to the households and to the country’s economy in general.
Floods usually have a relatively short duration and a relatively high peak discharge.
It occurs rapidly, generally ranging from several hours to several days from the rainfall
depending of the length of the water stream, and sometimes accompanied by landslides,
mud flows, bridge collapse, damage to buildings, and fatalities, therefore the areas subject
to these disasters must be prepared to cope with it.
However, flood risk can be discussed in terms of two elements: hazard and
vulnerability [4]. One of the instruments of the European Union is the Directive 2007/60/EC
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of the European Parliament and of the Council of 23 October 2007 on the assessment and
management of flood risks (hereinafter called Flood Directive) is the analysis of flood risks
by the creation of maps of flood hazards and risks.
Within the framework of HAZARM cross border project between Technical University
of Moldova and the Ioan Cuza Technical University from Iasi, Romania will be created a
map with the pilot area on both sides of the Prut river banks which will be flooded. For
more details, please see Figure 1.
The Digital Elevation Model based on SRTM (Shuttle Radar Topography Mission) with
a spatial resolution of 30 m was used. The flood hazard maps (0,5 %, 0,1 % and 1 %
probability) were obtained with the use of Infoworks software within The Master Plan for
flood risk management planning has been developed under TA support to the Moldova
Flood Protection Project funded by the EIB.
The urban plan of Ungheni municipality was obtained in Cad format at a scale of
1:5000, but later converted into .shp format, established the projection, which was used in
ArcMap software for its later analysis. These maps were posted on an ArcGIS online
platform by using a free account on www.arcgis.com.
The study area
The Ungheni municipality, with a population of 38000 (2016) inhabitants, located in
central-western part of the Republic of Moldova is about 9.45 Km long and 2.3 km wide,
with a total area of 16.4 Km2. It is situated on the banks of the Prut transboundary river,
bordering with Romania.
The average height is 46 m, minimum 27 and the hills on the eastern side have up to
150 m.
It includes various land use activities including residential, urban, and agricultural as well
as road networks. Besides, it represents one of the most important traffic node between
Romania and Moldova.

Figure 1. Project area situated on both banks of the transboundary Prut
river between Romania (Bosia village) and Republic of Moldova
(Ungheni municipality).
Source- https://en.wikipedia.org/wiki/Ungheni_District.
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Formulation of the problem
In the years 2008 and 2010 on Prut river occurred flooding which have affected 85
communities in 16 districts. Around 3000 people have been evacuated, including 140
children; 566 houses were completely flooded and an additional 900 are at risk. Casualties
have been reported: two deaths and one missing person [5].

Figure 2. Prut river, flood image.
Source:http://scinetnathaz.net/wpcontent/uploads/2015/06/5OlegBogdevic_Moldova1.pdf.

Flood hazard maps are the first step for flood risk assessment [6 - 8].
To provide modern tools for local and central public authorities for decision making
process both for the implementation of Urban Planning and for Emergency Response by
creating digital maps which are available online at any time to be used in case of necessity.
According to the EU Flood Directive: “All assessments, maps and plans prepared shall be
made available to the public.”, so the WebGIS represents an especially useful tool to make
available all the research, also it would help to people living in flood plains, who may at
one point be vulnerable due to their proximity to the river and the amplitude of the
flooding.
Analysis of recent research
The research conducted by [1] have determined that “in the risk map, areas of
individual categories of land use are highlighted in which an acceptable risk was exceeded
which may result in high vulnerability of the territory.” So, depending on the use of a
territory we should establish consequently: the highest level should be assigned for the
residential areas, at a medium value should be the industries and the infrastructure and at
the lowest level should be agricultural parcels.
Results
Using the ArcMap 10.1 GIS software were overlayed the layers of the Digital
Elevation Model, Rivers network, municipal boundaries and the Flood Hazard maps
obtained by performing the hydrological modelling with the Infoworks software.
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The Digital Elevation Moldel

Figure 3. Digital Elevation Model, Flood Risks.
Source: SRTM by NASA.

The Land use maps.
As one can notice by analyzing the Figure 3 and 4, the southern area of the Ungheni
municipality is going to be affected by flood hazard because of the water accumulation
both from the Prut river, one of its tributaries and the water reservoir on the course the
river Delia.
The next step was to identify the areas subject to flooding by their land use. For that
reason, the Land use map was used.

Figure 4. Land Use of Ungheni area.
Source: [11].
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As one can see in the figure above, the Ungheni municipality is very close to the river
Prut and the areas which will be affected are: pasture, arable lands and the residential
buildings of the inhabitants.

Figure 5. Floods over Land use.
Source: [11].

When we overlay the Flood Hazard Maps with the Land use we can see the areas
prone to the Flood events. So, these areas will be affected by floods with the 1 to 100
probability at least.
The Water Body delineation

Figure 6. The Water Bodies that intersect the Ungheni municipality.
Source: http://www.dbga.md/siga.html.

The delineation process of the Water Bodies was performed according to the
Delineation Methodology from the Moldovan Water Law Nr. 272 from 23-12-2011 [9]. Each
water body should consist of its unique characteristics until it meets another water with
different characteristics. In the figure below one can notice that the water body nr 1
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represents a water stream, represented as a blue line, until it meets a water reservoir,
represented as a blue circle and the process goes on according to the same logic.

Figure 7. The Delineation of the Water Bodies scheme.
Source- https://www.legis.md/cautare/getResults?doc_id=23003&lang=ro.

By analyzing the Figure nr. 6, one can see that the Ungheni municipality is situated
on the intersection of the Prut River Basin and its tributary Delia. In total were identified 3
water bodies – Prut 14, Prut 14, and Delia.
River Basins and Flood Hazard maps

Figure 8. Flood Hazard map and the Water Bodies on Prut Basin.
Source: http://www.dbga.md/siga.html.

The monitoring and management unit of the WFD is the “water body”. It is defined as
a discrete and significant element of surface water, which is uniform in type and status [10].
Flood risk management is often an equally resource intensive process; for example,
the development of detailed flood risk maps available to the public on a user-friendly
geographical information system is costly (Scottish Environment Protection Agency, 2009).
But nowadays due to the constant improvements of the research methodologies,
technologies it is not that expensive.
"framework for the assessment and management of flood risks, aiming at the reduction of
the adverse consequences for human health, the environment, cultural heritage and
economic activity."
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WebGIS technologies

Figure 9. The WebGIS resources.
The obtained GIS data was uploaded on an open account from ESRI www.arcgis.com,
called “River Basins, Catchment and Discharge Points in Moldova” and after that the code
was embedded into the www.dbga.md/siga.html website for all the stakeholders to be able
to see.
Conclusions
The experimental graphic semiology brings some more results and interesting
aspects in the field of risk assessment and distribution. It is helping to improve the
graphical layout of our maps, the manageability of the maps as well as the interest of
experts, decision makers and layman. Readable maps are important to understand the
relevance and the impacts of such maps.
Flood maps only serve as recommendation and unfortunately thew Local and Central
Authorities do not take them into account when a flood event is occurring, also the building
restrictions etc. are not legally binding. These maps are not included in urban planning and
the municipality is not using them when releasing permits for new houses and the people
will suffer from flooding at a specific point in time.
One of the basic instruments to cope with possible future flooding’s events is the
communication and cooperation with the public, it is necessary to solve the legal
foundation of flood hazard and risk maps in near future.
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Abstract. This work facilitates the application of modern technologies for road construction,
by using steel slag instead of natural stone aggregates. This procedure will result in a
significant decrease in the cost of works (slag, being an industrial waste, is much cheaper
than natural aggregate). In the same time, the use of slag aggregates can result in
protection of the environment, by eliminating slag storage spaces and by preserving the
natural environment (extraction of natural aggregates may disturb groundwater and
intensify erosion etc). Marshall stability, flow index and bulk density were determined for
both kinds of aggregates, in order to find if the steel slag can safely replace the natural
aggregates. By comparing the experimental results obtained for the two kinds of
aggregates, it was confirmed the possibility of successfully using of steel slag as a
substitute for natural aggregates in the base layer of a road structure.
Keywords: aggregate, environment, replacement, road structures, steel slag.
Introduction
Road construction involves large quantity of construction materials, most of them
obtained from natural sources. To achieve a sustainable development, using the steel slag
as a substitute for natural aggregates must be taken very seriously. More than 90% of this is
asphalt pavement, which has the advantages of low vibration, low noise, short construction
time and convenient maintenance [1]. Expressway need lots of construction and
maintenance, and more than 90% of the components of asphalt pavement are aggregates,
which causes the depletion of natural resources [2]. Therefore,
capacity of recycling solid waste and industrial smelting waste are becoming an effective
option to relieve the supply pressure of natural aggregate resources [3].
Steel slag is the main solid waste in steel industry, accounting for more than 10% of
the steel production [4]. According to the different steelmaking processes, steel slag can be
classified into three types: Electric arc furnace (EAF) slag, basic oxygen furnace (BOF) slag
and ladle furnace (BF) slag. The large steel slag can meet the needs of aggregates for road
construction, and it has good mechanical properties and high alkalinity [5]. The steel slag
asphalt mixture has become an increasingly popular research topic in the field of
environmental protection road materials in recent years [6].
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1. Field of application
According to the provisions of the technical approval no. 004-07/666-2002, steel
slag aggregates can be used for roads of technical class II - V or streets of technical
category II – IV, in order to reduce execution costs by replacing the ballast used for the
base layer [7].
If some of the determined values do not fall within the limits set out in legislation, it
is possible to improve the behavior of these materials by using a certain additive or a
mixture of additives [8].
For steel slag aggregates, both chemical stability, as an essential condition, and
storage and preparation of the material (permanent spraying with water for a period of at
least six months after their production) must be monitored [9].
2. Description of works and materials
In order to determine to what extent the steel slag can replace the natural
aggregates in the asphalt mixtures, specific tests were performed on samples made of both
types of materials.
At the beginning, two asphalt concrete compositions type BAD 25 were made with 6.3 %
bitumen, using 0-8 crushed stone (samples B1, B2 and B3) and 0-8 steel slag (samples D1
and D2). The average values of the physical and mechanical characteristics determined on
cylindrical specimens made of asphalt mixtures are shown in Figures 1, 2 and 3.
In Figure 1, the graphic colored in blue shows the Marshall stability determined on
0-8 control samples, while the graphic colored in violet shows the stability determined on
0-8 slag samples (for both kinds of samples, the content of bitumen was 6.3%).
The values of Marshall stability obtained when using slag as an aggregate were
1000,00 daN, 1005,20 daN and 1010,00 daN and by statistical processing we got an
average value of 1005,00 daN, which is bigger than the value obtained when using the
natural aggregate (946,67 daN).
In Figure 2, the graphic colored in blue shows the flow index (deformation)
determined on 0-8 control samples, while the graphic colored in violet shows the flow
index (deformation) determined on 0-8 slag samples (for both kinds of samples, the content
of bitumen was 6.3%).
The deformation values obtained when using slag as an aggregate were 220,25 mm,
224,45 mm and 228,75 mm and by statistical processing we got an average value of 224,50
mm, which is lower than the value obtained when using the natural aggregate (229,33 mm).
In Figure 3, the graphic colored in blue shows the bulk density determined on 0-8
control samples, while the graphic colored in violet shows the bulk density determined on
0-8 slag samples (for both kinds of samples, the content of bitumen was 6.3%).
The values of the bulk density obtained when using slag as an aggregate were 2487
3
kg/m , 2488 kg/m3 and 2491 kg/m3 and by statistical processing we got an average value of
2489 kg/m3, which is much bigger than the value obtained when using the natural
aggregate (2345 kg/m3).
The result of the tests show that using the aggregate of BOF slag can significantly enhance
the Marshall stability, the flow index and bulk density, when comparing with the natural

stone.
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Figure 1. Comparison between Marshall
Figure 2. Comparison between the flow index
stability determined on control and 0-8 slag
determined on control and 0-8 slag samples.
samples.

Figure 3. Comparison between bulk density
determined on control and 0-8 slag
samples.

Figure 4. Comparison between Marshall
stability obtained on control and 0-8+8-16
slag samples.

Two other BAD 25 asphalt concrete compositions were than made with 6.3 % bitumen,
using 0-8+8-16 crushed stone (samples B1, B2 and B3) and steel slag 0-8+16-25 (samples
E1 and E2).
The average values of the physical and mechanical characteristics determined on
cylindrical specimens made of asphalt mixtures are shown in Figures 4, 5 and 6.
In Figure 4, the graphic colored in blue shows the Marshall stability determined on
0-8+0-16 control samples, while the graphic colored in violet shows the stability
determined on 0-8+0-16 slag samples (for both kinds of samples, the content of bitumen
was 6.3%). The values of Marshall stability obtained when using slag as an aggregate were
937,40 daN, 940,30 daN and 942,60 daN and by statistical processing we got an average
value of 940,00 daN, which is a little bit lower than the value obtained when using the
natural aggregate (945,30 daN), but still acceptable.
In Figure 5, the graphic colored in blue shows the flow index (deformation)
determined on 0-8+0-16 control samples, while the graphic colored in violet shows the
flow index (deformation) determined on 0-8+0-16 slag samples (for both kinds of samples,
the content of bitumen was 6.3%). The deformation values obtained when using slag as an
aggregate were 210,00 mm, 214,45 mm and 219,00 mm and by statistical processing we
got an average value of 214,50 mm, which is lower than the value obtained when using the
natural aggregate (227,40 mm).
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In Figure 6, the graphic colored in blue shows the bulk density determined on 0-8+016 control samples, while the graphic colored in violet shows the bulk density determined
on 0-8+0-16 slag samples (for both kinds of samples, the content of bitumen was 6.3%). The
values of the bulk density obtained when using slag as an aggregate were 2460 kg/m3,
2461 kg/m3 and 2464 kg/m3 and by statistical processing we got an average value of 2462
kg/m3, which is much bigger than the value obtained when using the natural aggregate
(2350 kg/m3).

Figure 5. Comparison between the flow
index determined on control and 0-8+8-16
slag samples.

Figure 6. Comparison between bulk
density determined on control and 0-8+816 slag samples.

3. Final considerations
When producing BOF slag coarse aggregates, the excessive angularity of the
aggregates should be controlled. This will help to improve the service life of BOF slag
layers and the promotion of slag [10].
The BOF slag coarse aggregates have a higher water absorption and a higher
effective density, among which the pyrolytic BOF slag has the largest effective density [11].
The rough surface texture (high water absorption) of BOF slag and good adhesion
with asphalt result in a good moisture resistance property of the asphalt mixture [12].
Using BOF slag coarse aggregates will result in a significant increase in the
percentage of air voids in asphalt mixture. The rough surface texture and higher sphericity
of BOF slag will cause the increase of the air voids of asphalt mixture. Besides, if the BOF
slag has excessively high angularity, it will have an adverse effect on the increase of air
voids. Also, if BOF slag has excessive angularity value, the edge angle of BOF slag would be
destroyed during the compaction of the asphalt mixture, which would result in the decrease
of the air voids of the asphalt mixture [13].
The disadvantages of using steel slag in road layers are as follows:
a) The risk of heavy metals in the steel slag aggregates, which could be washed away
by rainwater, thus infesting the groundwater [14]. To eliminate this risk, it is recommended
that a leaching test be performed by a specialized institute.
b) Possibility of volume change (increase or decrease in road layer height) due to
hydration of free calcium oxide [15]. To eliminate this risk, the best possible waterproofing
of the upper layers and appropriate drainage works are recommended, in order to prevent
the penetration of rainwater into the base or foundation layers of the road system, as well
as the maturation of the slag before use, by storage in outdoors and periodic spraying with
water.
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4. Conclusions
The results of the tests show the following:
Marshall Stability and bulk density are greater than the minimum values provided in
SR 174-1 (500 daN and 2250 kg/m3), while the flow index falls within the range established
by SR 174-1: 150 …450 (0,01 mm). As a result, we can conclude that steel slag can safely
substitute the natural aggregates for the base layer of a road structure, with all the benefits
mentioned above.
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Abstract. An analysis of global statistics shows a substantial increase in flood damage over
the past few decades. With the recent transition to a more risk-based approach in European
flood management policy, flood analysis models have become an important part of flood
risk management. In many cases, flood damages are extensive to the environment, to the
economy and also socially. According to the priority development trend "Infrastructure and
Environment", Ungheni district of Republic of Moldova (RM) aims for an efficient
infrastructure, based on environmental protection, whose development, operation and
maintenance will be done using of a database, protocols, existing guides and accessible to
the level of each local public administration. In the last decade, projects have been
implemented in Moldova to study the phenomenon of floods in order to develop structural
and non-structural measures to protect localities. This article aims is to systematize the
existing knowledge and characteristics of the methods available to give operational
recommendations and principles that can support authorities, local entities, and the
stakeholders involved in decision-making with regard to flood risk management in their
compliance with the Floods Directive (2007/60/EC), national and local legal framework.
Keywords: flood risk, GIS, flood risk management, flood Directive, hydraulic modelling, Flood
Risk Assessment (FRA), SWOT analysis.
1. Introduction
RM is prone to different kinds of natural hazards including drought, floods, severe
weather, earthquakes and landslides. In many cases, flood damages are extensive to the
environment, to the economy and also socially. Heavy rains result in frequent floods, to
which a great part of the country's settled areas are exposed. The most recent severe floods
occurred in 2008, 2010 & 2020. Climate variability and change is likely to increase the
frequency and intensity of natural disasters. Flood risk management aims at mitigating the
impact of such extreme events as floods. Important to consider that emergency situations
regarding flood can happen not only as result of natural overflow, but also as a result of
accidents at hydrotechnical constructions on the rivers. The management of these
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emergency situations generated by floods is more than a necessity considering the
frequency of the production and the dimension of those effects. According to the Directive
[1], the key-elements for effective flood risk management are:
• damage preventing by avoiding building houses and other buildings in flooded
areas;
• taking practical measures for affected areas by floods in order to mitigate their
impact;
• informing the population about the being flood risk;
• developing the plans of emergency response in case of floods,
• mitigation
the
social
and
economic
impact
of
floods
on
the
affected population.
The historic events of natural hazards on the Republic of Moldova territory was
studied by Mihailescu [2], the research confirms that floods on the current territory occur
from the oldest times – the first documented events were in 544, 545-547, 895-896, 1007,
1146,1156, 1162, 1164 etc. In the XXth century the flood events occurred in 1908, 1911,
1913, 1927, 1932, 1933, 1941, 1948, 1955, 1962, 1969, 1974, 1976, 1979-1981, 1984,
1991, 1993, 1994, 1995, and the most recently events date from 2008, 2010 and 2020
(https://www.facebook.com/ntvmoldova/videos/inunda%C8%9Bii-devastatoare-lacomrat/328029908493119/;
https://www.zdg.md/stiri/
stiri-sociale/foto-inundatiile-de-lacomrat-igsu-anunta-ca-a-creat-statul-major-155-de-angajati-lucreaza-la-fata-locului/).
But,
actually, the risk is different from 544 to 1007, from 1007 to 2008, and difference
permanently increases. Firstly, because vulnerability is the component that changes
overtime and directly depends on the level of economic development of the country and it
is appreciated as the most complicated component of the risk assessment process.
Secondly, vulnerability concept has a wide range of interpretations and dimensions along
multi definitions and different conceptual frameworks [3,4].
Natural hazards are an integral part of everyday life. The multiple studies show that
their final elimination is impossible, from which it follows that the main and constant
option being to reduce losses via prevention measures, because disaster prevention is
always cheaper than subsequent recovery. Flood risk management means the application of
policies, procedures and practices aimed at identifying risks, analysing and assessing them,
treating, monitoring and reassessing risks, developing and implementing appropriate
measures to reduce them, so that human communities, all citizens can live, work and meet
the needs and aspirations in a sustainable economical and social environment [5].
In the context of flood protection, the Local Public Authorities, including Ungheni
district, are characterized by:
• lack of well, clear and accessible guidelines, protocols for different categories of
people for simple application;
• low standards in building, inappropriate planning of the terrain usage, illegal
building of houses in vulnerable areas,
• outdated system of flood control (over 3500 breakwaters and dams require urgent
repair in order to cope with such crises situations as from 2015),
• insufficient works with a protection role against floods, the necessity of establishing
a flood monitoring system at the national and sub-regional level up to international
standards,
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•

lack of collaboration between the designing institution „Acvaproiect”, „Urbanproiect”,
„Ruralproiect” and the Institute for Design of Auto Road in order to develop some
general complex plans of building construction, taking into account protected
measures against floods,
• confusions at government level about institutional capacity (responsible institutions,
ownership aspect etc.).
The existing situation highlights the need for a detailed SWOT analysis on the study
of floods, protection measures and knowledge’s at the level of Local Public Authorities
(LPA), various stakeholders, including at the level of residents in risk areas. The purpose of
this paper is to identify weaknesses and opportunities for local strategies on the risk flood
areas in Ungheni district. The data and information collected on this domain refer mainly, to
the ones collected under the EPTATF 2013-2016, Management and Technical Assistance
Support to Moldova, Flood Protection Project - Service contract No TA2011038 MD EST
funded by the EIB [7]. By implementing that project was collected geographic data and
information about rivers network and lakes (more than 11,700 very small/small/medium
and large) on the whole territory of the RM by digitizing the water surface on orthophoto.
The latter one layer was used and processed for hydraulic purposes verifying its consistency
with the actual situation on the ground. An assessment of the data quality was also carried
out and obtained from the data owner. The result of this assessment was recorded to ensure
that data quality is fitting for analyses of flood events.
2. Legal Framework
In order to achieve the expected results, it is necessary to identify the national and
EU legislative framework with direct or tangential involvement, which would allow the
elaboration of the adjustment instruments, as well as the identification of the institution
and the human resources responsible for the prevention of the hazards included flood
activities and the elaboration of the adjustment instruments on the local legislative
framework. At present, the field of water bodies management is regulated by a series of
normative acts (laws and Government decisions).
In this light, the concept of managing flood risk has shifted towards exploring more
comprehensive and sustainable approaches. This change has been guided by international
initiatives and legislation at a European level, such as the European Floods Directive
2007/60/EC [1], is one example. This flood risk management (FRM) vision not only
considers hazards, but also possible consequences [6]. The directive prescribes risk
assessment and mapping as well as the development of flood risk management plans,
aimed at reducing adverse consequences. In order to obtain a good result of environmental
studies, especially when it comes to a geographical area located on the border with a
country in the European Community, it is necessary to take into account both the EU and
national legal framework.
2.1 International regulatory framework
The following lists reflect the most relevant International Normative
Acts/International agreements which is recommended to take in considerations:
1. EU Water Framework Directive (WFD, 2000/60/EC) which aims to establish a framework
for the protection of surface waters and not only their surface waters [8];
2. EU Floods Directive (FD, 2007/60/EC) on the assessment and management of flood risks
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- establishing a framework for the assessment and management of flood risks, with the
aim of reducing the negative consequences for human health, environment, cultural
heritage and economic activity associated with floods [1];
The framework for cooperation with the EU, in force since July 1998;
Protocols on Water and Health;
The Aarhus Convention The UNECE Convention on Access to Information, Public
Participation in Decision-Making and Access to Justice in Environmental Matters was
signed on 25 June 1998 and entered into force on 30 October 2001;
Millennium Development Goals (MDGs) - Millennium Declaration, UN Millennium
Summit, New York, 2000 etc.

2.2 National regulatory framework
The first two EU Directives have found their transposition into the Law of Waters,
Government Decision no. 590 of 21.06.2018 regarding the approval of the Concept of the
reform of the national system of management, prevention and reduction of the
consequences of floods. Thus, the transposition of the provisions of Directive 2007/60 / EC
and synchronized with the implementation of the Framework Directive 2000/60 / EC on
establishing an EU water policy framework, both by coordinating flood risk management
plans and river basin management plans, as well as by coordinating public participation
procedures in the preparation of these plans. In the following, a series of normative acts
with direct implication, either tangential to the purpose of this task, is listed:
1. Water law of 23.12.2011, regulates the legal framework for water management,
protection and use (partially harmonized with EU directives in the field of water,
including the Framework Directive 2000/60 / EC of the European Parliament and of the
Council of 23 October 2000 on the establishment of an EU water policy framework and
Directive 2007/60 / EC of the European Parliament and of the Council of 23 October
2007);
2. The Law on Natural Resources no.1102 of 06.02.1997, published in the Official Gazette
no. 40 of 19.06.1997, stipulates that all surface waters and groundwater are national
water resources and the first impermeable layer local resource;
3. Law on Environmental Protection no. 1515-XII of 16.06.1993, published in the Official
Gazette no. 10/283 of 30.10.1993 establishes the framework for the protection of all
water resources and aquatic ecosystems;
4. The Law on Areas and Strips for Protection of Rivers and Aquatic Basins No. 440 of April
27, 1995, published in the Official Gazette no. 43 of 03.08.1995, establishes the
requirement to create protection zones and strips along the rivers and bodies and
regulates related activities;
5. Law no. 271-XIII of 9 November 1994 on civil protection, establishes the fundamental
principles of organizing civil protection in the Republic of Moldova, which is a system of
measures and actions taken to ensure the protection of the population, property in
natural and ecological calamities, disasters;
6. Law no.721 of 02.02.1996 on quality in constructions - establishes the legal, technical,
economic and organizational basis of activity of physical and juridical persons in the
field of constructions, their obligations and their responsibility regarding the quality in
constructions;
7. The Government Decision no.977/2016 regarding the approval of the Regulation for the
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exploitation of the accumulation lakes/ponds, which regulates the way of drawing up
the Regulation of the accumulation lakes/ponds and establishes the general criteria for
the exploitation of the water accumulations, regardless of the form of property, for the
purpose of their fair and sustainable exploitation, and applies to any natural or legal
person who owns and manages accumulation lakes/ponds;
8. Government Decision No.590 of 21.06.2018 on the approval of the Concept of Reform of
the National System for Flood Management, Prevention and Reduction - the purpose of
the Concept is to establish fundamental principles and objectives for flood protection as
well as to adjust the legal framework and institutional management in the field of flood
risk management, prevention and reduction;
9. 9.10. Government Decision on approval of the Water State Cadastre Regulation No.
763 of 23.09.2013, published in the Official Gazette no. 213-215 of 27.09.2013 establishes the structure and content of the State Water Cadastre, and the purpose of
the Cadaster is the efficient management, protection and use of surface waters and
groundwater on the basis of state evidence of cadastral data and the provision of central
public authorities, local public administration authorities, natural and legal entities
interested in cadastral information;
10. Government Decision no. 1030 of October 13, 2000 "On the approval of the Protection
Scheme of the Republic of Moldova against floods" provides for the primary measures to
protect the localities and flood land, as well as to counteract the negative consequences
on the national economy and on the environment;
11. Government Decision no. 433 of June 18, 2012 "For the approval of the Regulation on
flood protection dams", establishes mandatory provisions for the application of all
natural and legal persons involved in the design, construction and exploitation of flood
protection dams located in the Republic of Moldova;
12. Government Decision no. 887 of 11 November 2013 "On the approval of the Flood Risk
Management Regulation" (partly transposed by Directive 2007/60 / EC of the European
Parliament and of the Council of 23 October 2007 on the assessment and management
of flood risks) sets out the regulatory framework for risk management floods based on
flood risk management plans in river basins, procedures and assistance mechanisms for
the population affected by floods;
13. Govermmanet Decision (G.D.) Nr. 562/2020, approved the Flood risk management plan
for the Danube-Prut and Black Sea river basin district (figure 1).
The structure of the National Flood Warning, Alarm and Response System for Flood Risk
Reduction involves four stages of action:
1. monitoring,
2. forecasting and prevention,
3. warning,
4. response to floods by eliminating the consequences.
The main source for developing Action Plan (for example, the sequence in the table
1) is the EPTATF 2013-2016, project [7]. Legislative acts clearly reflect the main notions
relevant to the field of floods such as:
Floods are natural phenomena which cannot be prevented.
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Figure 1. Hydrographic basin districts of RM.
However, some human activities (such as increasing human settlements and
economic assets in floodplains and the reduction of the natural water retention by land
use) and climate change contribute to an increase in the likelihood and adverse impacts
of flood events. Flood means the temporary covering by water of land not normally
covered by water. This shall include floods from rivers, mountain torrents, Mediterranean
ephemeral water courses, and floods from the sea in coastal areas, and may exclude floods
from sewerage systems;
Flood risk - means the combination of the probability of a flood event and of the
potential adverse consequences for human health, the environment, cultural heritage
and economic activity associated with a flood event.
Table 1
The sequence from the G.D. Nr. 562/2020
Nr.

P5

District

Ungheni

Name of areas
(location)
Flooded areas near
Sculeni

General assessment of conditions
Unsatisfactory condition: the ridge of the
dam is uneven, unevenness of 0.5-0.7 m;
risk of overflow for 5% of the total length of
the dam.

Areas with a potentially significant risk of flooding were identified on the basis of
the preliminary flood risk assessment, which was carried out within the project EPTATF
2013-2016 [7]. The methodology for developing of the Master Plan for flood risk
management planning according the EU Floods Directive [2007/60/EC], include the
follow cycle [8, 9]:
1. Identifying flood hazard and risk areas,
2. Identifying measures to reduce flood risk,
3. Developing a Phased Investment Programm,
4. Strengthening the capacity of the responsable institutions.
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3. Data colection for the flood risk management
High level hydrological and hydraulic modelling carried out for 12 000 km of rivers
to identify the areas with highest flood risks according of the methodology involve:
• estimated 1% flood modelled in order to identify flood prone area,
• vulnerability assessment defines the relationship between flood
characteristics and damage,
• flooded areas overlapped with vulnerability to produce flood risk map (figure
2).

Figure 2. Graphical interpretation of the process for creation of the risk maps.
For detailed hydraulic modelling the data collection include about the 743 cross
sections surveyed (river channel bathymetry) on Prut (including Costeşti–Stânca reservoir)
and the 15,700 dykes crest levels points surveyed (dykes condition evaluated and 12,700)
georeferred pictures taken and the results is reflected in a GIS layer indicating the dyke
satisfactory/poor condition [10]. For geographic data collection, airborne laser scanning
technology on 1,912 km², with resolution 2 p/m² (figure 3) was used.
Essential for planning system improvements was people interviews to collect
knowledge of rivers and flood defenses condition [7].

Figure 3. Data collections: Yellow - existing LiDAR survey of the central part of Moldova
(2011, ALRC); Red - new LiDAR survey; Green - photogrammetric data derivation.
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The created of the Geodatabase in electronic format containing [11, 12]:
• data and information collected,
• high-level flood/risk outlines for whole Moldova,
• maps of hydraulic hazard and risk,
• maps of the flood extension for dam failures,
• river long profiles,
• maps of measures for flood risk reduction,
• gauged flow data on the Dniester and the Prut,
• rainfall runoff analysis for rivers in Moldova,
• models provide flood extent, flood depth and flow velocity,
• calibration and validation using historic flood data (flooded area during 2008 event
observed from satellite vs modelled).

Figure 4. Creation of 1D and 2-dimensional (2D) river and floodplain models.
All these data were taken into account at creation of 1D and 2-dimensional (2D) river
and floodplain models (figure 4):
• 1D module solves the equations of De Saint Venant,
• 2D module solves the equations of Navier – Stokes,
• 3 sizes of flood (1% (1-100-year), 0.5% (1-200-year), 0.1% (1-1,000-year)
Annual Exceedance.
Model results were provided in GIS format. Flooded areas calculated using a
grid of triangular cells (figure 5).

Figure 5. Model Results in GIS format.
•
•
•
•
•
•

Each cell from the grid contains the following values (figure 6):
area [m²],
ground level [m a.s.l.],
min/max water depth [m],
water surface elevation [m a.s.l.],
min/max velocity of the water [m/s],
max unit flow during the simulation (depth*speed) [m³],

•

hazard value (water depth*(velocity+0.5)).
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Figure 7. Flood hazard in Ungheni district.

Flood hazard mapping with information included within the maps (figure 8) shows us
the areas that can be flooded in case of heavy rainfall.
Flood risk assessment
Purpose of flood risk assessment (FRA) is to estimate the potential adverse
consequences of flood scenarios on human health, economic activities and the environment.
FRA forms the basis for the identification of flood risk management measures and the
preparation of investment programmers [3, 7]. The notions ‘flood risk’ is used to describe the
effects of flooding. We defined ‘flood risk’ as: (the probability of flooding) x (the
consequences of flooding (figure 8).
For that purpose, was chosen criteria grouped into 3 main categories (table 2):
• Human impacts,
• Economic impacts,
• Environmental impacts.

Figure 8. Graphical interpretation of the vulnerability assessment.
Multicriteria analysis of hazard areas based on cartographic materials (GIS thematic layers)
and hydraulic models allowed the generation of risk maps. Figure 9 shows the degree of the
risk areas (low risk, medium risk, high risk, very high risk) for Ungheni district [9].
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Table 2
The criteria unseeing for FRA

Based on the results obtained and the priorities set by the authorities, stakeholders
the measures to reduce the risk was identified. Primary objectives agreed with stakeholders
was 1) Reduce risk of flooding to people and 2) Reduce risk of flooding of settlements. Thus
a range of options have been identified including:
• Structural options for specific areas (e.g. new dykes),
• Non-structural options that could be applied anywhere (e.g. maintenance of dykes),
• Consultation on options to identify the best solutions for stakeholders.
Structural options is mean the raising the standard of protection, so settlements can
be protected to the 1 in 100-year standard. Thus can include the follow activities:
• Rehabilitate and improve existing dykes (raising dykes, new dykes (or walls),
• Risk of dyke failure is reduced (improved drainage, Increase flood storage and
change the operation of existing dams to reduce flood flows (Costeşti Stânca
reservoir), Increase river capacity),
• Options that also enhance the environment (Naturalisation of river channels, Reduce
pollution on floodplains).
On this base the structural measures are proposed which consists of new dykes for a
total length of 5.0 km with a height ranging from 1.0 to 3.5 m and the raising by 1.5 m of an
existing road for a length of 0.5 km and the dyke height allows a freeboard of 1 m above
the maximum water level for a 1% flood event (figure 10).
One more example to improve localities protection from flood is via providing more
flood storage through modifies Costești-Stânca management rules.
This action was done in the frame of Joint Operational Programme RomaniaRepublic of Moldova 2014-2020, the project „The prevention and protection against floods
in the upper Siret and Prut River Basins, through the implementation of a modern
monitoring system with automatic stations –EAST AVERT”, [10], (figure 11).
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Figure 9. Flood risk maps.

Figure 10. Some structural measures proposed for Ungheni district
One the same time the important role for to reduce the flood risk is via
implementation of the non-structural measures which consist in:
• Improving the system of flood management,
• Maintenance,
• Flood warning, preparation and response,
• Land use planning,
• Catchment management (retain soil and floodwater).
The multiple analyses of different kind of measures suggest combinations of options
(e.g. Improve dykes + Maintenance of dykes and river channel + Flood forecasting and
warning) which are more effective.
One the same time the important role for to reduce the flood risk is via
implementation of the non-structural measures which consist in:
• Improving the system of flood management,
• Maintenance,
• Flood warning, preparation and response,
• Land use planning,
• Catchment management (retain soil and floodwater).
The multiple analyses of different kind of measures suggest combinations of options
(e.g. Improve dykes + Maintenance of dykes and river channel + Flood forecasting and
warning) which are more effective.
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Figure 10. Increasing the flood storage through modifies Costești-Stânca
management rules
SWOT analysis as support for measures to reduce the risk
SWOT analysis can be applied by analyzing and sorting out various things that affect
the four factors (Strengths, Weaknesses, Opportunities, Threats). Strengths and Weaknesses
are internal factors, while Opportunities and Threats are external factors of people in the
community. Strengths and Opportunities have positive impacts, while Weaknesses and
Threats have negative impacts for people. In the base of lot of actions and study of
materials (reports and social cites) the strengths of people in the study area is:
• Good social networking,
• Own house status,
• Realizing they live in risky area.
And the weaknesses of people in the study area are:
• Low-income people,
• Low education level,
• Old generation,
• Long recovery time after flood,
• Low knowledge on Disaster Risk Reduction,
• Located in flood prone area (geomorphologic aspect),
• Inappropriate drainage system etc.
Opportunities FOR people in the study area:
• Good social networking,
• Good social coping mechanism,
• Realizing they live in risky area,
• Urban development,
• New employment opportunities,
• People awareness on Disaster Risk Reduction is increasing.
Threats for people in the study area:
• Lack of program on Disaster Risk Reduction at catchment level,
• Limited fund on Disaster Risk Reduction,
• Low multi-stakeholders involvement on Disaster Risk Reduction.
As conclusions the preparedness plans and early warning systems is done based on
SWOT analysis taking into account strategic aspects. Strategies: Strengths in relation to
Threats:
• Encourage social organization on disaster risk reduction,
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• Social approach on land use changing,
• Find alternative funding for disaster risk management.
Strategies: Weaknesses in relation to threats:
• Preparing emergency preparedness plan,
• Preparing recovery plan,
• Coordination between stakeholders on preparedness, response during flood,
and after flood recovery.
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Abstract. This paper is a detailed description and analysis of the most popular techniques
digital for water quality control nowadays. It is illustrated how these techniques can be
applied to solve problems that have arisen as a result of water pollution of aquatic
ecosystems in different countries of the world. The advantages and disadvantages of using
dynamic simulation software tools are presented and are based on an analysis of their
operation. For each software product are highlighted the water quality parameters that can
be simulated. It also presents the analysis of software products regarding the type of
simulated aquatic ecosystem, as well as spatiotemporal modelling. The realization of these
techniques is based on mathematical models. The development of digital techniques at the
regional level may take into account certain characteristics specific to a particular aquatic
ecosystem. The models can only cover a limited number of pollutants. In the process of
selecting the parameters for the model, pollutants must be chosen which are a concern in
themselves and which would also represent a wider set of substances that cannot be
modelled in detail. Although the digital techniques examined to provide a particularly
accurate estimate of water quality, the behaviour of pollutants in aquatic ecosystems remains
an area of active and current research.
Keywords: pollutants, river, simulation model, software package, water quality.
Introduction
Water resources are an important source for the existence of everything alive.
Ensuring water quality has been and remains the main priority of any society.
Currently, however, there is a continuous degradation of aquatic ecosystems in most
regions of the globe, water quality is increasingly influenced by pollution with various
chemicals, physical and biological substances. The problem of water pollution is also
typical for the main rivers of the Republic of Moldova.
Awareness regarding the toxicity and environmental behaviour of chemicals could
help to reduce or even avoid the side effects that these substances may produce [1].
To solve the problems of analysis and control of water quality, it is necessary to
perform the processing of a large volume of information about physical, chemical and
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biological parameters. Achieving high-precision results in an acceptable period of time
requires the application of mathematical methods and computers.
This knowledge is fundamental for the development of solutions to ensure the
possibility of developing scenarios for predicting the pollution of aquatic ecosystems of the
"river" type [1].
Various digital techniques have been applied to control water pollution lately, the
application of which is an effective method in determining the spatiotemporal evolution of
pollutants [1].
Various dynamic simulation software tools can be used to model the spatiotemporal
evolution of contaminants in “river” aquatic ecosystems. Such software is already made by
many US companies, such as Atlantic Ecology Division, Office of Research and Development
(AQUATOX program), US Environmental Protection Agency (WASP, QUAL2E programs),
ANSYS company from Canonsburg, Pennsylvania, USA (ANSYS CFX program), MapTech
Company in Blacksburg, Virginia, USA (GWLF program), Institute of Freshwater Ecology and
Inland Fisheries, Berlin, Germany (MONERIS program), Aquaveo company in the USA (WMS,
SMS programs), US Army Hydrologic Engineering Centre (WQRRS program), etc. [2].
1. Problem formulation
"River" type aquatic systems are an important source of drinking water, so their
pollution poses a risk to human health. The flow in the mentioned systems represents a
turbulent flow, being a complex phenomenon, characterized by the variation in time and
space of the local speeds, the irregular trajectory, and the intersection of the current lines
of the water particles.
Pollutant dispersion and transport processes are also complex processes. The
dispersion of pollutants is the result of the simultaneous action of a phenomenon of
molecular diffusion of the polluting substance with a convection-advection phenomenon,
due to the existence of a velocity field in the field in which the pollution takes place. The
concentration of the pollutant in the water is influenced by the nature of the porous
medium, the flow regime, as well as by the nature of the pollutant.
Due to the complexity of the phenomena that occur in aquatic ecosystems, the
analytical solution of turbulent flow problems, as well as the determination of the field of
pollutant concentrations, is quite complicated. Therefore, it is very important to collaborate
with experts in different fields, especially: chemistry, physics, biology, hydrology,
mathematics, and computer science. A considerable contribution in solving the problems
related to the determination of water quality, as well as the elaboration of scenarios for
predicting water pollution, belongs to the specialists in the field of applied informatics.
Proceeding from the above, the problem of analyzing digital techniques for
determining the spatiotemporal evolution of pollutants was formulated.
2. Solutions
The use of models or software packages has highlighted many previously unresolved
scientific issues. This is a particularly flexible tool to adapt to other conditions through
modification and improvement. With their help, it is possible to reconstruct and perform
simulations of the processes to which chemical compounds have been subjected in the
past, also to predict the future cycle of chemicals through different ecosystems both
globally and regionally and for different time intervals [4].
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AQUATOX – simulation model for aquatic systems. AQUATOX predicts the fate of
various pollutants, such as nutrients and organic chemicals, and their effects on the
ecosystem, including fish, invertebrates, and aquatic plants [5].
The AQUATOX model has been used successfully to quantify the impacts induced by
insecticides on ecosystem services provided by a lake from toxicity data for organism-level
targets. The simulations showed how exposure to an insecticide could affect aquatic
species populations (eg, abundance of recreational fish) and environmental properties (eg,
water clarity) which in turn would affect the delivery of ecosystem services [6].
Using the AQUATOX-EFDC model, a short-term environmental impact was assessed
for scenarios of 30-30,000 kg of toluene runoff in South Korea's Jeonju River. The result of
the AQUATOX-EFDC simulation showed a significant ecological impact, finding that in the
scenario in which 3000 kg of toluene were leaked for one day, a substantial change was
expected in the range 0-640 m from the accident site. Besides, for a leak of 30,000 kg, a
substantial change was expected in the range 0–2300 m from the site of the accident, and
the greatest damage was observed for the group of fish species, the apex predators [7].
WASP – a program for simulating water quality analysis, being an improvement of
the original WASP (Di Toro et al., 1983; Connolly and Winfield, 1984; Ambrose, R.B. et al.,
1988). This model helps users to interpret and predict responses to water quality, natural
phenomena, and man-made pollution for various pollution management decisions. It is a
dynamic compartment modeling program for aquatic systems, including both the water
column and the underlying benthos [8].
It allows the user to investigate 1, 2, and 3 dimensional systems and a variety of
types of pollutants. It is one of the most widely used water quality models in the United
States and around the world. It might be connected with hydrodynamic models and river
basins, which allows multi-annual analyses in various weather and environmental
conditions. It has been applied to all major estuaries in Florida [8].
The Water Quality Analysis (WASP) simulation program was used to simulate
nutrients, dissolved oxygen (DO), and chlorophyll dynamics in the Shenandoah River Basin,
Virginia. The results of a sensitivity test show that the model error decreases with
increasing model complexity and sensitivity. The model predicted DO values that tended to
be close to the measured data, while total nitrogen and phosphorus tended to be
overemphasized. The results highlight the importance of temperature, flow, and speed in
influencing water quality between seasons and levels on different sections of the river
basin [9].
CE-QUAL-W2 – a two-dimensional, longitudinal/vertical, hydrodynamic, and water
quality model. Because the model assumes lateral homogeneity, it is best suited for
relatively long and narrow water bodies with longitudinal and vertical water quality
gradients. The model has been applied to rivers, lakes, reservoirs, and estuaries [10].
The CE-QUAL-W2 model was evaluated using Xiaxi River data collected in 2007 and
2008. The model results show that CE-QUAL-W2 can predict the total Hg and
methylmercury concentrations observed for the Xiaxi River. This application also
demonstrated the ability of the CE-QUAL-W2 model in predicting the complex transport and
cycling of Hg species in water bodies [11].
As the total dissolved solids (TDS) in the Tigris River in Baghdad and downstream
cities can reach 1000 mg / L exceeding both drinking water and irrigation lines, a
hydrodynamic and water quality model has been developed, CE- QUAL-W2, of the river. A
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sensitivity study suggested that an increase in river flow upstream by 15% results in a
decrease of about 5% in TDS concentration. It was recommended to maintain an average
annual flow in the Tigris River in Baghdad above 420 m³ / s to keep the total dissolved
solids concentration below 500 mg / L and to strictly control the flows through Lake
Tharthar and the return flows of irrigation in the main trunk of the river Tigris [12].
The two-dimensional model (CE-QUAL-W2) was used to model water quality in a
reservoir of Uiam Lake in Korea that receives nutrients from both non-point and point
sources. The result of the scenario simulations showed that reducing the P of the STP
effluent from 0.9 mg / L to 0.1 mg / L would effectively reduce the chlorophyll
concentration in the lake by 62%. The effect of phosphorus loading can have quite different
effects on phytoplankton growth depending on the runoff pattern and the hydrological
characteristics of the receiving water bodies [13].
Ansys CFX – industry-leading fluid dynamics calculation software for turbomachine
applications. It is known for its accuracy, robustness, and outstanding speed. It is easy to
use, but extremely powerful and precise for applications such as pumps, fans, compressors,
and gas and hydraulic turbines [14].
Ansys CFX 17.1 and the Telemac 3D Solver were used to show how two different
numerical codes simulate the propagation of turbidity currents. It is known that turbidity
currents can be a relevant lever to manage the accumulation of fine sediments in tanks. The
simulations were performed on two configurations. The first case concerns the modeling of
the sinking of a turbidity current. The second model consisted of testing the turbidity
current ventilation as a solution for managing the sedimentation of the tank. The
advantages and limitations of both approaches are discussed to provide guidelines for
modeling turbidity currents in real tanks [15].
QUAL2K (or Q2K) – a water quality model for rivers and streams that are intended to
be a modernized version of the QUAL2E (or Q2E) model (Brown and Barnwell 1987). Q2K is
similar to Q2E in the following aspects: one-dimensional, the channel is well mixed
vertically and laterally [16].
Simulation of water quality parameters of the Dez River in Iran (electrical
conductivity, dissolved oxygen, carbon dioxide oxygen demand, NH4-N, NO3-N, and pH)
were assessed using the water quality model (Qual2k). The data observed in July 2012 and
March 2013 were used for the calibration and validation of the Qual2k model, respectively.
The water quality index was assessed over a period of 8 years in terms of industry growth
and drought. The calculated water quality index in Iran showed values of 70,1–85. In
conclusion, the Qual2k model has been proposed as an appropriate tool for future water
quality assessment and forecasting [17].
To propose nitrogen pollution control strategies in a sparsely populated stream in
Shixi Creek, southeast China, a simulation-optimization approach based on the QUAL2K
model has been developed. The model showed good agreement with field observations
from 22 sampling sites sampled between March 2017 and February 2019, with a normalized
objective function (NOF) of less than 0,360. For more than 80% of the surface in Shixi Creek
to meet the grade III water quality standard, an optimized approach is to reduce more than
55% of N pollution due to point source and 10% of nonpoint point source pollution [18].
GWLF – is a model for predicting the loading of the river basin of medium level,
developed to evaluate the nonpoint source flow and the loading of sediments and nutrients
from urban and rural river basins. The model offers the ability to simulate runoff, sediment,
Journal of Engineering Science

June, 2021, Vol. XXVIII (2)

142

Digital techniques for water pollution control

and nutrient loads (N and P) from a river basin considering areas of varying sizes (eg
agricultural, forested, and developed land). It is a continuous simulation model, which uses
daily time steps for weather data and water balance calculations [19].
The improved model of generalized river basin loading functions (GWLF-E) has been
used to simulate water budgeting, field erosion, and stream erosion along a gradient of
agricultural to urban land cover from 1997 to 2015 in the Indian Mill Creek watershed in
Michigan, USA. The results showed that GWLF-E could have overestimated the discharge
into sub-pools. Evaluation with current strip erosion data found that GWLF-E may have
difficulty capturing the complexity of erosion rates, including cases where sediment is
deposited on current banks from upstream sources and underestimates current bank erosion
in hydrographic basins, sometimes over an order of magnitude [20].
The RGWLF river basin model, which is coupled with a widely recognized multiobjective optimization algorithm and the non-dominant genetic sorting algorithm II
(NSGAII), was applied in the Luanhe river basin to search for spatial BMPs (Best
Management Practices) for dissolved nitrogen (DisN). The results indicated that at a
minimum cost of 9,09 × 107 yuan, the DisN load is 3,1 × 107 kg, and at a maximum cost of
1,77 × 108 yuan, the total dissolved nitrogen load is 1,31 × 107 kg; with the scenario
without measures, the DisN load is 4,05 × 107 kg [21].
MONERIS – a model that calculates nitrogen and phosphorus emissions into surface
water, in different ways, as well as flow retention in the surface water network.
The application of the MONERIS approach (modeling of nutrient emissions in RIver
systems) has been successful in modeling nutrient inputs from the Danube basin. It is a
semi-static emission model for point and diffuse nutrient sources that can also be adapted
to cope with heavy metals and priority substances (eg lindane) [22].
Modeling studies (MONERIS) allowed the calculation of nitrogen (N) and phosphorus
(P) emissions in the Vistula and Oder basins (Poland) and facilitated the estimation of N and
P retention in these basins in 1995-2015. The increase of 5,3 times and 3,5 times of N and
P emissions in the Oder basin, with the maximum (135,000 tons N year - 1; 14,000 tons P
year - 1) observed at the beginning of 1980/1990 was due to population growth and the
intensification of agriculture. Pro-ecological activities during the economic transition period
(since 1989) have covered various sectors of the economy, including agriculture,
environmental protection, for example, the construction of a large number of wastewater
treatment plants. Consequently, in 1985-2015, the emission in the Oder basin decreased
from the above-mentioned maximums to 94,000 tonnes N year - 1 and to 5,000 tonnes P
year - 1, while in 1995-2015, the emission in the Vistula basin decreased from 170,000 to
140,000 tons N year - 1 and from 14,200 to 10,600 tons P year - 1 [23].
WMS – a graphical system for simulating hydrographic and hydraulic basins in twodimensional space. It can be used to model both the quantity and quality of water. WMS
was developed in the early 1990s at Brigham Young University, USA [2].
SMS – a software package for surface water modeling. It was developed by US
experts from Aquaveo Company. It can solve dynamic and static problems. It is widely used
in process simulation in "river" type water systems, as it manages the entire modeling
process: from importing topographic and hydrodynamic data to visualizing and analyzing
solutions. The modeling process includes river hydrodynamics, rural and urban flooding,
wave modeling, following the dynamics and physical properties of water particles,
determination, and analysis of pollutants [3].
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To identify tidal characteristics and currents in Lemong waters, Lampung province,
as parameters for coastal protection planning, the analysis of current and tide by numerical
modeling was performed on the RMA2 module of the Surface Water Modelling System
(SMS) software. The modeling was performed using the online nesting method, with four
levels of network resolution with the highest resolution at 1 x 1 km2 near the waters of
Lemong beach. The modeling results show that the tide in the Lemong Beach area reaches
1,4 m with a dominant mixed semi-diurnal type. The model also shows that the current
pattern in Lemong Beach waters moves predominantly southeastward during flows and
northwestward during ebb [24].
WQRRS – a model developed by the United States Army Corps of Engineers,
simulates DO, total dissolved solids, P, NH3, NO2-, NO3-, alkalinity, total carbon, organic
components and a range of aquatic biota, including plankton, algae, bacteria coliforms, and
several species of fish. It shapes the hydrodynamic shape, determines depths and
speeds [3].
The water quality of Lake LaFarge, Wisconsin, was investigated using a reservoir
version of the Ecological Water Quality for River Systems (WQRRS) model. The study
focused on concentrations of temperature, dissolved oxygen, and algae. The tests indicated
that, in essence, all the nitrogen and soluble phosphorus in the river were in available
forms for algae growth and that phosphorus was most likely the limiting nutrient in the
proposed network. The simulations indicated that Lake LaFarge will probably be thermally
stratified from May to September [25].
There are different systems for modeling the transport of pollutants in rivers. These
include complete hydrodynamic models implemented in MIKE11 (DHI Water &
Environment), InfoWorks-RS (Innovyze), and HEC-RAS (USA), and conceptual tank-type
models [26].
MIKE 11 – a professional engineering software package for simulating flows, water
quality, and sediment transport in estuaries, rivers, irrigation systems, canals, and other
water bodies. It is a one-dimensional, easy-to-use, fully dynamic modeling tool for detailed
analysis, design, management, and operation of both simple and complex river and canal
systems [27].
The MIKE 11 NAM conceptual hydrological approach was used to develop a leak
simulation model for the Arpasub Basin in the Seonath River Basin in Chhattisgarh, India.
The results of calibration and validation show that this model can define the process of
drainage of precipitation from the basin and thus predict the daily flow [28].
The analysis of the sensitivity of the roughness coefficient of Manning, n on the
water level of the Delta Mahanadi rivers was performed with the help of the onedimensional hydraulic modeling package MIKE11. The results showed that the model is
sensitive to the roughness coefficient. The value "n" increases with the growth of the
stage [29].
InfoWorks ICM (Integrated Catchment Modelling) – the first-ever software platform
on the market for complete and truly integrated 1D / 2D hydrodynamic modeling of both
rivers and sewage systems [30].
The InfoWorks Integrated Catchment Modeling (ICM) model was used to simulate
hydrographs at the outlet of a basin (drainage area 8.3 ha, with 95% permeable areas) in
Shenzhen, China. The model incorporating the direction of the quasi-linear double reservoir
has been shown to have a greater effect on simulated hydrographs for precipitation events
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with greater depths and longer durations than the US EPA's nonlinear reservoir steering
method [31].
To optimize the locations of water quality storage tanks, a new design strategy was
proposed using the InfoWorks ICM model. Thus, its application in the design of
decentralized storage tank locations in Fuzhou, China, has shown that the proposed
strategy can reduce the total volume of decentralized storage tanks to 0.38 times that of a
terminal tank [32].
The need to monitor and map floods has become a mandatory cause of their
negative impact on natural resources. In L'Île-Bouchard, this phenomenon occurs
frequently, and people living in the flood-prone areas of the Vienne are extremely
vulnerable to floods. An analysis of the flood hazard map and the risk map of a river sector
for the Vienne river that crosses this commune was made using the InfoWorks ICM software
and ArcMap. The results indicated that the model can simulate the actual depth of flooding
so that flood hazard maps and flood risk maps were developed [33].
HEC-RAS – software that allows the user to perform a constant one-dimensional
flow, non-uniform flow calculations in one and two dimensions, sediment transport /
mobile bed calculations, and water temperature/water quality modeling [34].
A numerical model of water quality (HEC-RAS) was developed to simulate the
carbonaceous biochemical oxygen demand (CBOD) and dissolved oxygen (DO), in a selected
area extended to approximately 25 km in the Diyala River and 22 km in the river Tiger.
The results showed that the Diyala River was polluted in the region downstream of
the Al-Rustimiya wastewater treatment plants (treatment plants) with CBOD values ranging
from 18 to 25 mg / L and DO ranging from 1 to 3,1 mg / L for the wet season and dry
seasons.
While for the Tigris River, CBOD values decreased from 17 to 18,1 mg / L in the dry
season and from 3 to 5 mg / L in the wet season [35].
The HEC-RAS model was used to analyze the cleaning of a bridge on the Kabul River
near Peshawar, Pakistan. The results showed that the square pillars resulted in a greater
cleaning depth compared to the circular pillars. The same trend was observed in the case of
hole sizes. A comparison of the experimental results with the hydraulic software (HEC-RAS)
showed that they subsequently gave slightly higher cleaning depth values under similar
conditions. But this difference decreased with increasing discharge [36].
TLM – the transmission line matrix model can be used to predict the spatiotemporal
evolution of a pollutant in natural flows for effective and rapid decision making in case of
emergency [37].
All software tools analyzed in this paper have several advantages, but also
disadvantages that are presented in Table 1.
Table 1
Advantages and disadvantages of dynamic simulation software tools
Advantages
Disadvantages
They allow the investigation of 1, 2, and
3 dimensional systems and a variety of
types of pollutants
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Continuation Table 1
Ensures the modelling of both the Simulation modeling and analysis can be
quantity and quality of water
time-consuming
Simulation software vendors have
They are characterized by multiple
developed many packages that contain
templates that require only inputs, ie only
functions (eg AQUATOX)
templates
Have the ability to calculate the twodimensional velocity field for narrow The results of the simulation can
systems that are stratified (eg CE-QUAL- sometimes be difficult to interpret
W2)
They have a high degree of accuracy,
robustness and outstanding speed, are
easy to use (eg Ansys CFX, MIKE 11, etc.)
It also differs according to the number of simulated water quality parameters,
information that is represented in Figure 1. From the diagram can be noticed that the
WQRRS model allows the simulation of the largest number of water quality parameters.

Figure 1. Comparative analysis of software tools for dynamic simulation of water quality
parameters.
Another difference is the way it manages the spatial and temporal dimensions for
example the SMS and InfoWorks ICM software packages, as well as the way it models the
transport processes of the Ansys CFX, WMS, MIKE 11, and TLM software packages.
Thus, following the analysis performed on the use of different software tools for
dynamic simulation of aquatic ecosystems, can be observed that not all models can be
applied in all conditions.
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Conclusions
An analysis of digital water pollution control techniques was performed. A
comparative analysis of software tools was performed based on the number of model
parameters, which allowed us to find that those software tools that model a larger number
of parameters are more complex, i.e. include a larger number of functionalities. Another
important element in the analysis process was the degree of complexity of the analyzed
aquatic ecosystems, so the simulations for each aquatic ecosystem require different specific
software tools. Of major importance in the process of using digital techniques to control
water pollution are both spatial and temporal details.
The advantages and disadvantages of the analyzed digital techniques were
determined. It has been established that not all products analyzed can be applied under all
conditions.
Mathematical and numerical modelling of aquatic systems is applied both in the predesign stage and in the practical use process.
It has been found that digital techniques are a powerful tool for determining water
quality, as well as developing scenarios for predicting water pollution.
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Abstract. Dairy products are susceptible to contamination by foodborne pathogenic and
spoilage microorganisms, which can result to a reduced shelf life of products as well as
risks to the consumers’health. This determines the possible use of preservatives in the
manufacturing process of dairy products. Consumers require healthy food, free of synthetic
preservatives, looking for natural alternatives to ensure food safety. Just for this reason,
natural ingredients are receiving increasing attention as substitutes for synthetic additives.
Currently, research is focusing on the identification of natural antimicrobial agents,
especially from plants such as fruits, vegetables, herbs and spices, as they contain
significant amounts of compounds with antimicrobial activity. In addition, plants contain
bioactive compounds, which could provide health benefits in preventing many diseases.
This review aims to discuss the impact of natural antimicrobials on foodborne pathogenic
and spoilage microorganisms in products, the antimicrobial efficacy of plant extracts and
essential oils and the impact of their incorporation on the sensory characteristics of dairy
products such as yogurts, cheeses, butter and ghee.
Keywords: spoilage, foodborne pathogen, natural antimicrobial, plant extracts, essential oil,
shelf-life.
Introduction
Food safety is one of the main problems in the food industry, and there is always
concern about the emergence of foodborne diseases among food producers, inspectors,
researchers and consumers. The International Conference on Food Safety held in Addis
Ababa in February 2019, and the International Forum on Food Safety and Trade held in
Geneva in 2019, reiterated the importance of food safety in achieving the Sustainable
Development Goals [1].
Besides contributing to food and nutrition security, a safe food supply also supports
national economies, trade and tourism, and stimulates sustainable development. As the
world's population grows, the intensification and industrialization of agriculture and animal
production to meet increasing demand for food creates both opportunities and challenges
for food safety [2]. These challenges place great responsibility on food industry producers
to ensure food safety. Over the last decade, serious outbreaks of foodborne illness have
emerged. Unsafe food poses a threat to global health, endangering the entire population.
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Infants, young children, pregnant women, the elderly and those with a underlying disease
are particularly vulnerable. Every year, 220 million children suffer from diarrheal diseases
and 96000 die [1].
The situation regarding acute diarrheal diseases in the Republic of Moldova is also
considered unfavorable. About 20000 cases of the disease are registered annually, including
10-20 deaths in children under the age of 5. In the structure of morbidity predominate
children aged 0 - 17 years (60 - 75%) and in the urban population, it is 1,9 times higher
compared to the rural population. The morbidity index due to acute diarrheal diseases in
2017 is 464,4 per 100 thousand population and are increasing compared to 2016 by 9,4% [3].
The main cause of acute diarrheal diseases and food poisoning is the use of food
contaminated with microbial pathogens, toxins or radioactive components. Foodborne
pathogens (Clostridium botulinum, Staphylococcus aureus, Campylobacter jejuni, Bacillus cereus,
Listeria monocytogenes, Cryptosporidium, Escherichia coli O157: H7 etc.) are the main food
safety concerns [4].
Therefore, the production of safe food is one of the most important priorities in the
food industry. Various methods, including heat processing, decreased water activity, various
packaging methods, irradiation, high pressure, high intensity pulsed electric field processing
and the addition of preservatives have been used to produce safe food [5].
The addition of GRAS preservatives is one of the most widely used methods of
ensuring food safety. Among the most used synthetic preservatives are nitrates, benzoates,
sulfites and sorbates which, despite the benefits to food, such as safety and quality of
products, pose risks to consumers due to the side effects that consumption can cause [6].
Many synthetic preservatives, such as butylhydroxyanizole (BHA) and
butylhydroxytoluene (BHT) have been used successfully to prevent food spoilage caused by
lipid oxidation. In contrast, synthetic compounds have significant disadvantages, such as
the risks of handling and the increase of chemical residues left in food. In addition, these
preservatives could have negative consequences on consumers'health, with possible
carcinogenic effects. Therefore, the food industry and research institutions are concerned
with identifying natural preservatives as an alternative to synthetic ones, in order to meet
consumer requirements for safe and healthy foods [7].
Dairy spoilage microorganisms
Globally, food spoilage caused by microorganisms still widely affects all types of
food and causes food waste and loss, even in developed countries. It has been estimated
that annual food losses worldwide reach up to 40% due to various factors, including food
spoilage under the action of microorganisms [8].
Table 1
Key groups of spoilage bacteria known to contaminate pasteurized milk and their
characteristics
Examples of
Overview of key phenotypic characteristics
Group
genera/species
relevant to fluid milk spoilage
- many strains can grow at 4°C and below;
P. fluorescens
- many strains can produce extracellular
P. fragi
Pseudomonas
enzymes (e.g., proteases and lipases);
P. lundensis
- some strains produce pigmented
P. putida
siderophores (e.g., pyoverdin).
Journal of Engineering Science

June, 2021, Vol. XXVIII (2)

Effects of natural bioactive compounds on microbial safety and quality of dairy products

151

Continuation Table 1

Coliforms

Non-coliform,
nonPseudomonas
gramnegatives

Gram-positives
sporeformers

Enterobacter
Klebsiella
Citrobacter
Hafnia
Serratia
Aeromonas
Flavobacterium
Acinetobacter
Non-coliform
Enterobacteriaceae

Bacillus cereus

-

many strains can grow at 4°C and below;
many strains can produce extracellular
enzymes (e.g., proteases and lipases).

- many strains can grow at 4°C and below;
- many strains can produce extracellular
enzymes (e.g., proteases and lipases).
- some B. cereus group lineages (e.g., B.
weihenstephanensis) and several
Paenibacillusstrains can grow at
temperatures as low as at least 6°C;
- some strains produce extracellular
enzymes (e.g., proteases and lipases).

Alteration of milk is primarily due to the increase in the population of psychrotrophic
microorganisms that trigger the lipolysis reactions of fatty acids and proteolysis reactions of
milk proteins, even at a temperature of 0oC (the optimal development temperature is
20...30oC) [9]. Lipolysis of milk lipids leads to the accumulation of free fatty acids, shortchain glycerides and to the appearance of unwanted flavoring of milk and other dairy
products.
Quality problems and defects associated with the presence of lipolysis in dairy
products can be described as rancid, butyric, bitter, soapy and astringent. Once lipolysis
produces detectable flavors, it is not possible to remove them from the product [5]. In
addition, the hydrolysis of milk proteins under the action of proteases produced by
Pseudomonade, Aeromonade, Serratia and Bacillus spp. leads to the formation of bitter
peptides and amino acids, to the gelation and coagulation of milk [10, 11, 12, 13].
Alteration of milk is mediated by lipases that are naturally present in milk as well as
lipases secreted by psychotrophic bacteria that can contaminate milk during milking,
storage and transport [12, 14]. One of the most important properties of these bacterial
enzymes is thermostability [10, 15].
Therefore, it is important to develop good practices and strategies to reduce the risks
of milk contamination before pasteurization, as the action of residual enzymes during
storage will shorten the shelf life of the milk [10].
When making cheese and butter, flavor defects caused by lipolysis may occur before
or after manufacture, while yogurt is less susceptible to lipolysis defects due to
technological factors such as low pH, low storage temperature and short shelf life [11, 16].
Although various applications of herbs and spices are being studied to capitalize on
them as new food ingredients, there is a lack of information on the effect of adding these
extracts on the lipolysis or proteolysis process in dairy products.
This should be considered, as some ingredients, such as pepper, promote lipase
activity in cheese, leading to the accumulation of fatty acids and the appearance of rancid
flavor [5].
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Foodborne pathogens in dairy products
Farm animals represent a major source of pathogens that can be transferred milk
[17, 18]. Staphylococcus aureus, Salmonella spp., Listeria monocytogenes, Escherichia coli
O157: H7 and Campylobacter are the most common potential pathogens associated with
milk or dairy products in industrialized countries [19, 20]. Foodborne bacteria can
contaminate dairy products at any point along the production chain: milking, storage or
packaging [21].
Reports from developed countries indicated that milk and dairy products are
implicated in 1…6% of the total bacterial foodborne outbreaks [22], with 39,1% attributed
to milk, 53,1% to cheeses and 7,8 % to other dairy products [23].
The severity of food poisoning caused by the consumption of raw milk products
depends on several factors, such as the pathogenicity of the bacterial strain, the number of
ingested microorganisms, the physiological state of the microorganism and the health of
the consumer at the moment of ingestion [24].
Heat treatment of milk (pasteurization or UHT treatment) aims to inactivate
pathogenic bacteria. However, inadequate pasteurization or post-pasteurization
contamination can lead to recontamination of milk if hygiene measures are not followed at
the farm, leading to incidences of food poisoning [25]. Outbreaks of foodborne illness have
been mainly linked to the consumption of raw milk or unpasteurised milk products, such as
raw milk cheeses, whose consumption is constantly increasing due to a growing demand for
natural and unprocessed foods [26, 27].
The number of outbreaks of fresh dairy poisoning due to contamination with
pathogens is less common, although some cases have been reported for yogurt and
fermented milk. In these products, the acidity of the matrix acts as a barrier in the growth of
pathogenic bacteria. However, milk must be pasteurized because some pathogens, such as
E. coli 0157: H7, can also grow in acidic environments [4].
Outbreaks caused by the consumption cheese made from unpasteurized milk are
often caused by: Salmonella (34%), Campylobacter (26%), Brucella (13%), Escherichia coli
(11%) and Shiga toxin Escherichia coli (11%) [28]. Listeria monocytogenes is inactivated by
pasteurization, however worldwide Listeria monocytogenes has been implicated in numerous
outbreaks caused by the consumption of contaminated milk and dairy products [29, 30]. In
2015, dairy products were identified as the main sources of listeriosis [31, 32]. Raw milk can
be contaminated with Listeria monocytogenes from unhygienic equipment during milking,
storage or transportation to processing enterprises where hygienic control measures are not
followed [33]. Due to its high mortality rate, listeriosis is, after salmonellosis, the second
most frequent cause of foodborne infection-related deaths in Europe [17, 29]. However,
outbreaks from Listeria monocytogenes are not common compared with those caused by
pathogens such as Salmonella [34, 35].
Staphylococcus aureus can multiply in milk, especially if its storage temperature is
higher than 10oC. Staphylococcus aureus can develop staphylococcal enterotoxins in milk,
which are responsible for staphylococcal food poisoning [36, 37]. This bacterium is
commonly found in a wide variety of mammals and birds and can be transferred to food
mainly by dairy animals that have mastitis and by human carriers during food processing
[38]. Staphylococcus aureus can have a broad occurrence in raw dairy products, with
frequencies between 5 and 100% in cheeses [24]. The number of Staphylococcus aureus in
raw milk or raw milk cheeses needs to be less than 104 cfu/g, according to national
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regulations [39]. Foods of high protein content such as milk and dairy products, meat, meat
products and bakery products favor the growth of bacteria, and these types of foods have
been frequently incriminated in outbreaks of Staphylococcus aureus [40].
Staphylococcus aureus is present in raw materials and food and can be inactivated
with heat treatment, but enterotoxins are heat-resistant. In the dairy industry, the following
milk pasteurisation regimes are used: 72°C for 15 seconds or 63°C for 30 minutes, to ensure
inactivation of bacteria and toxins [10].
Salmonella spp. is the most frequent cause of foodborne outbreaks, and human
salmonellosis is the second most frequently reported zoonosis in the European Union [41].
Milk is a food with a high chance of contamination by Salmonella spp. [42], mainly before
leaving the farm, usually due to fecal contamination during the milking process [22].
Additionally, Salmonella spp. can be transmitted to humans through the consumption of
contaminated dairy products [41], especially unpasteurized or insufficiently pasteurized
milk and cheese [22]. The main source of Shiga toxin-producing Escherichia coli are
ruminants, contaminating milk through subclinical mastitis or feces, and bacteria can
persist in milking equipment [17].
One of the most important tasks of the food industry in the field of food safety is to
eliminate or at least reduce contamination with foodborne pathogens [43].
Antimicrobial agents and the safety of dairy products
Food preservatives are food additives that extend the shelf life of food by protecting
against damage caused by microorganisms. Different types of preservatives include
antimicrobial agents, antifungals, synergistic antimicrobial agents, bacteriophage control
agents and fungistatic agents [44]. Currently, research focuses on the identification of
natural antimicrobial agents, especially from plants [45] such as fruits, vegetables, herbs
and spices [46, 47, 48, 49, 50], because they contain significant amounts of compounds with
antimicrobial activity.
As shown by in vitro experiments, plants produce secondary metabolites that have
high antimicrobial activity [46, 51]. Secondary antimicrobial metabolites of herbs are
generally classified into three major classes: phenolic compounds, terpenes and alkaloids
(Figure 1). Numerous studies have shown that the antimicrobial activity of herbs is
determined by the potential of secondary metabolites to:
−

promote cell wall disruption and lysis;
induce the production of reactive oxygen;
inhibit biofilm formation;
inhibit the construction of the cell wall;
inhibit microbial DNA replication;
inhibit energy synthesis;
inhibit bacterial toxins to the host [52, 53,54, 55, 56].

Additionally, these compounds can prevent antibacterial resistance, as well as
synergists to antibiotics, which can eventually destroy pathogenic microorganisms [51]. In
the Republic of Moldova there is a vast and historical experience in the aromatic and
medicinal plant industry. Being an agricultural country with favorable pedoclimatic
conditions, the Republic of Moldova has an enormous potential in the cultivation,
processing and marketing of aromatic and medicinal plants, which is currently not fully
explored [57].
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Figure 1. The chemical structure of antibacterial bioactive compounds in herbs [56].
Potential application of herbs in dairy products
Table 2 selects the articles referring to the antimicrobial activity of aromatic plants
applied in the production of dairy products.
Hanifah et al. (2016) added L. acidophilus and roselle extract in the manufacture of
goat milk based-yoghurt. These yoghurt was characterized by increased antimicrobial
activity and extensive selectivity for Gram positive and Gram negative bacteria (Bacillus
cereus, Escherichia coli, Staphylococcus aureus and Salmonella Typhi), which might be
attributed to the production of higher antimicrobial compounds, including antimicrobial
peptides and organic acid [58]. Also, Ghalem and Zouaoui (2013) supplemented yoghurt
with Rosmarinus officinalis oil at ratio of 0,14; 0,21; 0,29 and 0,36 g/L and kept it up to 21
days. Panelists gave the maximum score for taste, flavor, and texture, to the herbal yoghurt
supplemented with 0,14 g/L of essential oil. Addition of R. officinalis essential oil improved
the qualities of yoghurt by decreasing pH, lactose values and dry matter but raised the
titratable acidity, proteins, ash and fat contents [59].
El-Sayed et al. (2017) reported that the supplementation of Labneh with different
ratios (100, 150 and 200 mg/ml) of Moringa oleifera oil increased the total solid, fat, total
volatile fatty acid, DPPH scavenging activity, tocopherols and total lactic acid bacterial
counts content of labneh.
The M. oleifera oil displayed a great effect against Gram-positive, Gram-negative,
yeast and fungal strains with the increase of the ratios of M. oleifera oil [60].
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Table 2
Selected publications on the antimicrobial activity plantes in dairy products
Type of dairy
Type of herbs and spices
Microorganisme type
Reference
products
Yoghurt
Goat milk
Bacillus cereus, Escherichia
Roselle (Hibiscus sabdariffa L)
basedcoli, Staphylococcus aureus and
[58]
extract
yoghurt
Salmonella Typhi
Rosmarinus officinalis oil (0.14,
Yoghurt
[59]
0.21, 0.29, and 0.36 g/L)
M. oleifera oil displayed well
Moringa oleifera oil (100, 150
effect against Gram-positive,
Labneh
[60]
and 200 mg/ml)
Gram-negative, yeast and
fungal
Cheese
Satureja hortensis L. (dry plant
Fresh cow
(0.5...1.5%), alcoholic extract
Staphylococcus aureus, total
[61]
Cheese
and essential oil (0.1%, 0.25%,
number of germs
0.5%)
T. vulgaris L. and Origanum
Fresh sheep
vulgare L. essential oil (4 and 8
S. aureus
[62]
cheese
μL/mL)
Aspergillus flavus, Aspergillus
tamarii,
Fusarium
poae,
Ocimum gratissimum (200, 400,
Fusarium
verticillioides,
Wagashi
[63]
600, 800, 1000 mg/L)
Penicillium
citrinum
and
Penicillium griseofulvum
Staphylococcus
aureus,
Domiati
Nigella sativa oil (1% and 0.2% Salmonella
enteritidis,
[64]
cheese
(w/w))
Escherichia coli and Listeria
monocytogenes
Butter and ghee
Ghee
Dry clove and rosemary
[65]
Butter
Sage or rosemary (0,2%)
[66]
Ghee
manufactured
Arjuna alcoholic extract (7%)
[67]
by creamery
buffalo butter
Results of studies conducted by Erselia et al. 2018, have shown that the addition of
Satureja hortensis L. dry plant and essential oil led to a reduction in the total number of
germs, this reduction being more significant when the essential oil was used.
The antimicrobial effect of Satureja hortensis L. dry plant in various proportions (0,51,5%) and essential oil (0,1%; 0,25%; 0,5%), on fresh cow’s cheese, was assessed after 3 and
7 days [61].
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In a study by Amatiste et al. (2014), the antimicrobial activity of T. vulgaris L. and
Origanum vulgare L. essential oils against S. aureus in fresh sheep cheese was assessed. The
determined MIC and MBC of the essential oils were 4 and 8 μL/mL, respectively. In addition,
it was observed the aforementioned essential oils had no effect on S. aureus count in cheese
samples during 7 days of storage which was attributed to the interaction of active
components of essential oils with cheese matrix [62].
Effect of essential oil from Ocimum gratissimum (200, 400, 600, 800 or 1000 mg/L)
was assessed against six fungi including Aspergillus flavus, Aspergillus tamarii, Fusarium poae,
Fusarium verticillioides, Penicillium citrinum and Penicillium griseofulvum isolated from a
traditional cheese named wagashi. It was noted that mycelia growth was reduced by
increasing the essential oil level. A significant fungistatic activity against all the examined
species was observed with MIC values, ranging from 800 to 1000 mg/L [63]. Mahgoub et al.
(2013) studied the effect of adding 0,1% and 0,2% (w/w) of Nigella sativa oil to Domiati
cheese on the inhibition of foodborne pathogens (Staphylococcus aureus, Salmonella
enteritidis, Escherichia coli in addition to Listeria monocytogenes) inoculated in cheese during
storage. Addition of 0,2% oil showed the most effective antimicrobial potential on
pathogens and improved the physicochemical and sensory properties of the cheese [64].
Najgebauer et al. (2009) evaluated the storage stability of butter prepared from sour
cream with 2% addition of dried herbs (sage or rosemary). They concluded that the addition
of rosemary herb was more effective in delaying lipolysis in butter than sage, but both
supplemented products had increased oxidative stability through storage than the control.
TBA analyses test exposed that the sage and rosemary butters contained significantly
smaller concentrations of secondary oxidative products like malonoaldehyde and ketones
than the butter without herbs [66]. Parmar and Khamrui (2017) found that the ghee
manufactured by creamery buffalo butter supplemented with 7% arjuna alcoholic extract
had maximum phytosterol content with suitable sensorial characteristics [67].
Effect of herbs on the sensory properties of dairy products
Adding herbs as flavor to some varieties of cheese is already a common practice.
Therefore, the acceptance of cheese with essential oils and extracts can be facilitated if
consumers are already accustomed to this type of product. However, essential oils and
extracts from herbs often have a strong aroma even when used in low concentrations,
which can cause a negative sensory impact, with a possible rejection of the product, making
it a limiting factor in the use of herbs and their components. Acceptance of the product is
extremely important because only a high antimicrobial effect is not sufficient if the
consumer does not accept it from a sensory point of view. Among the plant extracts and
essential oils added to cheeses, oregano, black cumin, green pepper, rosemary, thyme and
lemon grass have led to good sensory acceptance [68, 69].
However, the concentration of these substances applied in cheeses should be
carefully considered, due to the possible negative impacts on sensory properties. To
minimize the possible negative effects of plants and their constituents in the aroma of
products, a combination of different extracts and volatile oils was investigated, which can
lead to a good antimicrobial effect at lower individual concentrations. These combined
compounds may, in some cases, have a higher antimicrobial activity than when added
separately, thus having a synergistic effect [51, 60, 61].
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The combined use of these natural compounds with emerging technologies such as
ultrasound, high pressure and electrical pulses may also allow the use of lower
concentrations of essential oils, as these technologies frequently affect the cell membrane,
thus facilitating penetration and antimicrobial activity.
Also, the application of essential oils together with other antimicrobial agents and
preservatives may be more effective in preventing microbial growth and increasing the
safety and quality of cheese [70].
Conclusions
Plant extracts and essential oils have been shown to be natural preservatives and
antioxidants with significant inhibitory activity against foodborn pathogens and spoilage
microorganisms, thus helping to extend the shelf life of the dairy product. The main
compounds of aromatic plants, including thymol, carvacrol, eugenol, carvona and
cinnamaldehyde are mainly responsible for achieving antimicrobial activity through various
mechanisms, such as increasing cell permeability and interfering with enzymes involved in
energy production that eventually lead to cell death.
However, given the losses during processing and their stability during storage,
several studies should be performed to determine the concentration of extracts and
essential oils added in dairy products, as well as the action of these plant antimicrobial
compounds on lactic acid bacteria.
In addition, there is a need to expand and deepen sensory studies related to the use
of essential oils and plant extracts in various dairy products, in order to better understand
the possible impacts on consumer acceptance.
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Abstract. The aim of the research is to develop new bakery products with increased
functional value by adding ingredients from the biomass of Spirulina platensis. High quality
wheat flour (P1), oatmeal (P2) and whole wheat flour (P3) sticks were formulated with the
addition of 3% S2 preparation based on spirulina, thus increasing the bioavailability of the
active components in microalgae. It was established that the addition of S2 preparation in
sticks results in an increase in the total polyphenol content by 41.67% in the P2 samples of
oatmeal sticks and by 56.17% in the P3 samples of whole wheat flour. The addition of S2
leads to a decrease in the content of reducing sugars by up to 2.56% in P1, by 2.50% in P2
and by 2.19% in P3 compared to the control. In sticks with the addition of S2, the fat
content of cyanobacterial origin increases by almost 3.2% in sample P1, by 4.4% in P2 and
by 6.0% in P3 compared to the control samples. The research results show that the use of
the preparation based on Spirulina platensis contributes to increasing the nutritional value
of flour products through the increased intake of amino acids, fatty acids of cyanobacterial
origin, minerals, vitamins and bioactive substances, which are missing in conventional
products, consumed daily. The S2 preparation based on microalgae, rich in pigments chlorophylls, carotenes and phycocyanins with beneficial properties for health, could be
used as a natural food dyes.
Keywords: antioxidants, microalgae biomass, pigments, bakery products, bioactive substances,
nutritional value, reducing sugars.
Introduction
The market’s tendency, nowadays, is to meet the requirements of the modern
consumer for functional foods and nutraceuticals, important for the proper functioning of
the body. Today, science emphasizes the relationship between human health and nutrition,
thus encouraging the creation of foods with certain properties and structures, made from
high quality raw materials, rich in antioxidants, vitamins, minerals, proteins, fibers, etc.,
naturally sourced and ecologically friendly [1]. Besides the traditional sources like fruits,
vegetables, berries and plants, highly nutritive sources of food are the algae.
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Microalgae biomass is considered a superior source of phytonutrients and
antioxidants, not only due to its much higher productivity, compared to the conventional
terrestrial sources, but also due to the cell’s content of substances, estimated as follows: 814 % pigments, 12-30 % carbohydrates, 4–20 % lipids, 40–70 % proteins and vitamins A, C,
B1, B2, B12, E, K, D [2, 3].
Many scientific studies have shown that the bioactive substances synthesized by
microalgae exhibit antioxidant properties, protect cells from the ultraviolet radiation,
reduce the oxidative stress in the body and modulate the immune system [4, 5].
In order to increase the nutritional and functional value of the conventional foods,
microalgae and phytonutrients from microalgae are used to fortify pasta, bakery products,
snack foods, confectionery, sweets, beverages, dairy, etc. [1 - 7]. Various additives are
obtained from microalgae, such as agar-agar, carrageenan with emulsifying and thickening
properties, used in producing dairy, ice-cream and confectionery products. Another food
additive obtained from microalgae is the alginate. It prevents delamination and it is used in
the manufacturing of sauces, mayonnaise, etc. On top of that, microalgae and preparations
derived from them can be used as natural dyes and vitamin precursors, harmless to the
human body and can replace noxious, chemically synthesized, food additives and dyes [1, 810].
Spirulina species are multicellular, filamentous cyanobacteria and have been widely
used as a nourishment source since the ancient times [11]. It is proven that spirulina
contains 6.7 times more protein than tofu, 1.8 times more calcium than milk, 51 times more
iron than spinach and 31 times more carotenoids than carrots [3 - 5]. It contains
approximately 2000 functional components such as vitamins, pigments, minerals, amino
acids, including essential amino acids and enzymes [5, 12].
Spirulina sp. is also used for its’ antioxidant, immunostimulatory and cholesterollowering properties, while the sulfur polysaccharides contained in its’ biomass have an
antiviral function [13, 14]. Spirulina biomass extract exhibits antimicrobial activity. There
are several benefits provided by the microalgae carotenoids to the animal organisms,
including the activity of provitamin A. The therapeutic value of carotenoids cannot be
ignored, as they are used in the prevention and treatment of chronic inflammatory diseases,
cancer, treatment of cardiovascular, renal, pulmonary, hepatic, intestinal diseases,
treatment of metabolic disorders and autoimmune diseases, etc. [13 - 15]. As for lutein and
zeaxanthin, microalgae carotenoids vital for the eyesight, they prevent the deterioration of
the retina and protect it against light and ultraviolet radiation [14, 16].
Many countries have safety standards for spirulina use. The food safety rules have
been developed in Japan and the United States. Studies initiated in 1980, by the United
Nations Industrial Development Organization (UNIDO), have proved the safety and the
benefits of spirulina as human food [17].
Bakery products with microalgae
Bakery products have an important role in the food preferences of the modern
consumer due to their taste, appearance, texture, ease of preparation and effect of satiety.
Nevertheless, the content of proteins, vitamins, minerals, dietary fibers in bakery products is
insignificant. Therefore, bakery products can serve as a support (matrix) for vital nutrients.
The use of microalgae in bakery can provide with nutrients with a modified color and
functional characteristics, such as an antioxidant activity [18].
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Research conducted in the field of bakery products, fortified with macro and
microelements from algae, has shown that the addition of 1 % of Laminaria in biscuits
increases their nutritional value, enriching them with the vitamins of group B [19]. Brown
algae (Fucus), some of the richest sources of iodine [20], were powdered and added to high
quality flour cakes, in a ratio of 3.7 and 12 % of the flour mass [21, 22].
Salehifar et al. [23] investigated the impact of spirulina (0.5, 1.0 and 1.5 %), used in
the production of the traditional Iranian biscuits, on the nutritional properties, color and
texture. Another study shows that adding Spirulina sp. and Chlorella sp. to noodles, results in
good nutritional, organoleptic (color, smell, taste) and structural properties [24].
As per bibliographic data [25], technologies of manufacturing frozen dough, with the
addition of spirulina, have been developed. It turned out that adding spirulina to the frozen
dough, increases the intake of dietary fibers, amino acids and Ca, Mg, Fe, Zn, Cu, Se, etc.,
minerals, and enhances the rheological properties of the dough.
Considering all the above, researching the opportunity of using the microalgae
biomass as a source of phytonutrients and natural food dyes and developing new functional
products, has become the new goal of the modern food industry [26].
Research methods and materials
The main ingredients for the sticks’ production were the flours from the cereal group:
high quality wheat flour „Băneasa”, Romania, oat flour from finely ground flakes
„Haferflocken OATS”, Germany, whole wheat flour „Beatrice-Com” [27] and the Spirulina pl.
(Arthrospira platensis) based S2 preparation. The manufacturing recipes include other
ingredients as well: caster sugar [28], table salt, vegetable oil [29], baking powder [30] and
whole milk (1.5 % fat) [31].
The S2 preparation was elaborated by the „Ficobiotehnologie” laboratory of the
Institute of Microbiology and Biotechnology of Moldavian Academy of Science and consists
of biomass extracts of cyanobacteria of Spirulina platensis CNM-CB-02. The cyanobacteria
were inoculated in nutritious environments with a selected composition, which stimulates
the production of pigments, free amino acids and oligopeptides [32]. The biomass was
further separated from the cultural liquid, demineralized, frozen and thawed; then the
biomass was subjected to extraction with harmless solvents (aqueous ethylic alcohol 30-85
%). The alcoholic extracts, with a content of lipophilic and hydrophilic biocomponents,
were separated, purified and dried, as per the elaborated method [33, 34].
Determination of the pigment content in S2
The content of porphyrin pigments in the spirulina based S2 preparation was
determined through the Spectrophotometric method (DR5000), according to the method
described in bibliography [35]. For this, 0.2 g of S2 was dissolved in 10 mL of methyl
alcohol, then centrifuged for 10 minutes at 2500 rot·min-1. The procedure was repeated
twice. The supernatants were recovered, transferred to volumetric flasks and the volumes
were adjusted with solvent. Samples were obtained in three repetitions. The total
chlorophyll concentration was estimated by the spectrophotometric method. The
calibration curve was developed based on chlorophyllin solution in methanol in the
concentration range of 5 - 100 μg·mL-1.
Extract samples were analyzed after appropriate dilution. The absorbents were
recorded at a length of λ=650 nm.
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Determination of quality and technological properties of the flours
To determine the quality and the technological properties of the protein and
aproteic flours, sensory analysis methods and physicochemical methods were used [36]: the
total compliant ash content, moisture, titratable acidity, the Hagberg falling number. Flour
quality indicators and technological properties were tested: the organoleptic characteristics,
granularity of the flour (particle size – with the Motic DM Digital microscope, with the 40X
image enlargement option (S)). The functional properties were determined as well: the
quantity of the gluten and the hydration capacity, according to standard international
methods [36].
Preparation of sticks
The preparation technique of the dough for the sticks implies the direct work
process, as per the classical method [37]. Known methods were used to determine the
physicochemical indicators of the dough – alkalinity, moisture, the influence of the
hydrocolloids on the physicochemical and rheological parameters of the dough [36].
Determination of the quality of the experimental stick samples
To determine the quality of the experimental samples, the following sensory and
physicochemical methods were used [38, 39]. Moisture content, alkalinity, the fat content
by refractometric method, reducing sugars concentration by G. Bertrand method, soaking
index (wettability), total ash, including the insoluble in HCL solution (10 %), were
determined following standard methods SR 91:2007 [40] and [41].
Determination of total content of polyphenols (TCP) in sticks
A total phenolic content assessment was carried out according to [42], with minor
modifications, using the Folin Ciocalteu assessment. Samples of 0.3 g of ground sticks were
dissolved in 15 mL of methanol: deionized water (6:4, v/v) and sonicated (ISOLAB
Laborgeräte GmbH) for 30 min at maximum power (frequency 20 kHz and power 130 W) and
a temperature below 30 0C. The extracts were centrifugated (10 min, 2500 rot·min-1) and the
supernatants were collected. The experiments were conducted in 3 repetitions. An aliquot
(0,1 mL) of the aqueous methanolic phase was diluted with water to a total volume of 6.5
mL, followed by the addition of 0.5 mL of the Folin-Ciocalteu reagent. After 8 min of
incubation at room temperature, 3 mL of sodium carbonate solution (10 %) was added to
the reaction mixture. The mixture was incubated in a water bath at 40 °C. After 30 min, the
soaking index of the preparation was measured with a DR5000 spectrophotometer at a
wave length of 765 nm.
Results were expressed in gallic acid equivalents (mg GAE·g-1) through a calibration
curve (gallic acid: 0 to 1000 mg /L, R2 =0.9997).
Statistical analysis of the experimental data was performed [43] through variance
analysis (one way ANOVA), by comparison at a significance level of 95 % (p ≤ 0.05). All tests
were performed in triplicate and all results have been presented as average ± standard
deviation. All calculations were made using IBM SPSS Statistics 23 and Microsoft Excel
2010.
Results and discussion
The S2 preparation, elaborated by the „Ficobiotehnologie” laboratory of the Institute
of Microbiology and Biotechnology of Moldavian Academy of Scienses, consists of biomass
extracts of cyanobacteria of Spirulina platensis. According to the results of several years of
studies, conducted at the „Ficobiotehnologie” laboratory of IMB of ASM, under the
supervision of the academician Rudic Valeriu, the biomass obtained from cyanobacteria,
Journal of Engineering Science

June, 2021, Vol. XXVIII (2)

Pastries with functional spirulina platensis ingredients

165

grown in nutritious environments with a selected composition, has a rich content of
phytonutrients and biologically active substances (Table 1) [2].
Table 1
Biochemical composition of Spirulina platensis biomass (from dry mass) [2].
Components
%
Components
Proteins
61 - 68
Ascorbic acid
>1.17 mg ·g-1
Free amino acids
4-6
α-tocopherol
>0.1 mg·g-1
Lipids,
5 - 61
Cyanocobalamin
>0.017 µg·g-1
Gamma-linolenic acid
1 - 1.4
Carbohydrates
10 - 17
Zn
0.2-0.4%
Chlorophylls
1-2
Fe
1.0-1.15%
Carotenes
1.2 - 4
I2
<0.2%
0.2 - 0.4
β-carotene
Phycobiliproteins
12 - 14
Other minerals
C-Phycocyanin
1.25 - 9
Na, K, Mg, Ca, P, Cu, Cr, B
allophycocyanin
1.2 - 6
The S2 preparation was obtained from the spirulina biomass (separated from the
cultural liquid, demineralized, frozen and thawed) with aqueous ethylic alcohol.
The alcoholic extracts, with a content of lipophilic and hydrophilic biocomponents,
were separated, purified and dried [2, 33]. S2 is an intense green powder with a pleasant
smell. The preparation has a moisture value of 6.89 ± 0.24 % and a content of ash of 6.08 ±
0.2 %. The content of chlorophylls in the S2 preparation, obtained from Spirulina pl.
biomass, was determined as per the procedure described in bibliography [35].
Spectrophotometric analysis and calibration curve measurements for chlorophyllin show
that S2 contains 6.41 ± 0.3 mg·g-1 porphyrin pigments.
Three types of flour were used to make the sticks: high quality wheat flour „Băneasa”
(Romania), oat flour from finely ground flakes „Haferflocken OATS” (Germania), whole wheat
flour „Beatrice-Com” (Moldova) and the S2 spirulina-based preparation. The sensory analysis
established that the flour used to obtain the stick samples comply with quality
requirements [27]. Following the physicochemical determinations, it was established that
the registered parameters for the used flours fall within the permissible limits, Table 2.
Table 2
The experimental results regarding the psychochemical analysis of the used flours

Raw
material or
auxiliary
High quality
wheat flour
Oat flour
Whole
wheat flour

Moisture,
%

Acidity,
degrees
of acidity

Ash content,
%

Falling
number,
s

Gluten
content,
%

Content of
ferromagn
etic
impurities,
mg·kg-1

14.5 ± 0.3

2.2 ± 0.3

0.45 ± 0.1

300 ± 10.0

24.4± 0.3

Not found

9.6 ± 0.3

5.0 ± 0.3

1.03 ± 0.1

250 ± 10.0 Not contain

Not found

10.3 ± 0.3

4.0 ± 0.3

1.29 ± 0.1

250 ± 10.0 15.2% ± 0.3

Not found

Note: Results are expressed as average ± standard deviation (n = 3). Comparison at a
significance level of 95 % (p ≤ 0.05).
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Following the determination of the acidity of the raw materials used, it was found
that these values correspond to the types of the flour analyzed (Table 2).
The crude ash contains mineral substances obtained as a result of the complete
combustion of the organic substances. This index should not exceed 0.55 % for the high
quality wheat flour, 2.1 % for the oat flour and 2.0 % for the whole wheat flour [27].
The gluten content determined in high quality wheat flour is 24.4 % ± 0.3, in whole
wheat flour - 15.2 % ± 0.3 and oatmeal does not contain gluten (Table 2).
Following the determination of the falling number of the analyzed materials, the
obtained values correspond to the types of flour analyzed. The obtained values fall within
the established limits; the falling number for the high quality wheat flour being of 300 s,
and of 250 s for both the oat and the whole wheat flour [36].
The granularity of the flours has an impact on the following: hydration capacity, the
rheological properties of the dough, the activity of the amylolytic enzymes and the quality
of the finished product. According to the microscope images (Figure 1), the whole wheat
flour has the largest particles, of 250 μm. The high quality wheat flour has particles of 55
μm [27, 44].

a)
b)
c)
Figure 1. Particle size of the materials used: a) High quality wheat flour; b) Oat flour;
c) Whole wheat flour.
The oat flour has the smallest particles, of 50 μm. It also has the most uneven
particles, as the flour was obtained from oat flakes ground in a grinder [27].
The hydrating capacity of highquality wheat flour is maximum, 63.0 % ± 0.3, due to
the high content of protein substances [36]. Oat flour has a hydrating capacity of 57.0 % ±
0.2 and whole wheat flour – 54.0 % ± 0.2. The dough preparation technique involves the
direct process, where all the ingredients are kneaded for 10-15 minutes. The obtained 3
types of products have a different consistency of the dough, depending on the flour used.
Due to the high content of gluten, the dough made from high quality wheat flour has soft
consistency and sufficient elasticity. The dough obtained from oat flour and whole wheat
flour has a low gluten content, thus is firmer, more crumbly and less elastic.
In order to evaluate the quality of the semi-finished products, their main
characteristics were determined: the influence of hydrocolloids on the physicochemical and
rheological parameters of the dough, the moisture of the dough. The baking powder
increased the degree of alkalinity. The dough from oat flour with addition of S2 has the
higher alkalinity degree (2.3 ± 0.1 %) due to the particularities of this type of flour; followed
by the dough from whole wheat flour fortified with S2 (2.2 ± 0.2 %) and the dough form
high quality wheat flour, with the lowest alkalinity (1.5 ± 0.2 %).
The hydration capacity of the flours is important for the dough structure; the finer
the flour granules, the higher the water absorbtion. The moisture of the semi-finished
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products was determined to be in the range of 29.9 - 35.2 %. Due to the falling number and
the flour granularity, the dough from oat flour with the addition of S2 has the smallest
moisture value (29.9 ± 0.2 %), followed by the dough from whole wheat flour with the
addition of S2 (31.1 ± 0.1 %). The highest value belongs to the dough from high quality
wheat flour with S2 (35.2 ± 0.1 %); it also has an increased protein content.
Testing the nutritional and functional character of the finished flour products – sticks
with addition of S2
The assessment of the moisture of the finished products resulted in values that do
not exceed the established norms, which is due to the same consecutiveness in the flours
used [40, 45].
After the incorporation of the S2 preparation in the recipes, a non-essential increase
of the moisture values was detected in all of the samples, if compared to the control
samples (Table 3), as follows: with 0.29 % in P1, with 1.6 % in P2 and with 1.4 % in P3.
Due to the modification of the sticks’ recipe by adding the baking powder as a
loosening agent for the dough, the finished products have an alkaline environment. The
alkalinity values of the finished products do not exceed the established norms (Table 3).
These values are lower compared to the semi-finished products due to the baking process,
where biochemical and microbiological processes reduce the alkalinity [46].
The fat content was determined accordingly [41]. The obtained data show that P2
has the highest fat value (due to the chemical composition of the oat flour [27]) and
contains approximately 8.54 % lipids. The second in line is the product P1, which contains
about 6.70 % lipids. P3 has the lowest value, with a lipid content of about 5.50 %. As it can
be noticed, the incorporation of S2 in the recipes led to an essential increase in the fat
content in all of the samples, compared to the control samples, as follows: an increase of
3.20 % in P1 compared to PM 1, an increase of 4.43 % in P2, and a 6.0 % increase in P3
compared to PM3 (Table 3).
Table 3
The experimental results regarding the analysis of the physicochemical factors of
the finished products.
Obtained products
Physicochemical
indices

Moisture, %
Alkalinity,
degrees
Ash, %

Sticks from
Sticks from wheat flour
with
wheat flour
spirulina
(PM1)
(P1)
6.78 ± 0.3

6.80 ± 0.1

Sticks
from oat
flour
(PM2)

Sticks
from oat
flour with
spirulina
(P2)

Sticks
from
whole
wheat
flour
(PM3)

Sticks from
whole
wheat
flour with
spirulina
(P3)

6.10 ± 0.1

6.20 ± 0.2

6.41 ± 0.1

6.50 ± 0.3

1.0 ± 0.1
0.07 ± 0.3
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Continuation Table 3
Fat, %
Reducing
sugars, %
Soaking
index, %

6.49 ± 0.24

6.70 ± 1.3

8.19 ± 0.4

8.54 ± 1.1

5.19 ±0.14

5.50 ± 1.0

2.35 ± 0.8

2.29 ± 0.9

1.64 ± 0.9

1.60 ± 0.9

1.38 ± 0.9

1.35 ± 0.9

135 ± 5.0

140 ± 5.0

125 ± 5.0

130 ± 5.0

135 ± 5.0

135 ± 5.0

Note: Results are expressed as average ± standard deviation (n = 3). Comparison at a
significance level of 95 % (p ≤ 0.05).
According to the bibliographical data, spirulina is rich in lipids made of essential
polyunsaturated acids, including the gamma-linolenic acid [5]; with the addition of S2, part
of the lipids contained in spirulina is incorporated in the sticks, thus increasing their
nutritional value.
The reducing sugars’ content was determined accordingly [40, 41]. The sticks from
high quality wheat flour with addition of S2 (Table 3) have the highest value; this is due to
the chemical composition of the flour [46]. The sticks made of oat flour, P2, have the
second highest value of 1.60 %; while the whole wheat sticks, P3, have a value of 1.35 %.
Comparative analysis of the results against the control samples shows a decrease in the
content of reducing sugars in sticks with addition of S2, as follows: by 2.56 % in P1, by 2.50
% in P2 and by 2.19 % in P3. Hence, by adding S2 to the sticks, the content of the reducing
sugars was diminished while the intake of functional ingredients was increased.
The variation of the ash content in the analyzed samples is obvious, the values
varying from sample to sample. With the incorporation of S2, the ash content values rise in
all of the samples, P3 (whole wheat flour) having the highest value. The increase of the ash
content in all the stick samples, to which S2 was added, is explained by the addition of
minerals and fibers to the final products (Table 3).
The highest soaking index was identified in the high quality wheat sticks with
addition of S2 (P1), which is because of the moisture in the finished products. The addition
of the spirulina based S2 preparation increases the hydration capacity of the products,
except P3, compared to the control samples, as follows: a 3.7 % in P1 compared to the
control sample PM 1 and a 4.0 % increase in P2 (Table 3).
The analysis of the antioxidants concentrations in all of the stick samples, using the
spectrophotometric Folin-Ciocalteu method, expressed in gallic acid equivalents (mg GAE·g1
), through a calibration curve [42], shows a significant increase in the total content of
polyphenols (TPC) in the sticks to which S2 was added (Figure 2).
The registered results show that in the samples of the high quality wheat flours, PM1
and P1, the content of antioxidants is lower.
The content of antioxidants is higher in the oat flour and whole wheat sticks, both in
the control samples and the samples with addition of S2. The addition of 3 % of S2 to the
recipes resulted in an increase of the total content of polyphenols; with 41.67 % in P2
samples of oat flour sticks, with 56.17 % in P3 samples of whole wheat flour sticks and with
15.21 % in P1 (Figure 2).
The sensory evaluation was also performed by assessing the organoleptic and
sensory qualities of the finished products (Figure 3a) based on the scoring scale [38].
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The total content of polyphenols , mg/g

1.2
Blank
Blank + 3% S2

1
0.8
0.6
0.4
0.2
0

Sticks from wheat flour

Sticks from oat flour

Sticks from whole wheat
flour

Figure 2. The variation of the total content of polyphenols in sticks.
Note: Results are expressed as average ± standard deviation (n = 3). Comparison at a
significance level of 95 % (p < 0.05).
According to the normative requirements [37, 45], the sticks must correspond to the
indices specified in Table 4.
Table 4
The sensorial characteristics of sticks [38, 39].
Exterior
Description
appearance:
Shape
A shape of sticks
Specific to the product; no impurities; with a smooth surface or a
Surface
lumpy and wavy surface
From light yellow to dark brown or dark greenish brown, according
Color
to the recipe used
Sliced
Loosen, well baked, with no traces of unkneaded flour
Taste and flavor
Pleasant, specific to the product, no foreign taste and smell
Tender, slightly crumbly. The sticks with addition of S2 are slightly
Tenderness
harder.
The experimental samples were analyzed sensorially by 5 evaluators, using a 0-5point rating system. Each evaluator had his own sensory assessment sheet. A score value
from 0 to 5 was given for each sensorial characteristic. The average scores were computed
based on the results (Figure 3b).
Considering the data exhibited in Figure 3b, we can affirm that the sample from high
quality wheat flour with the addition of S2 had the highest scores in terms of shape,
surface, color, tenderness and taste, while the sticks from oat flour were favored in terms of
smell and taste. The sticks from whole wheat flour with addition of S2 had the lowest
scores as some of the evaluators were repelled by the persistent taste of bran.
Notwithstanding, the 3 products obtained a high average score, with the evaluators being
interested in including the sticks in their daily diet.
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a)
b)
Figure 3. a) Assortment of elaborated sticks; b) Profile diagram of samples with S2:
c1 - Sticks from wheat flour with spirulina; c2 - Sticks from oat flour with spirulina;
c3 - Sticks from whole wheat flour with spirulina.
Conclusion
For manufacturing reasons are being proposed 3 types of bread sticks, with the
addition of 3 % of Spirulina platensis based S2 preparation: from high quality wheat flour
(P1), from oat flour (P2) and from whole wheat flour (P3). The assessment of the qualities
and technological properties of the flours and semi-finished products resulted in registered
parameters within the permissible limits.
After testing the nutritional and functional character of the finished products, it was
found out that the incorporation of the 3 % S2 preparation in the sticks leads to a growth in
the total content of polyphenols, namely with 41.67 % in P2 samples of oat flour sticks and
with 56.17 % in P3 samples of whole wheat flour. The addition of S2 leads also to a
decrease in the content of reducing sugars; by l2.56 % in P1, by 2.50 % in P2 and by 2.19 %
in P3, compared with the control samples.
The fat content of cyanobacterial origin increases in the sticks with addition of S2,
with almost 3.2 % in sample P1, with 4.4 % in P2 and with 6.0 % in P3, compared with the
control samples.
Research shows that the S2 obtained from microalgae biomass can be applied as
natural food dyes due to the elevated content of pigments: chlorophylls, carotenes and
phycocyanin, all with health benefits.
The sensorial assessment of the finished products was conducted on a 0-5-point
rating system. The finished products with addition of S2 obtained a score of 4.4 points from
a total of 5.
Research studies show that the application of the Spirulina pl. based preparation
enhances the nutritional value of the bakery products by contributing with amino acids,
polyunsaturated fat acids, minerals, vitamins and bioactive substances, which the
conventional products consumed on a daily basis lack. Moreover, this research proposes the
production technology together with the establishment of the technological parameters
and quality indices of the finished goods – Sticks fortified with Spirulina platensis
ingredients.
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Abstract. The article examines the geographical area delimited for the production of the
Divine and the specific characteristics and physical-geographical conditions of the Călărași
vineyard through the prism of different methods of distillation and production of wine
distillates. Technological regimes for distilling wine raw materials and organoleptic and
physico-chemical indices such as: alcohol content, optical density, pH, aldehyde content,
higher alcohol content and volatile acid content are scientifically argued. The quality
indicators were determined for both wines and distillates obtained at the 'Charente' batch
plant and the 'VAND-M-0' plant. The impact of the distillation method on the quality and
production process of the wine distillate is evaluated.
Keywords: aroma compounds, distillation methods, grape varieties, physico-chemical indices
wine distillates.
1. Introduction
Technological distillation is a process by which a low proof alcoholic beverage is heated in
a controlled process in order to separate ethanol from water and other components, with
the ultimate goal of concentrating the ethanol into a high proof spirit [1].
The raw material used in the production of the distillate is the technological wine
produced through a special technological scheme and the observance of some
technological requirements included in the national document SM: 186-2014 [2]. The
general process by which brandy is obtained from grapes includes the main processes such
as: grape → fermentation directly → submerged fermentation with pure culture of yeast →
liquid-state distillation → aging in oak barrels.
Technological, after completion of the alcoholic fermentation of the must, the wine
then is placed into a still where a heat source is applied. There are two types of stills:
column stills (image a) and pot stills (image b) in figure 1 [3]. Each uniquely separates
ethanol from other organic compounds of wine. The separation of ethanol occurs because
ethanol boils at a lower temperature than water. When heat is applied to the wine, ethanol
boils before the water in solution. The ethanol vaporizes, rising to the top of the still, where
it collects and then is sent to a condenser where it is quickly cooled. The water and other
organic compounds are later removed from the heated unit of the still [4].
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a)
b)
Figure 1. Appearance of winemaking distillation equipment.
Generally, aged spirits (like whisky, tequila and rum) and crafted spirits are made in pot
stills since the pot stills also help add desired congeners to the spirit responsible for
aromas and flavours in the spirit. Column stills are used to derive white or neutral spirits
like vodka, gin and white rum.
Nationally, the geographical area delimited for the production of the Divine (Cognac
alcoholic beverage called internationally) is situated in the continental area, which starts in
the north between the Carpathian vineyards, extending to the Center – Codru region and
continuing to the South – Bugeac steppes, including the vineyards from Călărași according
to [5]. The quality, reputation and specific organoleptic characteristics of the Divine owe to
the geographical environment, with its natural factors specific for the delimited
geographical area, which extends over the geographical territory of the Republic of
Moldova. One of the most essential factor that contributes to the ulterior production is
climate of the delimited area, which ensures with the necessary conditions for ripening
grapes with sunstroke of 2100 ÷ 2200 hours during the year, average annual temperature
being of 10 ÷ 12°C and the sum of active temperatures being of 2900 ÷ 3100 °C. Due to
different seasons, there can be noticed that the average value of the temperature in January
is between -3.5 ÷ -4 °C and in July it is 20 ÷ 21 °C depending on continental climate. The
climate of the Republic of Moldova is also influenced and sometimes even changed by the
Carpathian Mountains (which protects from the northwestern winter winds) and the Black
Sea (which buffers the summer heat in the South of the area). The presence of aquatic
sources - the Dniester and Prut rivers and a large number of streams and brooks with ponds
and the presence of spontaneous vegetation (essentially forests and tree strips), but also
the balanced and developed relief, ensure a buffer of the extremes and respectively has a
major impact on the quality and health of grapes. At last, but not least, a high diversity of
soils such as gray, brown, black earth soils, typical, ordinary, tin, have a massive influence
on the quality of the subsequent production and based on the geographical area, soils can
be divided into two parts, first one- as soils with a great aeration and light, specific more for
North and Center regions, and soils that are heavier and richer, especially for East and
South regions [5].
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So, the quality of grapes, raw materials wines, distillates for the divine and the
Divine is guaranteed not only by the specific and largely unchanged conditions of the
delimited area, but also by the human factor, which combines the techniques and
equipment used during the manufacture of products. Moreover, a skilled labor, born
through tradition and common learning over the decades based on a concept of standard
and level of quality, is also welcome. [6].
This research set out to evaluate the distribution of volatile compounds responsible
for aroma and taste in Aligote, Riton, Bianca, Alb de Suruceni, Riesling de Rhin and Sauvignon
Blanc grapes distillates obtained by two types of distillation equipment (Charente and VAND
types). It was also tested the impact of distillation method and final alcohol concentrations
in experimental samples on the presence of undesirable compounds, such as methanol,
furfural and sulfur dioxide. Assessment was focused on finding the alcohol concentration in
the main fractions that had good organoleptic characteristics and the lowest possible
content of compounds harmful for human health.
2. Methodology
For the presented research there were used Aligote, Riton, Bianaca, Alb de Suruceni,
Riesling de Rhin, and Sauvignon Blanc grape varieties grown in the Călărași vineyards from
the Republic of Moldova to obtaining experimental wine distillates used destined for
obtaining the Divin beverage. The raw material wines were obtained from the harvested
grape varieties and they were subjected to all the examinations necessary for the
determination of the physico-chemical and organoleptic indices included in the national
document SM: 312-2014 [5 - 6].
Quality indicators and general ampelographic description of the grapes used include:
Aligoté is a grape variety used to make the wine assortment of the same name and is also
used in the manufacture of wines as a raw material for distillates. The grapes are small or
medium, cylindrical or cylindrical-conical, winged or slightly widened at the base. Grains:
medium, sometimes deformed, light green spherical, slightly yellowish with copper shades.
It is used in the production of wines raw material for distillation, quality white wines, raw
wines for sparkling wines and others.
Riton is a technical variety, which has a period of late ripening (mid-September,
September), with high growth force, wood maturation is good. The grape is of medium or
large size, it can be conical or cylindrical-conical, compact medium, often with wings. The
bean is medium, round, the skin yellow-green on the sunny side - a faint tan. The flesh is
juicy, the aroma is neutral, and it has a pleasant and harmonious taste. The wine is a
golden-yellow color with a greenish tinge with specific characteristics of aroma, pleasant
bouquet. It is used for the production of wines raw material for distillation to obtain the
divine.
Bianca is to a technical variety that has an early ripening period (early September). The
storage power of sugar is high, medium to high growth force. Grapes are small, cylindrical
or cylindrical-conical forms. The berries are small, round or slightly oval, with a yellowgreen hue, which can stay on the bushes for a long time, withering without altering,
reducing the acidity. The berries weigh in medium 1.5 gr., which can be rounded or oval,
yellow-green, juicy pulp, the skin is thin. Bianca is resistant to frost and mold, can be used
for the production of wines as a raw material for distillation for the divine.
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Alb de Suruceni is a universal variety (both table and technical), white in color with a late
ripening period. The variety can accumulate sugar very well; it represents high resistance to
transportation. The growth of the logs is medium to high; the maturation of the wood is
good. Characteristics of grapes include: grapes can be of medium and large size, as well as
cylindrical-conical. Grains are large, round, greenish-yellow, tanned in the sun. The pulp has
a harmonious taste and is juicy. The wines obtained have the color of straw, light straw with
neutral, specific aromas, slightly acidified. They are intended - for the production of wines
raw material for distillation, for the production of brandy, but can also be consumed fresh.
Riesling de Rhine (white) has a medium to long vegetation period. High growth vigor, with
a good maturation of the wood. The tip of the shoot is fluffy white, may be greenish, with a
slight pink tinge. The grapes are small and medium in size; they can be winged, reminiscent
of the juice and peach, more often cylindrical, thick with a short tail. Their average weight
is included of 100 and 150 gr. Characteristics of the grains: they are small, round, with a
coloration that beats yellowish-golden green on the sunny side with small brown dots, with
a thin and very durable pellet. The pulp is juicy, with a pleasant, specific and harmonious
taste. The wines produced from these varieties are full, harmonious, firm, with a balanced
taste, with a bouquet that evolves well through aging in glass. They are intended for the
production of wines raw material for distillation, high quality dry white wines and also
sparkling wines.
Sauvignon Blanc (white) has a medium ripening period; medium vigor to the maturation of
the wood is good with the growing tip of the shoot with a scaly rosette that has a greenyellow color with reddish hues on the edge. Characteristics of the grains: they are small in
size, can be rounded, with a yellowish-golden green coloration on the assorted side with
small brown dots and a thin, durable pellet. The pulp is juicy with a very pleasant, specific
and harmonious taste. The wine obtained shows remarkable quality, fine, with a
characteristic aroma of the variety, especially the aroma of currant; some can distinguish
the aroma of juice and peach, which evolves into a valuable bouquet through aging. It is a
wine with a lot of life, pleasant, slightly acidic and aromatic. These variety show good
qualities acquired in the area and conditions of the company "Călărași Divin". It is used in
the production of wines raw material for distillation for divine, brandy, quality wines,
sparkling and sparkling.
The quality of the must and the raw material wines intended for distillation largely
depends on the quality of the grapes that are used during the process of production. The
factors that influence the quality of the grapes are: the geographic area, the soil, the
climatic conditions, the quality of the raw material, which can vary from year to year, from
one vineyard to another. During ripening, grapes can accumulate not only sugars, but also
other substances, which participate in the production and formation of divinities.
Therefore, the climatic conditions are characterized by average temperatures in the
warmest month of about 20÷22 °C and the amount of precipitation is about 800 mm/years.
On the other side, the best soils for cultivating grape varieties for the divine are limestone
with a free subsoil layer. Soils of this type regulate moisture well, absorbing water during
rainfall and conserving it in dry periods. Furthermore, in order to determine the physicochemical indices and the organoleptic properties of the obtained wines, analysis methods
were used according to the standards in force, as well as those recommended by the OIVV
reglementation.
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Distillation was performed on discontinuous installation (Charente type) and on
continuous-run VAND-M-01 installations and the characteristics are included in table 1
according to [7].

a) Aligote

b) Riton

c) Bianca

d) Alb de Suruceni
e) Riesling de Rhin
f) Sauvignon Blanc
Figure 2. Characteristics of experimental grape varieties.
Table 1
Method

Double
distillation
method with
stills of
Charente type

Distillation methods studied
Description of the method
Represent a pot still, also called alembic still. It is typically made from
copper. Copper was used traditionally because it is a good conductor of
heat and it extracts sulphur from the distillate. The bottom part is called
kettle where the ferment is heated. The ferment is evaporated and the
vapors travel through the swan-shaped neck and it reaches the worm, a
spiral-shaped copper tube attached to the condenser where the vapour
is condensed to a liquid. Distillation takes place in two stages. In the
first stage, the simple distillation is done, when the total alcohol
content is extracted from the wine, and in the second stage, the
fractional distillation, when it has their separation of “heads”, “hearts”
and “tails” fractions. At the company "Călărași Divin" the Charente type
equipment of a capacity 400 liters, double distillation is usually
performed. Compared to other methods that provide (thermal agents or
direct fire), after which we obtain unsatisfactory results, distillation
performed in copper boilers, is the most efficient.
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Continuation Table 1
The continuous distillation system uses the principle that the
distillation plant must be supplied with raw material continuously, but
also takes into account the uninterrupted separation of different
fractions coming from more or less slightly volatile. Column stills are
made from stainless steel and comprises a tall column structure
attached above the top of the boiling kettle designed to attain purer
vapours. It is divided into chambers using perforated plates. The still is
constantly heated at the bottom, so when the ferment is poured from
the cooler top part and when it hits the steam, it vaporizes and sends
the alcohol back to the top. When the alcohol carrying vapour passes
through the perforated plates, it condenses the heavier particles and
only alcohol carrying vapours continues to the top, travels through the
pipes attached to the condensers where the vapours are condensed to
the desired liquid. Installations with continuous operation, such as Vand
- M-01 ensure the obtaining of the middle distillate directly from the
wine, avoiding the stages of formation of intermediate products.

Sensory assessment of the wine distillates was performed using the ONV model of positive
ranking and all the samples were diluted before sensory analysis to 40 % vol. All
experimental samples were prepared and analyzed in triplicate. Results obtained were
expressed as average ± SD.
3. Results and discussion
In order to determine the time of harvest, it is necessary to monitoring the progress
of grape ripening by quantitatively modifying the sugars and acids in the average sample.
Tables 2 and 3 show the main indications of must and raw material wines for distillation.
Table 2
Main physico-chemical indices of the analyzed grape varieties
Permissible norm
Mass
Mass
of mass
concentration of
concentration
Permissible
concentration of
titratable acidity,
Ampelographic
of sugars
sugar
titratable
expressed in
variety
expressed in
standard,
acidity,expressed
tartaric acid,
reducing sugar,
g/dm3
in tartaric acid
g/dm3
g/dm3
g/dm3
Aligote
188 ± 2
7.2 ± 0.55
Sauvignon
196 ± 4
7.4 ± 0.55
Bianca
197 ± 6
7.3 ± 0.78
170 ÷ 190
4÷8
Riesling
191 ± 3
6.9 ± 0.55
Riton
189 ± 5
7.0 ± 0.68
The characteristics of the raw material wines intended for distillation are determined
by a specific aroma, acidity, alcohol, tannins and other factors that must be taken into
account in the manufacture of the divine.
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Table 3
Physico-chemical indices of raw material wines intended for distillation
Mass
Mass
Mass
concentration
concentration
Type of
concentration of
Alcohol
s1/4 of titrable
of volatile
wine
sugars
content, *
acides,
acids,
pH***
raw
expressed in
% vol.
expressed in
expressed in
material
reducing sugar,**
tartaric acid **** acetic acid,*****
g/dm3
g/dm3
g/dm3
Aligote
11.36 ± 0.42
Max4
3.3 ± 0.3 7.11 ± 0.82
0.40 ± 0.17
Sauvignon 11.70 ± 0.25
Max 4
3.2 ± 0.3 7.20 ± 0.55
0.50 ± 0.13
Bianca
10.80 ± 0.25
Max4
3.3 ± 0.2 7.03 ± 0.80
0.53 ± 0.15
Riesling
10.90 ± 0.25
Max 4
3.2 ± 0.6 6.83 ± 0.68
0.48 ± 0.08
Riton
11.20 ± 0.30
Max4
3.3 ± 0.3 6.90 ± 0.55
0.47 ± 0.12
* p < 0,05 According to OIV rules, OIV – MA – AS312-01A;
** p < 0,1 According to OIV rules, OIV – MA – AS311-01;
*** p < 0,05 According to OIV rules, OIV – MA – AS313-15;
**** p < 0,05 According to OIV rules, OIV - MA – AS313-01;
***** p < 0,05 According to OIV rules, OIV - MA –MD-AS313-02ACIVOL.

The raw material wines intended for distillation were identified as light wines, with
low extract, moderately alcoholic and acidic, with a subtle neutral aroma and floral fruits
with a minimal presence of sulfur dioxide.
The aroma of the wines obtained is a primary one acquired from grapes, but it is also
a secondary one, which was formed during the fermentation of the must. Essential oils are
the basis of primary aromatic substances, the main ones being terpenoids, high-boiling
aliphatic alcohols and their esters. This group of compounds is responsible for the so-called
floral-fruit aromas.
The basis of secondary aromatic substances is alcohol and their esters, which form
the basis of the aroma of wine. During fermentation, it is necessary to mention that
aromatic alcohol with high boiling and their esters are also formed, thus enhancing the
floral nuances of the aroma. After obtaining the raw material wines intended for the
production of divines, they were circulated for distillation.
The quality of distillates for the divine is directly dependent on the technological
schemes applied to wine distillation.
For this purpose, the methods of distilling raw material wines intended for the
production of divines were experimented, research was carried out, which refers to both
technological and economic aspects.
Although the raw material was qualitative and the regimes and parameters of the wines
were observed, the quality of the distillates obtained was different due to the method of
distilling the raw material wines. The grapes, which were harvested, were transported to
the company by means of transport by trailers [8].
The objective of the study was to evaluate the influence of raw material distillation
methods on obtaining wine distillates from grape varieties such as: Aligote, Sauvignon, Riton,
Bianca, others at the Charente and VAND-M-01 installations.
Tables 4 and 5 indicate the organoleptic indices and physico-chemical indices of
wine distillates obtained by different distillation methods.
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Table 4
Organoleptic indices of distillates obtained by 2 methods of distillation
Distillation
methods
Characteristic of
wine distillates
according to the
Specifications for
Divine

Clarity

Color

Clear liquid,
without foreign
inclusions

colorless to light
straw

Flavor

Taste

Clean of wine,
Clean, slightly
with light shades
burning
of flowers

Clean of wine,
Distillation method
Clear liquid,
with light shades
with batch
Clean, not
without sediment Colorless, without of flowers. The
operation at the
stinging, soft,
and suspended
foreign nuances
intensity of the
type Charente
sweet taste
particles
aroma is stronger,
installation
more floral.
Clear of wine,
Distillation method
Clear liquid,
with aroma of
with continuous
Colorless, with
Clear wine,
aromatic
without sediment
burner, slightly
operation at the
slight yellowish
aldehydes, pure
and suspended
VAND-M-01
hues
sour taste
wine, burner,
particles
installation
slightly sour taste
It is important to emphasize that the boiling point of compounds is not the sole criterion for
their separation during distillation. The separation of compounds is strongly influenced by
their solubility in alcohol and water mixture as well as by the distillation equipment
employed. For instance, if the alembic still was used, the higher alcohol (2‐methyl‐1‐
butanol, 3‐methyl ‐1‐butanol, 2‐methyl‐1‐propanol) content was higher in the hearts than in
the tails, despite their having boiling points superior at 100°C. In turn, the solubility of the
methanol in water, owing to its capacity to form hydrogen bridges, ensures that it is present
in all fractions (often in the greatest concentration in tails), regardless of its lower boiling
point [9].

Figure 3. Spider diagrams of organoleptic characteristics in 2 experimental distillate
samples.
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Volatile compounds of wine distillates may originate from raw materials, as well as
being formed as by‐products during alcoholic fermentation and distillation. Together with
compounds responsible for aroma, fruit distillates contain undesirable compounds, such as
methanol, furfural and SO2, which can have adverse effects on human health [10].
The testers detected in first samples a sharp, acrid, solvent, pungent aroma and taste
when compared with the second samples as a consequence lower concentration of
volatiles. On the other hand, all the heart fractions were assessed as sharp and burning,
owing to the predominance of ethyl alcohol, which excessively reduced the concentrations
of aroma components. Esters contribute to the pleasant fruity aroma of fruit distillates with
the main ester produced by yeast during fermentation is ethyl acetate. At low
concentrations (up to 200 mg/dm3) ethyl acetate has a floral and fruity aroma. At higher
concentrations it has a negative effect on the sensory quality of spirits, and its presence is
related to acetic bacterial spoilage [9]. Numbers from 0 to 3 in the spider diagrams of 2
wine distillates mean odour intensity from not perceivable to strongly perceivable; and
from 0 to 5 in these spider diagram liquor mean odour intensity from not perceivable to
strongly perceivable.
Table 5
Physico - chemical indices of distillates obtained by Charente and VAND-M-01 methods
Physico - chemical indices of wine
raw material

Charente
Method

VAND-M-01
Method

Ethyl alcohol, % vol, at 20 °C,
Mass concentration of higher
alcohols, g / dm3 anhydrous alcohol
Mass concentration of aldehydes,
expressed as acetaldehyde, g/dm3
alc. anhydrous
Mass concentration of average
esters, expressed as ethyl acetate,
g/dm3
Mass concentration of volatile
acids, expressed in acetic acid,
g/dm3, anhydrous alcohol
Mass concentration of furfural,
mg/dm3 anhydrous alcohol
Mass concentration of methyl
alcohol, g/dm3
Mass concentration of total sulfur
dioxide, mg/dm3

64.50 ± 0,55

76.10 ± 0.19

Permissible limits
after SM 312:
2014
Wine distillate [6].
52.0 ÷ 86.0

3.100 ± 0.097

2.78 ± 0.06

1.0 ÷ 6,0

0.110 ± 0.079

0.050 ±
0.027

0.03 ÷ 0.5

0.85 ± 0.35

1.360 ±
0.097

0.2 ÷ 2.5

0.111 ±0.019

0.720 ±
0.079

0.02 ÷ 0.8

0.500 ±0.079

0.20 ± 0.06

Max 3.0

0.31 ±0.06
4.031 ± 0.612

0.230 ±
0.079
4.021 ±
0.612

Max 2.0
Max 45

According to the literature [8 and 10], head compounds typically include aliphatic
aldehydes and esters (ethyl acetate, isoamyl acetate, methyl acetate), because of their low
boiling points and high solubility in ethanol. Of the aldehydes in the head fractions,
acetaldehyde occurred in the largest concentrations, regardless of the distillation variant
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used (Charante and VAND-M-01). Acetaldehyde can give beverages a fruity character when
present in low concentrations, but in higher concentrations it causes a pungent smell,
producing poor‐quality distillates.
Interestingly, the concentrations of acetaldehyde in the hearts fractions obtained
from two‐stage distillation Charante were approximately double those obtained following
the VAND installation (p < 0.05). This fraction also contained large quantities of other
aldehydes, such as isobutyraldehyde, isovaleraldehyde and hexanal, as well as acetaldehyde
diethyl acetal. This can be explained by the fact that, when a second distillation is
performed, part of the water in the wash has already been removed by the first distillation,
which increases the concentrations of ethanol and volatile secondary compounds in the
second distillate. Single‐stage distillation resulted in the separation of head fractions with
acetaldehyde concentrations ~50% lower than those in head fractions separated following
two‐stage distillation [10].
Another compound as furfural showed a different distribution from that of the
aliphatic aldehydes. The highest concentrations were measured in the hearts fractions,
especially in those obtained after two‐stage distillation Charante (p < 0.05) with 0.3 g/dm3
superior of VAND equipment. Those results for the distribution of furfural following
distillation are in agreement with those reported in the literature [8, 10]. Varying
concentrations of furfural in spirit beverages can result from different distillation conditions
and equipment. Furfural is generated by the dehydration of pentoses, and occurs during
distillation involving Maillard reactions. Its constant increase was probably due to furfural
synthesis occurring in the heated pot still [11].
The esters of acetic acid and alcohols such as propyl acetate, butyl acetate and hexyl
acetate occur in fresh plums. Acetate esters of higher alcohols are significant aroma
compounds in alcoholic beverages [12 - 14]. These compounds can give a pleasant fruity
fragrance to the general aroma of fruit and wine distillates. In this study esters were
separated mainly in the head fractions. As a consequence, the concentrations of these
compounds were much lower in the heart fractions (see Table 5). Of the esters in the heart
fractions, ethyl acetate was present in the highest concentrations, regardless of the VAND
distillation method used (p > 0.05).
A compound harmful to human health as methanol is subject to restrictions owing to
its high toxicity. Given the low boiling point of methanol (64.7°C) and its high volatility, it
might be assumed that the highest concentrations of this compound would be present in
the head fractions. Methanol should be distilled mainly at the beginning of the process, and
its concentration may be expected to decrease steadily along the distillation path and not
exceed au maximum the value 2 g/dm3.The heart fractions obtained by booth equipments
contained low contents (p < 0.05) of methanol ≤ 0,3 g/dm3 and total sulfur dioxide ≤ 4
mg/dm3 fact which attests the inoffensiveness and quality of the obtained experimental
distillates during the study.
4. Conclusion
The eco-climatic conditions of the Călărași vineyards are favorable for the cultivation of
wine varieties such as Aligote, Riton, Bianca, Sauvignon and Riesling de Rhin and Sauvignon
Blanc that allow to produce the raw material wines that are essential in order to produce
divines with the corresponding and necessary sugars and titratable acidity concentrate.

Journal of Engineering Science

June, 2021, Vol. XXVIII (2)

The influence of distillation methods on the flavor profile and quality indices of wine brandies

183

The physical-chemical indices of the raw material wines destined for distillation fit
within the acceptable limits established by the technical conditions. Therefore, in order to
improve the quality of the obtained wine distillates, it is essential to make an appropriate
choice of the distillation methods and working parameters that need to be used during the
wine distillate production. As a consequence, the quality of the wine distillate using the
Charente method was identified as being of a higher level than those produced by using
VAND-M-01. This result is owing to the fact that by utilizing the VAND-M-01 method, the
volatile acidity increases approximately by 6 times and produces wine distillate with a
slightly quality downgrade. So, the number of aldehydes obtained by distillation with
ordinary installations was 0.11 g/dm3, and in a continuous flow 0.05 g/dm3. The reasons for
such experimental data are due to the fact that the distillation process in the first case took
longer than was expected and some of the alcohol oxidized due to aldehydes. Moreover, it
was established that the higher alcohol content in the distillates that were initially
obtained by both methods Charente (3.10 g/dm3) and VAND-M-01 (2.78 g/dm3) correspond
to the acceptable limits between 1 and 6 g/dm3).
The results of this study indicate that both method of distillation can be used to
improve the chemical and organoleptic qualities of wine distillates. The composition of
volatile components in the heart fractions of wine distillates varied greatly depending on
the distillation methodology used, on the separation of the head fractions from the heart
and on the final concentration of alcohol in the heart fractions. Increases in the alcohol by
volume strength of the heart fractions (from 65 to 75% vol.) resulted in a gradual reduction
in the concentrations of volatile compounds such as aldehydes, esters and higher alcohols,
as well as in lower levels of methanol, furfural, anhydrous alcohol and acetaldehyde.
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