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Summary:  
The paper is aiming to extend the concept of morphogenesis, explaining how the process of morphogenesis1,2,4  could be 
used for both, very large scale and very small scale phenomena. This generalization of the process of morphogenesis is 
going to be made by addressing both, certain very large on one hand and certain very small scale phenomena, on the 
other. Based on the dependences and relationships between features of the both types of phenomena, the paper will 
explain why the concept and principles of morphogenesis can be applied in its generalized forms. The generalization 
presented in the paper will also identify the main issues to be dealt with when trying to apply the respective 
generalizations. The present paper is dealing only with discrete cases of the morphogenesis, since they are more intuitive 
and more easily to be understood by the reader and, at the same time, they are more appropriate for the understanding the 
process of the generalizations presented in this paper. In addition to that, the discrete models for the morphogenesis are 
representing the basis for the approach of the continuous models and in addition to that, according to some later 
founding, the matter is exhibiting discrete structure deep down at its quantum level.   
 
 
Motivation 
By carefully looking to the facts in the quantum world and to the world around us, one can ask himself whether the 
process of the morphogenesis and its laws could be applied to both, to the quantum world phenomena and also to the 
normal/ large scale phenomena. The answer is, at any rate, not a simple one because of the following facts: the process of 
morphogenesis it might be possible to be applied to both of the situations above but this actual application could be 
hindered by the complexity of the interactions encountered in the vast majority of the possible cases. The present paper 
has neither the pretention nor the intention to address the vast complexity of the application of the morphogenesis in all 
the possible cases. It is only intended to show, in a few particular cases, how the process of morphogenesis could be 
extended to the quantum world or to the large scale world phenomena. 
 
 
Results 
Taking into account relationships between the physical quantities involved in both, very small scale world phenomena 
and normal/large scale phenomena, one can apply or not, depending on situation, rules and laws of the morphogenesis1, 
as described by Turing, also to other phenomena to what the morphogenesis has not been intended to be applied. The 
cases to be dealt with are showing the validity of the process of morphogenesis also for the extensions regarding the 
quantum world3,5 or the large scale world phenomena. Hence, it is likely to assume that, if the knowledge of the main 
interactions is available, the process of morphogenesis is very likely to be one of the most valid explanations for both, the 
processes pertaining to both, quantum and large scale worlds. 
Thus the results of the paper can be summarized into the following table: 
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1 Presentation of the results achieved by A. Turing  
2 Application of the morphogenesis to large scale phenomena 
3 Application of the morphogenesis to very small scale phenomena 
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Summary:  
The paper is approaching the concept of fractal1,6, as being the explanation for both, uncertainty and certainty. The 
certainty is expressed by the fact that one can create structures and concepts going out from simple instruments such as 
distances and rules that are generating the respective fractals. On the other side some other fractal forms are ruled by 
uncertainty, in the sense that the rules are completely unknown or their formula cannot be established exactly. One very 
special type of rule that is the base for many fractals encountered in the nature is given by the Fibonacci series. It is so 
special because the deterministic rule it is so simple, but the results and the shapes resulting from it are so complicated 
and it seems to be like the nature is telling us: “Look at all the complicated things I can create only based on just one 
simple rule” The paper also categorizing the main types of fractals by taking into account the ways they form, the rules 
they obey and to what extent they are expressing the determinism or the indeterminism. 
 
 
Motivation 
The uncertainty encountered in both, the normal scale and the quantum scale world, has remained unexplained despite all 
efforts. One of the main differences between the certainty in the quantum world and one in the normal scale world is that, 
whereas the distribution in the normal scale world seems to be the normal Gauss distribution, the distribution within the 
world of fractals is the so called fractal distribution1,5,6. If one is taking into consideration the fact that the both worlds, 
quantum and normal one are interfering than it is close at hand to assume that one important link between these two 
worlds may be represented by the fractals, since according to their scale, they could be found in both, in very large or 
very small scales. 
 
 
Results 
The paper brings on one hand the categorization of the fractal’s types and on the other hand the systematization of the 
certainty degrees of different systems and of the features of different structures having different certainty degrees. One 
other intended result is to ascertain in what way the rules the fractals are forming are determining the uncertainty at the 
small scale level when the scale is continuously gradually decreased down to quantum level.  
Some other important results the paper is containing are summarized in the following table: 
 
1 Analysis of the fractals based on Iterated Function Systems 
2 Analysis of the shaping processes of the fractals using the theory of linear systems 
3 Analysis of the shaping processes of the fractal shapes using the correlations within the respective shapes 
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Summary:  
The work is devoted to the study of the optical properties of carbon nanoparticles synthesized by the method 

developed during our experimental studies. The optimal conditions for the creation of carbon nanostructures 

with predetermined properties are defined. Nanoparticles of the size of about 100 nm were obtained, the 

maximum of absorption of which is localized at wavelengths in the violet-blue region of the spectrum, while 

the maximum of luminescence – in the green region of the spectrum. The assumption is made about the 

possibility of using the obtained particles for correlation diagnostics of optical speckle fields. 
 

Motivation 

The relevance of the study of the carbon nanomaterials properties is related to the unique features of these 

structures, namely, their specific optical manifestations, fluorescence in the visible region of the spectrum, 

anomalous absorption, chemical passivity, and non-aggressiveness to biological systems1-2. 

 

According to the existing classification1, fluorescent nanoparticles are divided into four classes, among which 

carbon nanoparticles are notable due to their size of about one hundred nanometers. Such structures are rather 

attractive because they exhibit luminescence at wavelengths in the yellow-green and red regions of the spectrum.  

 

Therefore, the purpose of this work is to develop and extend the technique of creating carbon nanoparticles with 

predictable properties, namely, controlled sizes, strong optical absorption at wavelengths of 405 nm, and 

emission in the visible region at wavelengths of about 530 nm. The creation of such particles will allow the 

diagnostics of speckle fields, by moving these particles along the intensity gradient by optical fluxes with their 

localization in the singular regions3. Such diagnostic approaches extend the existing correlation-singular 

methods of processing complex inhomogeneous optical fields4-5. 

 

Results 

Figure 1 shows the diagram of the creation process and determination of the carbon nanoparticles properties.  

 

 

Fig.1. Diagram of the creation process and determination of optical properties of carbon nanoparticles 

In our experimental approach, as it was previously mentioned, the bottom-up method is used1-2. Citric acid (0.2 

g) and urea (0.2 g) were selected as reagents1 in equal proportions. In a plastic tube, the mixture is dissolved in 

5 ml of distilled water to form a clear solution. Then the solution is poured into a porcelain crucible (10 ml in 

volume) and has been heated in the oven at t = 190°C for 2 hours. The heat treatment results in the formation 
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of a precipitate consisting of carbon nanoparticles. After cooling, the latter is dissolved in 10 ml of distilled 

water within 3 hours. Particles dissolved in water are removed into a separate flask. To obtain an aqueous 

solution of carbon nanoparticles of the same size, a magnetic stirrer MicroMed 35-40 minutes is used. In 2 hours 

at rest after mixing, a solution is obtained, which is used for further centrifugation to separate particles of 

different sizes. 

 

The resulting working solution for different time intervals of centrifugation was dried; to compare the set of 

samples obtained, the latter were dissolved in an equal volume of distilled water (2 ml). 

 

The optical density was measured using the setup6 shown in Fig. 2. Radiation of a fluorescent lamp is in the 

wavelength range of 90-2200 nm, from which the monochromator emits a working wavelength corresponding 

to the maximum absorption of the obtained carbon nanoparticles (405 nm)1. The the FD-288V germanium 

photodiode acts as a radiation receiver, with a working wavelength range of 190-1100 nm, a dark current of 40 

nA. 

 

Fig. 2. Setup for measuring the optical density of the samples6: 1 - fluorescent lamp together with 

a stabilizer, 2 - the entrance slit, 3 - the system of rotating mirrors, 4 - the diffraction mirror, 5 - the output 

slit, 6 - monochromator MUM-01, 7 - cuvette with the sample, 8 - radiation receiver. 

The optical density was estimated as kl
I

I
D τ  )ln(

0
, where τI  – the intensity of the transmitted radiation, 

0I  – the intensity of the radiation incident on the cuvette, k  - the extinction index, l  - the thickness of the 

cuvette (10 mm). 

 

The results of calculations of the optical density for the centrifugation frequency of 500 rpm (405 nm) for 

different centrifugation times are shown in Fig. 3 (a). Working solutions for different centrifugation frequencies 

are obtained and controlled similarly. It should be noted that the gradual increase in the centrifugation frequency 

causes a decrease in the time at which a constant (unchanged) concentration of carbonic particles in the working 

solution is observed (Fig. 3 (b)). 

 

For more accurate measurements, atomic force microscopy approaches were used. Specially prepared 

specimens were carefully analyzed, which allowed the determination of carbon nanoparticle sizes up to 100 nm 

for centrifugation frequency of 13,000 rpm. It is the aqueous solutions of such carbon nanoparticles that will 

enable to diagnose optical fields, to observe the movement of these particles by internal optical fluxes3, and to 

perform spatial-frequency processing and reproduction of phase distributions4-5 over a spatial recorded picture, 

visualized by luminescence. The mobility of the investigated objects, the spatial displacement of optical fields 

can be studied through the analysis of the skeleton of the optical field, the reproduction of phase information 

using mathematical processing of Hilbert transforms, in particular5. 
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                                      (a)                                                                                       (b) 

Fig. 3. (a) Dependence of the optical density of the samples on the centrifugation time for centrifugation 

frequency of 500 rpm, (b) Dependence of the deposition time of the particles on the rotation speed of the 

centrifuge 

 

As far as it is seen from the obtained results, the luminescence maximum of carbon nanoparticles corresponds 

to the wavelength of 530 nm. Gradient optical forces determine the movement of carbon nanoparticles in the 

areas where the localization of nanoparticles occurs. The optical speckle field is modeled by a set of spatially 

distributed graphene nanoparticles in the areas of the intensity gradient, thereby reproducing the structure 

(skeleton) base of the optical field, followed by mathematical processing of this structure, restoring the phase 

map in real time and obtaining information about the state of the object.  
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Summary:  
New approach for restoring the amplitude and phase distributions of random speckle fields is proposed. Optical properties 

of carbon nanoparticles, such as luminescence and absorption in the visible spectrum, as well as particle sizes of about 

hundreds nanometers, are the determining criteria for using these particles for the correlation optical diagnostics of random 

fields. The obtained intensity distribution of a speckle field is analyzed by a 2D Hilbert transform to restore the phase 

distribution of the entire object. 

 
Motivation 
A complex scalar field, generally formed by coherent light, is a complex distribution of intensity maxima and minima, 

some speckle field, the main base element of which is an optical vortex (phase singularity is an element of the field in 

which the phase is undefined)1-3. 

 

The use of a reference beam is the traditional (classical) way of studying the singularities of the optical field, identifying 

the location of the singularity, the ability to identify the skeleton (base) of the optical field, which allows us to identify the 

object. However, it is possible to avoid the necessity to use an additional second beam using the method of reproducing 

phase singularities by means of the optical correlation technique4-5. In our recent works11-12, it was proposed to use the two-

dimensional discrete Hilbert transform to restore the phase information, which enables to significantly simplify approaches 

to reconstructing the phase of the object. 

 

To restore the amplitude and phase information about the object and to expand the existing approaches6-12 to restoring 

optical fields, in this research paper it is assumed to use test particles of the nanoscale with special properties being quite 

small in size, highly absorbing, and controlled by optical energy fluxes. Fluorescent carbon nanostructures, as a new class 

of nanostructured materials, are of considerable interest due to their unique and exciting properties, such as tunable 

photoluminescence, easy synthesis, chemical inertness to surface modification, low cost, low toxicity and 

biocompatibility13. The abnormal absorption of carbon nanoparticles promotes the use of these particles as a means of 

analysis and diagnostics of speckle fields, assuming that the particles are localized not just in the phase gradient regions, 

but at the singularity points of the studied fields. Thus, optical trapping, as a new tool for manipulating and moving 

nanostructures, has been successfully applied to carbon nanoobjects14. 

 

Thus, this work demonstrates the possibility of reconstructing the amplitude and phase distribution of a field from a random 

scattering object, which is clearly visualized by spatially redistributed carbon nanoparticles using internal optical flows to 

the points of minimum intensity. It can be expected that the use of the two-dimensional Hilbert transform will allow us to 

restore the phase distribution of the initial object. 

 
Results 

To study optical fields in the experimental and theoretical approach proposed in this work, carbon nanoparticles of about 

100 nm are used, with significant absorption, which is determined by the need to redistribute the particles to the minimum 

region when moving along the intensity gradient15-18. Irradiation of carbon particles obtained in our experiment at a 

wavelength of absorption by radiation particles of about 405 nm in size enables to observe luminescence at wavelengths 

of the visible region of the spectrum. The obtained luminescence spectra determine the maximum wavelength in the 

spectrum (530 nm), which is used to reproduce regions of optical vortices (singularities) and intensity minima in the 
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analysis of speckle fields. Gradient optical forces determine the movement of particles in these areas where the localization 

of nanoparticles occurs. The structure of the optical speckle field is visualized with the following fixation of this structure 

by a CCD camera. 

 

For simulation processing the Mathematica software was used. In a simulation approach, a random rough surface of an 

object with an area of 100 by 100 μm is modeled, the number of pixels in a given area is determined by the step 
𝜆

3
. Points 

with a step of 5 μm are considered, the height of the inhomogeneity at which is randomly generated in the interval 0 - hmax 

(hmax = 2 µm). The height of the inhomogeneity is obtained using spline interpolation of first order. To obtain a complete 

picture of the simulated surface roughness, a Gaussian filter with a radius of 3 μm was used, with smoothing by 30 points, 

which allows reproducing the relief of the rough surface.  

 

In order to simulate the diffraction image of a rough surface, the diffraction integral in the Rayleigh-Sommerfeld 

approximation4-5 was used, which in the discrete approximation can be presented, as: 

𝑈(𝜉, 𝜁) =
𝑧

𝑖𝜆
∑ ∑

𝐹(𝑥, 𝑦)

𝑅2(𝑥, 𝑦, 𝑧, 𝜉, 𝜁)

𝑌

𝑦=1

𝑋

𝑥=1

𝑒𝑥𝑝{−𝑖𝑘[𝑅(𝑥, 𝑦, 𝑧, 𝜉, 𝜁) + 2ℎ(𝑥, 𝑦)]},                            (1)  

where 𝐹(𝑥, 𝑦)– is the aperture function; ℎ(𝑥, 𝑦) – the relief of the rough surface, 𝑘 = 2𝜋 𝜆⁄  is the wave number; 

𝑅(𝑥, 𝑦, 𝑧, 𝜉, 𝜁) = √𝑧2 + (𝑥 − 𝜉)2 + (𝑦 − 𝜁)2 – the distance from a point on the object to a point in the observation plane; 

z is the distance between the plane where the object is localized and the observation plane; 𝑥, 𝑦, 𝜉, 𝜍 – rectangular 

coordinates in the plane of the object and in the plane of observation, X, Y – the number of points of the analyzed object 

selected in x and y directions. 

 

As a test object, the diffraction pattern in the far field of 60x60 μm (100x100 pixels) in size was simulated (Fig.1(a)). 

 

To restore the pseudo-phase information, the two-dimensional discrete Hilbert transform in a spatial domain was used11-12, 

where the real-valued part of the complex analytical signal is the coordinate distribution of the speckle-field intensity: 

𝑅𝑒(𝐴(𝜉, 𝜁)) = 𝐼(𝜉, 𝜁) ≡ |𝑈(𝜉, 𝜁)|2. The kernel of the Hilbert transform, was presented in a cotangent form19: 

 

𝑘𝑒𝑟(𝑥, 𝑦) =
2

𝑁1𝑁2

[𝑐𝑜𝑡 (
𝜋

𝑁1

) 𝑥 + 𝑐𝑜𝑡 (
𝜋

𝑁2

) 𝑦],                                                             (2) 

 

where 𝑥 = 0,1, … 𝑁1 − 1, and 𝑦 = 0,1, … 𝑁2 − 1, where 𝑁1 and 𝑁2 – are the kernel size. 

 

As the simulation results show, using the Hilbert transform allows to reconstruct the pseudo-phase map of the object 

(Fig.1(b)). The kernel size in performed operation is 20x20 pixels. 

 

    
(a)            (b) 

Fig.1. Simulated diffraction pattern of 60x60 μm size (a) and a pseudo-phase map restored by a Hilbert transform (b) 
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Speckle-field with carbon nanoparticles distributions at the points of optical singularities as well as in intensity minima 

could be recorded and analyzed. Concentration of carbon particles determines optical singularities points due to the action 

of internal optical flows and the redistribution of particles by intensity gradient. Motion of particles in time determines the 

structure of intensity distribution of a speckle field, which can be used for restoring the phase distribution with further 

Hilbert transform operation. The high accuracy of restoring the optical field information, using carbon particles is expected. 

Thus, new approaches of optical field processing expand the opportunities for recording and restoring the complex optical 

field information. 
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Summary:  
Nanorefrigerants are a new class of refrigerants, resulted by adding nanoparticles in a conventional refrigerant. Vapor 

compression refrigeration systems play an important role in refrigeration applications, which are sein to be one of the 

most energy consuming technologies. Improving energy efficiency of these systems is a nowadays challenge, due to 

environmental benefits. On the other hand, the use of ecological refrigerants (ODP=0 and low GWP) is an actual trend, in 

accordance with international regulations. This paper focuses on the performance of a vapor compression system in two 

cases: when the working fluid is a pure refrigerant (R600a) and when the working fluid is a nanorefrigerant 

(R600a/Al2O3). The nanorefigerant has resulted by adding Al2O3 nanoparticles to an environmental friendly refrigerant. 

The results indicate that the system working with the nanorefrigerant has an enhanced performance; also, by investigating 

its behavior when keeping the evaporation temperature constant and the condensation temperature varies. 

 
Motivation 
Nanofluids are sein to be attractive for heat transfer applications, due to their improved thermo-physical properties; these 

fluids result from a base fluid in which are suspended nano-size particles.4 Nanorefrigerants are a new class of 

refrigerants, given by a mixture of nanoparticles and refrigerants; the use of nanorefrigerants in refrigeration systems 

shows a higher heat transfer rate, a better Coefficient of Performance, an improved refrigeration effect and a lower power 

input at the compressor.5, 6 

It is recognized the fact that a performant vapor compression refrigeration cycle ensures electrical energy saving.7 In the 

present time, when a better system performance and energy efficiency are important goals, this paper is discussing about 

the merit of a simple vapor compression refrigeration cycle working with a nanorefrigerant (R600a / Al2O3, nanoparticles 

of Al2O3 having a mass fraction of 0.06% and a density of 3690 kg/cm3). 

 
Results 
The cycle of the analyzed vapor compression system is provided in Figure 1. 

 
The evaporation temperature is kept constant (0oC), while the condensation temperature will take three different values 

(33, 36, 39oC). 

In Figures 2 and 3 are given the variation of the refrigeration effect and Coefficient of Performance with condensing 

temperature. 

Comparative analysis reveals better results for the case in which the nanorefrigerant it is used. 

When adopting the nanorefrigerant, the heat transfer in the evaporator and in the condenser is improved and the power 

input is diminished. COP improvement is obvious, therefore the use of nanorefrigerants results to be highly 

recommended. 

 
Figure 1 – (p – h) diagram of a simple VCS 

OMN100-6 (1)



 

 
 
References 

[1] Emani, M. S., Roy, R., Mandal, B. K., "Development of refrigerants: a brief review", Indian J. Sci. Res. 14 (2), 175-

181 (2017).  

[2] Prasad, T. H., Reddy, K. P., Reddy, D. R. R., “Exergy analysis of vapour compression refrigeration system”, Int. J. of 

Applied Engineering Research, Vol. 4, No 12, 2505-2526 (2009). 

[3] Ahamed, J. U., Saidur, R, Marjuki, M. H., “Thermodynamic performance analysis of R600 and R600a as refrigerant”, 

Engineering e-Transaction, Vol. 5, No 1, 11-8 (2010). 

[4] Patil, M. S., Kim, S. C., Seo, J. H., Lee, M. Y., “Review of the thermo-physical properties and performance 

characteristics of a refrigeration system using refrigerant – based nanofluids”, Energies, 9, 22, 16 pp (2016). 

[5] Nair, V., Tailor, P. R., Parekh, A. D., “Nanorefrigerants: a comprehensive review on its past,, present and future”, Int. 

J. of Refrigeration, 67, 290-307 (2016). 

[6] Sanukrishna, S. S., Vishnu, A. S., Prakash, J. M., “Nanorefrigerants for energy efficient refrigeration systems”, J. of 

Mechanical Science and Technology, Vol. 31, Issue 8, 3993-4001 (2017). 

[7] Arnemann, M., “Energy efficiency of refrigeration systems”, Int. Refrigeration and Air Conditioning Conference at 

Purdue July, 16-19, 9 pp (2012). 

[8] Kumar, R. R., Sridhar, K., Narasimha, M., “Heat transfer enhancement in domestic refrigerator using R600a/mineral 

oil/nano-Al2O3 as working fluid”, Int. Journal of Computational Engineering Research, Vol 03, Issue 4, 42-50 (2013). 

[9] Sarbu, I., Valea, E. St., “Ecological refrigerants used in refrigeration, air-conditioning and heat pump systems”, Proc. 

of the 2014 Int. Conference on Power Systems, Energy, Environment, 178-184 (2014). 

[10] Venkatarathnam, G., Murthy, S. S., “Refrigerants for vapor compression refrigeration systems”, Resonance, 139-162 

(2012). 

[11] Reddy, D. V. R., Bhramara, P., Govindarajulu, K., “Hydrocarbon refrigerant mixtures as an alternative to R134a in 

domestic refrigeration system: the state of the art review” Int. Journal of Scientific & Engineering Research, Vol. 7, Issue 

6, 87-93 (2016). 

[12] Koh, J. H., Zakaria, Z., Veerasamy, D., “Hydrocarbons as refrigerants – a review”, ASEAN Journal on Science and 

Technology for Development, 34 (1), 35-50 (2017). 

[13] Emani, M. S., Mandal, B. K., “The use of natural refrigerants in refrigeration and air conditioning systems: a 

review”, Int. Conference on Mechanical, Materials and Renewable Energy, 1-8 (2018). 

[14] Hastak, S. S., Kshiragr, J. M., “Comparative performance analysis of R600a and R436a as an alternative of R134a 

refrigerant in a domestic refrigerator”, Int. Conference on Mechanical, Materials and Renewable Energy, 1-8 (2018). 

 

 

 
 feizamemet@yahoo.com 

 

 1. Advanced materials and new technologies 

Poster 

 
 

Figure 3 – Coefficient of Performance versus condensing 

temperature 
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Summary:  
The novelty consists in the fact that this paper is discussing about the benefits brought by nanotechnology, when 
improving the energy efficiency in gas turbines. More specifically, applying erosion resistant nanocoatings to compressor 
air foils is a way to optimize gas turbine performance. Ceramic matrix composites ensure durability of the components 
under high operating temperatures. When talking about performance in this study, besides the new technology dealing 
with better coats, the exergy analysis- which assesses the waste of exergy destruction, it is taken into discussion. Exergy 
destruction has an impact on the efficiency of the plant; moreover each component part of the thermal system has a 
contribution to the merit of the gas turbine. This is why are formulated exergy destructions for these components. 
According to the results of this analysis, it can be stated that the least inefficient component of the gas turbine system is 
the compressor, followed by the gas turbine itself. The object of this study is a 4,1 MW gas turbine with ceramic matrix 
composites nanocoating, operating at different loads (60%, 80%, 100%). 
 
Motivation 
Erosion produced by solid particles and liquid droplets leads to damages of the turbine elements and efficiency 
decrement, with negative effects on business of power plants owners. A method used in the prevention of this process is 
the coating of blades with a strong and light layer which impedes the erosion, by the use of nanotechnology. 
Nowadays, by the help of nanotechnology, it is possible to provide new materials for the coating, with specific properties 
(strength, durability, etc), the result being sein in an improved erosion resistance. Nanomaterials are materials having 
minimum one of their morphological characteristics (for example the size of a particle) given in nanoscale. 
Due to their very small dimensions they show better thermal, mechanical, physical or chemical features.1 
In the actual framework, when energy efficiency and fuel savings are priorities, this paper focuses on two means of 
improving energy efficiency of marine gas turbines. 
One mean is the inclusion of erosion resistant nanocoatings in the structure of marine gas turbines, while the second 
mean is exergetic analysis of the performance – since energy analysis leads to overestimate the performance. 
More specifically, it is about nanomaterials used as layers to enable the erosion prevention to compressor air foils 
Ceramic matrix composites show important benefit due to their characteristics such as: small weight, very good 
resistance, high temperature capabilities and low failure under loading. A very good option is the use of ceramic matrix 
with silicon carbide. In order to ensure operation under high temperature conditions, iron, nickel and cobalt base super 
alloys are used.2 
The other method of gas turbines performance enhancement, considered here, is the exergy analysis. This is due to the 
fact that exergy is a tool of analysis more complex than the one based on energy analysis.4 Exergy is a thermodynamic 
concept, used in design, simulation and efficiency assessment of power systems, defined as the maximum useful work 
which can be obtained from a system as it reversibly comes into equilibrium with its environment.5 
The main source of inefficiency in a system is given by the amount of irreversibility (the exergy destruction); so, in gas 
turbines, the location, the quantity and the cause of inefficiencies is found by the use of exergy analysis, throughout 
exergy destruction within the main component parts.7 
 
Results 
The results of the analysis were obtained for a 4,1 MW gas turbine, with ceramic matrix composites nanocoating; the 
environment is featured by the thermodynamic parameters: 10,13 bar and 24oC. The load variation is considered to be in 
the range (60%–100%). 
By the help of ceramic matrix composites might be reached long term and high temperature corrosion resistance. After 3 
operating hours, an unprotected sample loses about 14 times more weight (in mg) than the protected one; as well after 4 
operating hours. 
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In Figure 1 it is provided the relationship between the turbine efficiencies and the load. Have been studied two types 
of efficiencies: the exergetic efficiency (the second law efficiency) and the isentropic efficiency. At full load, the 
efficiency of the turbine presents its best values. Also, resulted that the gas turbine efficiency according to the second law 
is better than the isentropic efficiency of this component; the reason is that the work production, specific to the real 
expansion process, is less than the theoretic one. Have been identified “places” with the highest inefficiency: the 
combustor and the exhaust gases (they present the most important values for the exergy destruction rate). 

A hierarchy is possible to be done: the compressor is the least inefficient, followed by the gas turbine – also by 
comparing values of exergy destruction rate. 
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Figure 1 – Influence of load variation on the gas turbine efficiencies 
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Summary:  

Latest obtained results illustrate the rectilinear and rotational motion of micro-objects in a biological environment, which 

is stipulated by the action of the optical force, on the one hand, and the special influence of the toque of the evanescent 

wave, on the other one. The reason of this unusual action is the presence of a transverse spin component of the 

evanescent wave. This feature appears due to the method of excitation: a linearly polarized wave with the azimuth of 

polarization of 45° at total internal reflection (TIR) at the interface of a prism and a biological medium is used. The 

objects of the study were gold particles located in a biological environment and red blood cells (RBC) in blood plasma. 

We demonstrate the possibility for controlling these objects using an evanescent wave under specially selected 

experimental conditions. The obtained results are highly relevant in modern pharmacology and biomedicine. 

 
Motivation 

Recent studies1-2, devoted to the investigation of evanescent waves, have revealed a set of properties that demonstrate the 

extraordinary action of these waves. The peculiarity of the evanescent wave is that its spin component does not depend 

on the polarization and is perpendicular to the orientation of the wave vector2, hence the transverse component of the spin 

moment appears. Appropriately, we can talk about the polarization of the evanescent wave, with circulation of energy in 

the horizontal or vertical planes2. The transverse spin component of the evanescent wave occurs under the TIR of a 

linearly polarized wave with the azimuth of 45°, at the interface of prism-object. This transverse component is 

responsible for the transverse component of the optical force, which is a key feature of evanescent wave under such 

excitation conditions2. 

 

Recent works1, 3-7 are devoted to the study of the action of the transverse component of the optical force on micro and 

nano-objects, in which - in particular - the possibilities for controlling and manipulating micro-objects of biological 

origin are described5-7. The use of effects of evanescent waves is relevant for the development of nanotechnology, 

including molecular, especially for biomedicine, including nano-therapy, transportation of medical products, bio-

marking, cancer diagnosis, and bio-probing. Molecular nanotechnology finds its development in the creation of 

biomedical devices, such as nano-machines and nano-robots. In this case, drugs are injected into nano-particles, which 

imply side effects reduction, thereby overcoming the problems of solubility and toxicity.  

 

Another possibility of practical use of the transverse spin component of the evanescent wave is realized when 

manipulating biological objects, in particular blood shaped elements5,6. The transverse component of the optical force 

determines the movement of micro-objects in the direction different from the direction of the Poynting vector, reveling 

the complex nature of the motion of objects in the field of the evanescent wave. 

 

This paper promotes results that illustrate the possibility for controlling of nano- and microobjects located in a biological 

environment by an evanescent wave. The transverse spin component of the evanescent wave generates a transverse 

component of the optical force, causing the motion of micro-objects in the transversal direction. At the same time, the 

rotational motion of nano-objects due to the circular polarization of the evanescent wave in the vertical and horizontal 

planes is realized. Such features of the evanescent wave arise at the TIR of a linearly polarized wave with the azimuth of 

polarization of 45° at the interface of the prism-biological medium.  
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Results 
We consider the influence of the transverse spin of an evanescent wave on the objects of investigation, revealed by the 

action of the optical force component in the transverse direction on gold particles, that are usually localized over a 

section of biological tissue7 and used as a transfer element of the micro-dose of medicine for potential medical 

applications. We take into account that the section of biological tissue, as a rule, is birefringent. For a complete analysis 

of the action of the evanescent wave on gold particles under the TIR at the "biotissue-liquid" (water) boundary of a 

linearly polarized incident wave of azimuth 45º, it is necessary to assess: the component of optical force and torque in the 

biotissue slice, and the magnitude of the component of the optical force at the action of the evanescent wave on gold 

microparticles being localized over the interface. Changing the angle of incidence of the probing beam for different 

section thickness, the polarization azimuth of this beam is selected, when the compensation of the optical torque  

becomes possible.  

 

Among the possible options for compensating the optical force in the volume of a biological section, we choose the 

optimal one, with respect to its experimental implementation. It can be shown that having the polarization azimuth of the 

incident wave at 45° at the ‘tissue-fluid’ interface is realized when the incidence angle of a linearly polarized probing 

beam at the first surface of the section with the polarization azimuth of 79° is about 60° for the thickness of the section 

100 μm. These parameters of the probing beam ensure complete internal reflection on the external surface of the section 

and the realization of an evanescent wave above the interface. This choice of parameters enables experimentally 

visualization of the transverse motion of gold particles in the surface layer of the tissue fluid, caused by an evanescent 

wave.  

 

Consequently, the fixed motion of gold particles over the surface of the biological section in the transverse direction can 

be explained by the action of the transverse spin component of the evanescent wave, which is generated under the above 

conditions. The route of the nanoparticle motion in the evanescent wave is determined by the angle between the Poynting 

vector propagation along the z-axis and the resultant direction of the particle motion, which does not coincide with either 

the longitudinal or the transverse directions of the optical force components action. As modeling results show, for the 

chosen incidence angle of 60°, the angle determining the direction of nanoparticles motion is about 11°.  

 

It is natural to assume that by changing the parameters of the probing beam, we are able to control the movement of 

nanoparticles in the super-surface layer of the biological object, thereby increasing the possibilities of transporting the 

correct amount of drugs to handle pathological biostructures. 

 

The generated evanescent wave is proposed to use for spatial movement of the shaped blood elements, in particular 

RBCs, in the transversal direction5-6. Here, we investigate both the influence of laser radiation on erythrocytes for optical 

trapping and moving, as well as for realization of precise control of such objects at the nanoscale level providing 

desirable velocity of motion in the evanescent field due to the change of polarization of the laser beam and illumination 

conditions.  

 

By changing the angle of incidence of the beam at the prism, changes of the parameters of the evanescent wave, which 

propagates in the erythrocyte, are achieved. Thus, it is possible to set the maximum depth of penetration of the 

evanescent wave into the erythrocyte, which is about of 0.9 µm. The description of the mechanism of interaction of the 

evanescent wave with the erythrocyte suggests the use of the model5-6, according to which the surface is divided into a  

set of facets of areas of about 0.01 µm². The chosen size of the facets is necessary and sufficient for the description of the 

erythrocyte surface interacting with an evanescent wave. According to this model, one computes the components of the 

optical force and the magnitude of torque for each facet. In doing so, one takes into account the angle of incidence of 

radiation at the corresponding facet and the optical characteristics of the erythrocyte surface. This model makes it 

possible to define the spatial location of each of the facets, to determine the orientation of the plane of incidence of the 

evanescent wave on the facet. This enables description of the interaction of the wave with all obtained facets finding the 

part of the energy, which forms the component of the optical force for providing the motion of the erythrocyte. 

 

A specially chosen scheme of two oppositely directed evanescent waves of the same amplitude and frequency forming 

above the prism provides the condition for transverse motion of the erythrocyte under the action of an evanescent field. 
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In this model experiment, the longitudinal components of the optical force of the evanescent waves onto the erythrocyte 

are compensated leaving only the transversal components. Let us emphasize that the discussed effect only becomes 

possible if one uses two linearly polarized incident waves with the azimuths of polarization +45º and -45º with respect to 

the plane of incidence, so that two oppositely directed evanescent waves are of the same elliptical polarization. 

 

Elliptically polarized evanescent waves with opposite directions of rotation of the electric field vectors compensate the 

resulting rotational and rectilinear longitudinal motion of a cell and provide the condition for observation of a rectilinear 

motion of an erythrocyte in the transversal direction.   

 

The maximal magnitude of the resulting optical force occurs for an angle of incidence of 63º. We emphasize that the 

RBC velocity will significantly depend on the angle of incidence of the beams. 

 

In our experiment, specially prepared samples of blood plasma with isolated erythrocytes were used. Observation of 

motion of isolated erythrocytes in whole blood is hampered by high concentration of cells. Following this approach, both 

computer simulation and experimental investigation of erythrocyte motion in blood plasma are carried out. To realize the 

TIR, we use a flint prism with an index of refraction of 1.61.   

 

Using of the proposed experimental setup and chosen theoretical approach allows us to obtain the controlled motion of 

the RBC under the action of the evanescent wave in the transversal direction, which can expand the prospects for the 

creation of a new generation of optical manipulators. Moreover, using of non-toxic for the body, gold or carbon 

nanoparticles, based on the considered method, can successfully be applied for the needs of modern pharmacology and 

medicine. 
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Summary:  
This project is based on a 3D LED cube with dimensions 5x5x5.  Besides the physical realization of the cube, we designed a 

code with which all letters from the alphabet can be displayed, as well as all numbers and various 3D animations.  125 LEDs 

were used to create the 3D LED cube. The whole system also used 30 resistors, 5 transistors and one development board. 

 

Motivation:      
We chose this type of project because we think it is a challenge. Only a very skilled person can create this 3D LED cube and 

we think that this project is amazing. These 3D LED cube can be used as road signs or as commercials for shops. 

 

Results: 
We managed to create what we wanted and we finished this project in approximately 2 months.  In the figure below you can 

see the 3D LED cube. 

 

 

 
Figure 1. 3D LED cube 
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This cube is based on the following structure: 

 

 

 

 

 
Figure 2. Structure of 3D LED cube 

 

 
The final system looks like this: 

 

 
Figure 3. Final system 
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Summary: 

This project presents a concept of monitoring the most important parameters of a vehicle. The main purpose of the parameter 

monitoring system is to announce the driver when one of them exceeds the normal operating values. The system contains 

secondary devices and a development board. With this system the parameters are taken from the car's computer and 

displayed for the driver on a screen without disturbing his/her attention in traffic. The most important thing about this system 

is that it can display parameters that are not found on the car's dashboard. 

 

Motivation: 

We chose this project in the automotive domain mainly because we think it is very useful for drivers. We consider that such a 

communication system with a vehicle could be useful in any car. In the first place we can check that the values displayed in 

the dashboard are correct. Secondly, we can display the parameters that until now were transparent to the driver, although 

these parameters existed in the car's computer. 

 

Results: 

The system will work on all vehicles that have an OBDII connector on board (any type of engine - diesel or gasoline). The 

parameter sets differ depending on the type of engine. In diesel engines the set of parameters can be recorded in real time and 

it is more complex than in the case of gasoline engines. We designed the system and wrote the code for monitoring the 

desired parameters. 

 

Figure 1. Connecting system modules 
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Figure 2. System for monitoring the parameters of vehicle 
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Summary:  
The use of robots in the maritime industry is becoming more widespread in its different branches. Underwater 

autonomous vehicles (UUVs) have become an essential tool for various underwater activities. Compared to other 

autonomous systems, navigation and localization for UUVs are particularly difficult due to the unavailability of the 

Global Positioning System (GPS), where signals are attenuated under water and the complexity and instability of the 

environment are big. Alternative methods such as acoustic positioning systems, inertial navigation systems (INS) and 

geophysical navigation approach are used for navigation. In this paper is presented three methods for underwater 

navigation and the algorithm used to follow a trajectory. The flowmeter is used in this application to identify the 

underwater route and the results are compared with the inertial sensors (IMU) test especially the magnetometer results. 

The two prediction are used using PID and Kalman filter to identify the trajectory. 

 

 
Motivation 
A great use, in underwater application, have a IMU sensors. We want to develop an autonomous underwater robot which 

can be connected with a ROV controlled with cables. The autonomous robot are used only in emergency cases and in the 

difficult places where a big robot cannot access. The first version of an underwater robot build with intelligent sensors 

are achieved in laboratory using BlueRobotic component [1]. The study of IMU sensors connection with Arduino are 

presented in [2]. The Labview interface used to control the robot is described in [3]. 

  
Results 
The underwater robot must follow the known trajectory. In first tests we have simulated the trajectory in MATLAB.  

 

 
Fig.1. The trajectory simulated in MATLAB, the coordination points [43.817688,28.197773] and 

[43.826941,28.119097] with a precision of 500m 

 

The results obtained after Kalman filter applied on the accelerometer data are presented in Fig.2. 
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Fig.2. The Kalman Filter results of the accelerometer data 
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Summary:  
Real-time knowledge of indoor and outdoor air quality, water quality, noise pollution level, or electromagnetic radiation 
level, all these are requirements of today's society. The demand for devices to monitor these polluting factors has 
increased substantially in recent years. The devices for monitoring electromagnetic radiation are also part of the 
increasingly requested devices. The current market offers such devices, which have a high cost price, which can usually 
only indicate the presence of electromagnetic radiation but does not indicate the volume, or area of the radiation origin, 
nor does it integrate their amount 1, 2. Adding these disadvantages make such equipment rare, monitoring the amount and 
sources of radiation being difficult or even impossible to achieve, the volume of data being small and inaccurate can not 
help to achieve a correct image of the phenomenon and the adoption of correct prevention policies or combating the 
phenomenon. The novelty of our proposal is that a modular equipment has been made, an option not found in other 
equipment. The equipment was conceived around a microprocessor, with low power usage. The microcontroller has 
integrated Wi-Fi and the majority of the sensors can be connected through the I2C bus protocol. Our innovation is 
adapting sensors that are incompatible, to work through I2C. All of these sensors are connected to the I/O analog and 
digital ports, through our adapter (I2C output). The electronic diagram was realised using the EAGLE electronic design 
software. Our device has a small volume, portable, easy to use, low price, almost non-existent maintenance, possibility 
monitoring of electromagnetic radiation, internet connectivity for data acquisition and creation of databases for the 
elaboration of strategies for the prevention and reduction of the monitored phenomena. It complements the family of 
universal devices for monitoring Indoor Air Quality Universal Device (IAQ-MUD) 3 and Outdoor Air Quality 
Monitoring Universal Device (OAQ-MUD) 4 improving the image of polluting factors 5. 
 
Motivation 
When we started to develop this device, we wanted to create an instrument, easily reconfigurable, which with minimal 
investment we can monitor a wide range of electromagnetic emissions. Such equipment would provide information 24 
hours a day with a reading every few seconds. This device is the second in a family of devices developed by us, in 
number of three, interconnect able, which aim to monitor pollutants in outdoor and indoor environments, the data 
provided by these devices can be used in the development of procedures and regulations. We safely keep personnel in 
buildings, workspaces, or monitored areas. Composed of the basic unit with the role of interpretation, storage, display, 
online retransmission of information, received from one or more sensory modules, with a narrow spectrum, specialized 
for the area of interest to be monitored. These sensor modules are connected to the base unit via the I2C communication 
line via the quick jacks, which allow them to be changed in a few seconds. Thus, one or more sensors can be attached 
depending on the area or areas to be monitored, thus achieving an exact identification of the area and the source 
generating electromagnetic radiation. Interconnect ability and compatibility with the two devices in the same family of 
environmental quality monitoring equipment is also a novelty that we have not found in any other device. With this 
equipment, it is practically desired to replace a spectral analyzer, expensive equipment with relatively large dimensions, 

OMN100-12 (1)



impossible to mount in several locations simultaneously due to the enormous investment. The equipment that is closest to 
what we wanted to achieve in this work is the Narda SRM-3006 Selective Radiation Meter (Figure 1) [6]. 

 
Figure 1. Narda SRM-3006 Selective Radiation Meter  

 
Depending on the configuration of the sensors, this device can reach from 15,000 to 25,000 euros. In order to work 
through a PC, it is also necessary to purchase a special program of 700 euros. The lower price variant (12,000 euros) 
offered by this well-known manufacturer is Narda NBM-550 (Figure 2) [7]. 

 

Figure 2. Narda NBM-550 
The rest of the equipment on the market with a price close to that of our equipment (of approximately 500-1000 euros) 
reads the electromagnetic radiation of bulk type (package), not specifying the radiation area or source, but only the 
existence and amount of their quantity. 

Results 
In the testing phase of the equipment, it was installed in the electronics laboratory where it was created and where the 
radiation emitted by the electrical and electronic equipment in this space was monitored. The identified radiation 
generating sources are: power supplies for printers and computers, wireless routers, frequency converters for electric 
motors, mobile phones, microwave oven. The data obtained can be synchronized with local time (LT) or with 
Coordinated Universal Time (UTC) and can be imported into table programs for further analysis. Access can be done 
from any location with internet connection, either on fixed or mobile devices without the need for special applications. 
A daily average of one-week readings was made: electromagnetic radiation on the space (V/m) and density of power 
(W/m2 ). 

 
Conclusions 
The need to monitor electromagnetic emissions on areas of interest has led to the design and implementation of this 
versatile, adaptable, easy-to-use and maintenance equipment that can be used in different environments. to be monitored. 
the energy consumption is low, the supply can be done both from the electricity grid and from batteries. The small 
physical dimensions allow for easy installation and low production costs, making it the ideal device for multiplication. 
After checking the sensor readings (calibration with certified equipment) we can say that the equipment successfully 
fulfills the main objectives, ie the readings performed by the sensors fall within the fields specified by their manufacturer.  
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Summary:  
This paper presents a practical implementation for low-cost, software-defined Ground Penetrating Radar. The proposed 

system uses solely a general purpose low-cost SDR platform, two antennas and a PC. The main advantage of this 

implementation compared to similar implementations in the literature is the absence of external components/circuits or 

custom built RF boards. The SDR platform is USRP N200 equipped with WBX RF daughterboard. The only external 

additions are two Vivaldi antennas. The system implements chirp radar operation with a bandwidth of 40 MHz achieving 

a theoretical resolution of 375 cm in air. Because of the reduction of electromagnetic wave velocity in soil, the resolution 

improves significantly in practical situations where the wave travels through a high permittivity medium. The resulting 

system is capable to successfully discover large subterranean voids like caves or tunnels. The paper presents an 

experimental validation where the proposed system is employed to detect the presence of a tunnel. 

 
Motivation 
Ground Penetrating Radar (GPR) is an electronic system capable of producing high resolution images of the subsurface. 

It generates electromagnetic waves and analyses the echoes resulted from the reflections of these waves at discontinuities 

of the studied medium [1]. The resulted images provide valuable information for a multitude of scientific fields like 

geology and archeology. GPR is also used in military applications for mine detection and in civil engineering for locating 

underground utilities. Its widespread use stems from its simple, rapid and safe operation being a noninvasive technique. 

The great majority of GPR solutions available today use dedicated hardware which is expensive and inflexible. On the 

other side, Software-defined radio technology is becoming more and more widespread and cost-effective. As a 

consequence, more and more technical fields are benefiting from the advantages of this technology [2] and Ground 

Penetrating Radar is no exception.  

Paper [3] presents a software-defined radar implementation that served as inspiration for our system. It uses chirps as 

scanning signals and pulse compression for signal processing.   

 
Results 

The proposed hardware consists of a PC and a USRP N200 platform fitted with a WBX RF daughterboard. This 

configuration provides a full-duplex transceiver. The transmitter and the receiver sections of the system are connected to 

Vivaldi antennas. The choice for this particular antenna is motivated by its wide-band and ease of fabrication. The block 

diagram of the proposed system hardware is presented in figure 1.  

The baseband signal processing is divided between the USRP motherboard, mainly the FPGA module, and the personal 

computer connected to it, which also serves as the system’s human interface device. The customized part of the signal 

processing is performed on the computer and is coded, for simplicity, in LabVIEW. The FPGA uses the standard 

firmware provided by Ettus Research. 

The program generates a complex baseband bidirectional linear chirp with a bandwidth of 40 MHz and a duration of 38 

μs which modulates a carrier of 500 MHz. The baseband chirp expression is: 

 

𝑠(𝑡) = 𝑒𝑗𝜋𝑘(𝑡−
𝜏

2
)2

      (1) 

 

where k is the chirp rate 1052631 MHz/s and τ is the chirp duration 38 μs. 

 

The magnitude of the complex cross-correlation between the baseband version of the received echo and the baseband 

transmitted chirp is plotted as a column of the GPR image matrix.  
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The GPR image matrix is populated sequentially by moving the system on a straight line with a step of 1 m. The 

experimental setup and results are presented in fig. 2 and 3. 

 

 
Fig.1. Block diagram of the proposed system 

 

 
Fig.2. Experimental setup in action 

 

 
Fig.3. Experimental results 
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Summary:  
This paper presents an experimental implementation of continuous-wave interferometric radar based on the low cost 

USRP platform and a computer. The purpose of the proposed system is to measure small displacements of the monitored 

target over a long time period. These measurements are extremely useful in the field of civil engineering. Common 

applications are landslide monitoring or bridge and building deformation analysis. The proposed solution transmits a 

monochromatic radio wave towards the monitored target and measures the phase shift suffered by the reflected wave. 

The measured phase shift is stored in a file on the hard drive of the computer. After a certain period of time, spanning 

from minutes to years, specific to the application, with the system placed in the same position, a second phase shift 

measurement needs to be performed, storing a new result. The system then computes the difference between the two 

stored phase shifts and determines the displacement. As expected for all interferometric measurements, due to the cyclic 

nature of the phase shift, the displacement must be smaller than a certain fraction of the wavelength of operation; 

otherwise the result will be ambiguous. In our case the displacement must be smaller (in module) than a quarter of the 

transmitted wavelength. Due to the fact that in a software-defined radio the frequency is user selectable in a very wide 

range, the system can be configured to adapt to the magnitude of the expected displacement. All of the above mentioned 

assertions have been validated experimentally. 

 
Motivation 
Software-defined radio technology is becoming more and more widespread and cost-effective. As a consequence, more 

and more technical fields are benefiting from the advantages of this technology [1]. Displacement measurement is an 

important topic in civil engineering which can benefit from the advances in SDR technology. Interferometric radars 

capable of accurately measuring small displacements are commonly implemented in a dedicated hardware form [2]. This 

approach is expensive and the resulting device is inflexible in operation. This paper proposes a practical implementation 

of interferometric radar using solely a general purpose low-cost SDR platform with minimal external components. The 

only external additions are two off-the-shelf RF switches, an Arduino Uno microcontroller board, a fixed RF attenuator 

and two Vivaldi antennas. The result is a very flexible radar system with wide range tunable working frequency and 

radiated power.  

 
Results 

The proposed hardware consists of an USRP N200 platform fitted with a WBX RF daughterboard. This configuration 

provides a full-duplex transceiver. The transmitter and the receiver sections of the system are connected to Vivaldi 

antennas and a fixed attenuator through a couple of RF switches. The choice for this particular antenna is motivated by 

its wide-band and ease of fabrication. The switches are computer controlled through an Arduino Uno board as depicted 

in figure 1. The baseband signal processing is divided between the USRP motherboard, mainly the FPGA module, and 

the personal computer connected to it, which also serves as the system’s human interface device. The customized part of 

the signal processing is performed on the computer and is coded, for simplicity, in LabVIEW. The FPGA uses the 

standard firmware provided by Ettus Research.  

The main difficulty in implementing radar interferometry on a low-cost, general purpose SDR transceiver platform stems 

from the lack of coherence of the transmitter and receiver sections of the device. This translates in a random phase shift 

between the transmitter and the receiver sections of the SDR. In order to implement an interferometer it is imperative to 

correct this fundamental problem. The proposed solution is to measure and subtract this phase shift from the acquired 

signals for each measurement. The second essential correction is the parasitic antenna coupling. This unwanted effect is 

corrected using both the amplitude and phase of the received wave.  
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The complete procedure performed for a measurement is presented in the flowchart in figure 2. 

 
Fig.1. Block diagram of the proposed system 

 
Fig.2. Algorithm for measurement 

Aant and φant are the amplitude and corrected phase of the received signal measured with no target in front of the antennas 

(or in an anechoic chamber), previously stored for performing antenna coupling correction.  

In order to measure the displacement between two acquisitions, the stored phases, φ1 and φ2, are retrieved from the hard 

drive by the program and the displacement is computed using the following formula: 

 .  (1)
 

where Δφ = φ1 – φ2 wrapped to (-π, π] interval. 
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Summary:  
This paper presents a practical implementation of software-defined ground-based synthetic aperture radar. The proposed 

system uses a PC, a general purpose low-cost SDR platform and a minimum of external components. The SDR platform 

is USRP N200 equipped with WBX RF daughterboard. The only external components are two off-the-shelf RF switches, 

an Arduino Uno microcontroller board, a fixed RF attenuator and two Vivaldi antennas. The system implements stepped-

frequency radar operation with a bandwidth of 1500 MHz (500 – 2000 MHz) achieving a resolution of 10 cm in air. The 

proposed system mimics the behavior of Vector Network Analyzers. It works by sweeping the 1500 MHz frequency 

band and storing the amplitudes and phases of the scattered waves as columns of the raw data matrix. This raw data 

matrix is processed using an implementation of the backprojection (BP) SAR algorithm to generate the bidimensional 

focused image. All of the above mentioned assertions have been validated experimentally, proving the proposed system’s 

ability to generate high resolution images of the analyzed scene. 

 
Motivation 

Ground based synthetic aperture radar is a valuable tool for monitoring natural hazards, in particular those phenomena 

producing ground displacements. Paper [1] presents a successful application of this technique for landslide monitoring 

and slope movements. Paper [2] studies man-made structures deformations caused by underground mining activity and 

gravitational slope deformations. Another field of application of the proposed system is through-wall imaging. Due to the 

high resolution of the system and the ability of the electromagnetic waves to penetrate certain construction materials, the 

system is capable to create accurate images of metallic objects placed behind walls [3]. The majority of the systems 

present in available literature use either custom built hardware or Vector Network Analyzers, which are inflexible and 

expensive.   

In response to this, the solution proposed in this paper uses a PC and a low cost USRP N200 platform fitted with a cheap, 

non-coherent WBX daughterboard. The lack of coherent operation is corrected by means of a minimum of low-cost, 

external components consisting of two off-the-shelf RF switches, an Arduino Uno microcontroller board and a fixed RF 

attenuator. A dedicated software routine measures and corrects the random phase offset between the transmitter and 

receiver sections of the WBX board before each measurement. The result is a low cost yet flexible software-defined 

radar system. The SAR focusing algorithm inspired by [4] is very straightforward in order to reduce the learning curve 

for inexperienced users. 

 
Results 
The proposed hardware consists of a USRP N200 platform fitted with a WBX RF daughterboard. This configuration 

provides a full-duplex transceiver. The transmitter and the receiver sections of the system are connected to Vivaldi 

antennas and a fixed attenuator through a couple of RF switches. The choice for this particular antenna is motivated by 

its wide-band and ease of fabrication. The switches are computer controlled through an Arduino Uno board as depicted 

in figure 1. The baseband signal processing is divided between the USRP motherboard, mainly the FPGA module, and 

the personal computer connected to it, which also serves as the system’s human interface device. The customized signal 

processing is performed on the computer and is coded in LabVIEW. The FPGA uses the standard factory firmware.  

The main difficulty in implementing radar on low-cost, general purpose SDR transceiver platforms stems from the lack 

of coherence between the transmitter and receiver sections of the device. This translates in a random phase shift between 

the transmitter and the receiver sections. In order to successfully implement radar operation it is imperative to correct this 

fundamental problem. The proposed solution is to measure and subtract this random phase shift from the acquired signal 

OMN100-15 (1)



• Adress: Mircea cel Batran Street, no. 104, Constanta, 900663, Romania; Email: miricip@gmail.com  

• 6. Optics-inspired approaches for non-optical applications: systems, devices, and signal processing 

• Poster 

 

for each measurement. The second essential correction is the parasitic antenna coupling. This unwanted effect is 

corrected by subtracting a previously stored target-less measurement from each scan. The system moves on a straight 

line with a step of 3 cm between successive measurements and stores the resulting data in columns of the complex raw 

data matrix. The resulting raw data matrix is processed using the backprojection algorithm inspired by paper [4] and is 

implemented in MATLAB. This algorithm is based on the matched filter algorithm which applies the point scatterer 

matched filter response in equation (1) iteratively to all the pixels in the generated image. 

 

(1) 

where r is the position vector for the resolution cell corresponding to the processed pixel, Np is the number of measurements (number of columns of the 
raw data matrix S), K is the number of tested frequencies (number of rows of the raw data matrix S), f is the frequency, τ is the time, ΔR is the straight-

line distance (slant-range) between the antennas and the resolution cell corresponding to the processed pixel and c is the speed of light.  

Figure 1 presents the block diagram of the hardware and figure 2 the practical implementation and experimental results. 

 
Fig.1. Block diagram of the proposed system 

 

 
Fig.2. Practical implementation and experimental results 
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Summary:  
An experimental implementation for a low-cost, software-defined Ground Penetrating Radar is presented in this paper. 

The proposed system uses solely a general purpose low-cost SDR platform with minimal external components. The SDR 

platform is USRP N200 equipped with WBX RF daughterboard. The only external additions are two off-the-shelf RF 

switches, an Arduino Uno microcontroller board, a fixed RF attenuator and two Vivaldi antennas. The system 

implements stepped-frequency radar operation with a bandwidth of 1500 MHz achieving a resolution of 10 cm in air. It 

works by sweeping this frequency band and storing the amplitudes and phases of the scattered waves. Then, this 

frequency-domain information is translated into time-domain by means of discrete IFFT. The time-domain responses are 

plotted in an A-scope image. All of the above mentioned assertions have been validated experimentally. 

 
Motivation 
Ground Penetrating Radar (GPR) is an electronic system capable of producing high resolution images of the subsurface. 

It generates electromagnetic waves and analyses the echoes resulted from the reflections of these waves at discontinuities 

of the studied medium [1]. The resulted images provide valuable information for a multitude of scientific fields like 

geology and archeology. GPR is also used in military applications for mine detection and in civil engineering for locating 

underground utilities. Its widespread use stems from its simple, rapid and safe operation being a noninvasive technique. 

The great majority of GPR solutions available today use dedicated hardware which is expensive and inflexible. On the 

other side, software-defined radio technology is becoming more and more widespread and cost-effective. As a 

consequence, more and more technical fields are benefiting from the advantages of this technology [2] and Ground 

Penetrating Radar is no exception. Paper [3] presents a software-defined GPR implementation based on high 

performance SDR platform USRP X310 equipped with UBX daughterboard. The choice for this particular configuration 

is determined by the coherent, phase-aligned operation of the daughterboard, ideally suited for radar applications. 

However, this level of performance comes at very high price, rendering this approach unaffordable for many 

beneficiaries of GPR technology. 

In response to this, the solution proposed in this paper uses a low cost USRP N200 platform fitted with a cheap, non-

coherent WBX daughterboard. The lack of coherent operation is corrected by means of some low-cost external 

components consisting of two off-the-shelf RF switches, an Arduino Uno microcontroller board, a fixed RF attenuator 

and a software routine which measures and corrects the random phase offset between the transmitter and receiver 

sections of the WBX board before each measurement. The result is a low cost yet flexible software-defined radar system. 

The disadvantage compared to the high performance implementation in [3] is slower operation which results in longer 

scanning periods. However, for many GPR applications where time is not critical the proposed solution is a viable 

choice.  

 
Results 

The proposed hardware consists of a USRP N200 platform fitted with a WBX RF daughterboard. This configuration 

provides a full-duplex transceiver. The transmitter and the receiver sections of the system are connected to Vivaldi 

antennas and a fixed attenuator through a couple of RF switches. The choice for this particular antenna is motivated by 

its wide-band and ease of fabrication. The switches are computer controlled through an Arduino Uno board as depicted 

in figure 1.  

The baseband signal processing is divided between the USRP motherboard, mainly the FPGA module, and the personal 

computer connected to it, which also serves as the system’s human interface device. The most extensive part of the signal 

processing is performed on the computer and is coded, for simplicity, in LabVIEW. The FPGA uses factory firmware.   
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The main difficulty in implementing radar on low-cost, general purpose SDR transceiver platforms stems from the lack 

of coherence between the transmitter and receiver sections of the device. This translates in a random phase shift between 

the transmitter and the receiver sections. In order to successfully implement radar operation, it is imperative to correct 

this fundamental problem. The proposed solution is to continually measure and subtract this random phase shift from the 

acquired signal. The second essential correction is the parasitic antenna coupling. This unwanted effect is corrected by 

subtracting a previously stored target-less measurement from each scan. The operation algorithm of the proposed system 

is presented in the flowchart in figure 1. 

 

 

 
Fig.1. Block diagram of the proposed system and flowchart of operation 
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Summary 
In this paper it was developed a Finite Element Method (FEM) model for the simulation of interfacial failure between 

two plies of an AS4/PEEK composite sample using Cohesive Zone Model (CZM), under the frame work of Comsol 

Multiphysics software. Mixed Mode Bending (MMB) method was considered here for the numerical implementation of 

progressive delamination propagating in composite specimens with pre-existing cracks. Volumetric strain and von Mises 

stress at the maximum load before fracture have been evaluated at here different ratios between mode II strain energy rate 

and total strain energy rate GII/GT = 20%, 50% and 80%. 
 

Motivation 
Composite materials in the form of a sandwich structure became nowadays, for weight saving purposes, primary load 

bearing parts in engineering applications like aircrafts, trains and ships. In aircraft industry, thermoplastic composites like 

the AS4  carbon fiber reinforced poly-ether-ether-ketone (AS4/PEEK) are used in structural applications: leading edges, 

clips and brackets, and stiffened panels [1, 2]. Recently, AS4/PEEK composites became very attractive for orthopedic 

implants, due to biocompatibility, similar modulus to bone and ability to withstand prolonged fatigue strain [3, 4]. 

As a consequence of adjacent layers separation, composite laminates suffer delamination failure under static and fatigue 

loadings, causing an important degradation of the load-bearing property for composite structures. Mixed-mode bending 

(MMB) test was developed in order to study the interlaminar fracture behavior of composite laminates, with evaluation 

of critical strain energy release rate GC in structures having initial pre-cracks [5]. MMB test combines double cantilever 

beam (DCB) mode I loading and end-notch fixture (ENF) mode II loading by evaluating total strain energy rate GT with 

its mode I (GI) and mode II (GII), offering a wide range of GII/GT ratios, starting from GII/GT = 0% (DCB) till GII/GT = 

100% (ENF), with GT = GI + GII. 

Fracture initiation and propagation in composite laminates can be numerically investigated using several specialized 

numerical schemes under the frame work of Finite Element Method (FEM). Cohesive Zone Model (CZM) formulation 

incorporates both damage initiation criterion and energy based propagation criterion and is based on the connection 

between crack resistance and interatomic binding energy, assuming that the cohesive forces between crack surface will 

act within a small region ahead of crack tip [6]. M.R. Wisnom [7] showed from CFRP delamination modeling studies 

based on cohesive elements that the crack propagation is restricted to the interface between plies. 

Camanho et al. [8] implemented a CZM based method for simulating progressive delamination on single-mode and 

mixed-mode delamination test specimens with pre-existing cracks, and this approach was also considered in the present 

numerical study, developed with Comsol Multiphysics software. 
 

Results 
The experimental MMB tests for a [90]24 unidirectional AS4/PEEK composite samples with the fiber volume content of 

60 % have been performed by A. Turon et al. [9]. The specimens contained a Kapton film delamination starter at one end 

of the structure, with a thickness of 13 µm, located at the specimen mid-plane. It was established the initial delamination 

length of the specimens (a0) at values of 33.7 mm, 34.1 mm and 31.4 mm using GII/GT ratios of 20%, 50% and 80% 

respectively, with a penalty stiffness Kp = 106 N/mm
3
 and exponent of Benzeggagh - Kenane criterion η = 2.28. The 

specimen had a length 2l of 102 mm, width b of 25.4 mm and a thickness 2h of 3.12 mm, values considered also for the 

present simulations. 

In Table 1 are presented all the mechanical and interfacial properties of the laminate composite considered for model 

validation. Here, parameter E11 represent the Young modulus along fibers (x direction), E22 = E33 is the Young modulus 

across fibers (y and z directions, respectively), G12, G13 and G23 are the shear modulus along xy, xz and yz planes, 
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respectively, ν12, ν13 and ν23 are the Poisson ratios, N is the normal tensile strength and S represent shear strength of the 

material. 

 
Table 1: AS4/PEEK material properties considered for crack propagation modeling [9] 

 

E11 

(GPa) 

E22 = E33 

(GPa) 

G12 = G13 

(GPa) 

G23 

(GPa) 

ν12 = ν13 ν23 GIc 

(kJ/m
2
) 

GIIc 

(kJ/m
2
) 

N 

(MPa) 

S 

(MPa) 

122.7 10.1 5.5 3.7 0.25 0.45 0.969 1.719 80 100 

 

In figure 1 was presented the load-displacement curve predicted by the present numerical model and the experimental 

data [9]. A good correlation between the numerically predicted and experimentally measured maximum loads was 

observed here, with an error (%) of - 2.2, - 4 and   -2.6, when GII/GT was 20%, 50% and 80%, respectively. 

 

 
Fig.1. Predicted and experimental load-displacement curves at different mode ratios for AS4/PEEK composite specimen 
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Summary 
An important part of microfluidic device technology is based on passive (static) micromixers, with a structure of 

microchannels organized in special configurations, in order to produce an efficient mixing of different types of solutions. 

In this study it was developed numerically using the Finite Element Method (FEM) based Comsol Multiphysics software 

a special type of Split and Recombine (SAR) micromixer model with two mixing units, based on a Grey topology. Three 

types of glycerol - water solutions have been considered for the performance investigation of this SAR mixing model. 

Degrees of mixing ẟm of 0.74 and 0.73 were computed for the water based solutions having 10% wt. glycerol and 20% 

wt. glycerol at an inlet flow rate of 1×10
-8

 m
3
/s, obtained with the compromise of pressure drops of 161 Pa and 203 Pa, 

respectively. A much lower mixing degree, of only 0.43, was registered at the same flow rate for the solution with 35% 

wt. glycerol, at a higher pressure drop of 316 Pa. 
 

Motivation 
During the last decades, many chemical and biological analyses were developed around the microfluidic or Lab-On-a-

Chip (LOC) devices. One of the most important components of these devices are the micromixers, with a big impact on 

the efficiency and sensitivity of microfluidic systems. Fast and efficient mixing of fluid samples is absolutely necessary 

in the microchannels of a mixer system, due to the difficulty of mass transfer by diffusion in the laminar regime for 

classical microfluidic flows. Different passive micromixers have been designed so far in order to fulfill this demand, this 

type of mixers being easily incorporated in composite microfluidic devices due to the simplicity in their structures [1,2]. 

3D passive micromixers can be categorized into two broad groups of Split and Recombine (SAR) mixers and chaotic 

mixers[3,4]. 

One of the most important disadvantages of a SAR type micromixer is the high pressure drop as a consequence of a 

complex 3D structure and the actual main concern is to design smart geometries with acceptable pressure drop, that offer 

good mixing performance in the largest possible domain of Re numbers.  B.L. Gray et al.[5] developed a special type of 

split-and-recombine micromixer for a multi-level laminating mixing of fluids. Mixing is occurring here by successive 

separation and reuniting of fluid streams to increase the contact area between the two fluids, resulting in faster mixing by 

diffusion [5].A Gray type SAR mixer model with two downstream mixing chambers, inspired from the numerical model 

studied by C. Habchi et al.[6] using computational fluid dynamics (CFD) code ANSYS Fluent 19, was also considered 

here, being developed with a FEM based code. 
 

Results 
Fig. 1.a show the simulation results for the degree of mixing ẟm, evaluated as a function of different Reynolds numbers in 

the case of the proposed SAR micromixer model under different glycerol-water mixtures, with the properties presented in 

Table 1. The first minimum value of mixing degree for the SAR system: ẟm = 0.39 at Re = 4.5, registered for 10% wt. 

glycerol in solution, was slightly higher than in the case of other two minimum mixing efficiencies, due to an improved 

diffusion mechanism as a consequence of a higher mutual diffusivity and of a lower dynamic viscosity for this mixture 

(see Table 1). 

 
Table 1 Physical property for glycerol-water mixtures at 25oC 

 

Glycerol (wt. %) Ρ (Kg/m
3
) µ (mPa·s) D (10

-9
 Pa·s) Reference 

10 1020.7 1.13 0.58 [7-9] 

20 1045.3 1.54 0.31 [9,10] 

35 1083.9 2.6 0.157 [9,10] 
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The corresponding pressure drops in the mixing system are presented in fig. 1. b, being numerically computed at 

different volumetric flow rates. As we could see here, at a flow rate of 1 ×10
-8

 m
3
/s, pressure drop P  was about 161 

Pa and 203 Pa, respectively for the Gray SAR mixing system with water based fluid having 10 % and 20 % wt. 

glycerol; in the case of the fluid with 35 % wt. glycerol, P  was  316 Pa. At a flow rate of 1.5 ×10
-8

 m
3
/s, mixer 

model with all three types of fluids presented P values under 510 Pa, and at 2.5 ×10
-8

 m
3
/s, only the system with 35 

% wt. glycerol based solution showed a pressure drop over 900 Pa ( P = 967 Pa). All those P values were close to 

the pressure drops evaluated experimentally at the same flow rates (and at room temperature) for two other types of 

SAR mixing systems: chain and tear-drop micromixers, with similar dimensions of the channels and also with a 

water –based working fluid [11]. 
 

   
 

Fig. 1. Degree of mixing at the SAR mixer outlet for different Re numbers (a) and pressure drop along the mixing system at 

different inlet flow rates (b) for the glycerol-water solutions under study 
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Summary:  

Depending on the Si content, the magnetic and the electrical properties of steels for electrotechnical purpose are produced 

with oriented grains or contrarily with non-oriented grains. Usually, the Si content of such steels varies between 0.8 - 

4.8%. Generally, steels with less than 3% Si are used for small and medium power electric machines, while steels with 

higher Si content, i.e. above 3%, are used for high power electric machines and electric transformers. Si in steel increases 

the strength and decreases the magnetic losses guaranteeing the development of large grains, which improves the 

magnetic properties of the laminated sheets. For the processing of the sheets, the magnetic core of the electric machine 

has to be considered in addition to the magnetic properties of the material and the energy losses, the evolution of the 

material’s microstructure in the cutting area, which may possibly need reconditioning operations. The aim of this study is 

oriented to the morphological, mechanical electrical and magnetic characterization of Si steel with non-oriented grains in 

order to be further employed as transformer cores.  

Motivation 

 
The study is oriented to characterize the steel samples in order to ensure the performance requirement of such materials 

for industrial applications. 
In this study, Si steel with non-oriented grains, commonly used for transformer cores, is investigated from morphological 

and mechanical point of views. In addition, their magnetic characteristics are determined at different frequencies in order 

to be able to determine the total losses for each component. This latter, has to main components, namely the losses 

through hysteresis and the losses through eddy currents at a definite value of the magnetic field. 

 

Results 

 
Following the characterization performed, it comes out that by an appropriate selection of the composition and 

employing suitable metallurgical and thermal treatments, rollers with superior magnetic properties, thermal and structural 

stabilities can be obtained. 

The study is oriented to characterize the samples in order to ensure the performance requirement of such materials for 

industrial applications. 

The metallographic microstructures were made using a Neophot 2 optical microscope from Carlzeiss Jena. The grain size 

is 4.5 and is appropriate. If the grains are too small, the magnetic losses through hysteresis and thus the total magnetic 

losses are higher. It is preferable for the grains to be uniform throughout the surface of the sheet. 

For the microscopy analyzes, samples were cut from the M400-50A-C5 silicon steel roller on the transverse direction. 

The samples were previously processed by grinding on an industrial grinding machine on various metallographic papers, 

after which they were polished on a felt with a diamond paste. To highlight the phases present in the structure, the 
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samples were attacked with Nital 4%. Following the optical microscopy analyzes, we could observe the presence of 

asymmetric ferrite grains. 

Sample roll, constituent ferrite, conventional index G = 5/8, tertiary cementite score 3/5. 

 
Enlarge x200 

4% Nital attack 

 

The  non-grain oriented sheets M400-50A-C5 are manufactured in different qualities, differing by the amount of silicon 

in the alloy are used as cores in transformers, generators and motors, efficiently converting magnetic energy into 

electricity. The percentage of silicon in the alloy can vary from 1 to 1.9%, and aluminum is used to prevent the material 

from aging (0.2 ÷ 0.5)%. In order to increase the resistivity of the sheet metal, usually small amounts of manganese (0.1 

÷ 0.4)% are added. 

The topic of the paper is related to a real industrial need and more in particular to obtain higher quality product. The 
areas, within the conference, mostly interested can be manufacturing process control, sustainable manufacturing, 

advances in gear and transmission manufacturing. 
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Summary:  
Pollution caused by ships is a great threat to the environment nowadays. Pollutant emissions from maritime 
transportation are substantial. In this paper are analysed economic considerations regarding the implementation and use 
of an unconventional energy system on a route and how can apply the effective methods for reducing pollution caused by 
shipping industry. By using a hybrid system of unconventional energy modern Flettner Rotor and Flettner Ballon, 
shipowners can save a great deal of fuel, thus making substantial savings and not least, reducing pollution, making 
environmentally friendly ships.Unfortunately, the legislation in force does not allow ships to enter ports with 
unconventional energy sources. For this reason, unconventional energy sources in the work will be used only during 
transoceanic crossings or during longer journeys. In this article major points are: 1) calculation of the fuel consumption 
for a container ship on a route during ocean passage; 2) calculation of the pollutant emissions on the route of the ship if 
this uses fossil fuel and calculation of the pollutant emissions if the ship using green energy resources and an electrical 
motor; 3) the costs of the investment for transforming a fossil fuel consuming container ship into a green one during 
ocean passage. 

 
Motivation 
The use of this hybrid system not only helps us to save fuel, but also protects the environment.Using wind energy, 
instead of the conventional one with fossil fuels, we protect the nature. By reading the article the reader will discover an 
calculation of how much some green energy sources like modern Flettner rotor and Flettner balloon, which are using 
wind renewable energy, together with an electrical engine can reduce pollution  for a route during ocean passage and 
how much are the costs of installation of a green energy resources system and the investment mitigation time.For this 
target, we have presented: 1) the categories of pollutant emissions (particulate matter emissions PM, sulfur oxide 
emissions SOx, nitrogen oxide emissions NOx); 2) categories of greenhouse gases (carbon monoxide emissions CO2, 
Methane emissions CH4 , Nitrogen oxide emissions N2 O); 3) the routes on which the ship used conventional fuel and the 
routes on which the ship used renewable energy; 4) the calculation of the costs of implementation of the hybrid system; 
5) the calculation of the pollutant emissions on the route. 

 
Results 
A comparative analisys shows us that the results of calculation of pollutant emissions if we use hybrid system on the 
route are: 1) by using the hybrid system, CO2 emissions will be only 2,53% and SOx emissions will be only 0.87% 
comparing with a conventional system; 2) during Heavy Fuel Oil (HFO)  consumption by the main engine,  there had 
been released 45757929,7 g/kWh NOx; during Heavy Fuel Oil (HFO)  consumption by the generators,  there had been 
released  2013625,14 g/kWh NOx; main engine consumption is 70,5 mt of diesel with a low content of sulphur 0,05 % 
(MGO),  during 38,1 hours of operating; during the diesel consumption with low content of sulphur  0,05 % (MGO) by 
the main engine, there had been  released 5780578,8 g/kWh NOx; generators consumption is 38,1 mt of diesel with a low 
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content of sulphur 0,05 % (MGO), during 38,1 hours of operating; during the diesel consumption with low content of 
sulphur  0,05 % (MGO) by the generators, there had been  released 380104.4 g/kWh NOx ; 3) the total value of NOx  
emissions  during the voyage, broken down in steps, if we will use a hybrid system is 1439546,1 g/kWh. 
Finally, we can concluded: if we will use a conventional propulsion system during the considered voyage, NOx  missions  
would be 53932237,99 g/kWh; by using a hybrid system, NOx   emissions will be only 2,66% comparing with a 
conventional system.We can remark that the emissions will be proportional with the fuel consumption. The use of the 
hybrid system during ocean passage helps in saving fossil fuels, indirectly saving the owners incomes. At the same time, 
the hybrid system helps reduce environmental pollution by reducing gas emissions combustion, especially nitrogen 
oxides NOx, carbon dioxide CO2 and sulfur dioxide SO2, thus also protecting the environment. Indirectly, by using as 
less as possible the  ship's conventional generators on fossil fuels, their service life is extended and the period of time 
between the periodic reviews required increases. 
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Summary:  
This study aims at providing an efficient method to solve the statistical file merging issue: merging two or more files 

containing distinct datasets, from different sources, where the items of the datasets do not overlap (the percentage of 

units that are common to all datasets is insignificant). The problem is modeled as a network transportation problem and 

is solved using an adaptive Genetic Algorithm based on fuzzy logic controller, which dynamically calibrates algorithm 

parameters. This evolutionary technique is convenient for large-scale optimization problems with a significant number of 

variables and logical constraints. It also provides researchers in the fields of statistics and optimization a valuable 

instrument for achieving a correct balance between the quality of solutions and the processing time. This is a critical 

demand in most of the practical optimization problems.  

Numerical experiments on selected test instances validate this generalized merging approach and proves that the results 

of this file merging simulation can be extrapolated for better integration of various datasets generated by numerous 

government, administrative and statistical agencies. Apart from better central financial reporting for example, this will 

help to expand cooperation between private sector and government institutions. 

 
Motivation 
The emergence of big data closely relates to the fast expansion of Internet and social networks that use a wide variety of 

computer applications, generating a growing global volume of data used by companies to get their own benefits. The 

essence of big data analysis is to generate new knowledge by linking a collection of data from disparate sources into a 

single, unified dataset. Data integration is the issue of aggregating data from various sources and having different 

formats (structured - the most ‘traditional’ form of data storage, semi-structured as XML files, or unstructured as audio 

or video files) to allow their full understanding and examination. First, in addition to reducing memory storage space and 

file accessing time, integration of “big data” type data sources is useful because it generates a single extended dataset 

that facilitates statistical inference and generates other statistical data. Moreover, this offers multiple advantages and cost 

savings, primarily allows the discovery of useful information for studying the behaviour of organizations and their 

clients, in order to predict the future and improve the decision-making process.  

There are two statistical approaches to address big data integration: data linkage - exact merging and data fusion - 

statistical merging: 

- Data linkage refers to the process of comparing records on some common attributes, from within and across 

different data sources (designed and revised over time by various individuals), in order to identify which pairs of records 

correspond to the same entity (person, object, enterprise, event, etc.). For this purpose, some quasi-identifiers are used to 

identify and connect records about the same entity. For instance, in databases consisting of records about persons 

(patients, customers, taxpayers, etc.), there are string-based identifiers: names, genders, marital status, home addresses, 

email addresses, number-based identifiers: phone numbers, dates of birth, social security numbers, or other variables.     

- Data fusion attempts to merge two or more files containing distinct datasets from different sources, where the items 

do not overlap (the percentage of units that are common to all datasets is insignificant). In other words, the files contain 

disjoint sets of units; this is in contrast to the record linkage approach, where the items contained in the datasets overlap, 

making it possible to link records from different datasets, related to the same item. This situation occurs when 

corresponding information for matching records for items in datasets is insufficient; this means data fusion aims to link 

records on items with similar attributes, instead on distinguishing identifying characteristics, as in the record linkage. 

The basic idea of statistical file merging is to combine the sample file A with the other sample file B, drawn from two 

different surveys of a larger population, to obtain a new file C, containing all data items from the two data files. 
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The problem is formalized through a mathematical model proposed in1,2 and is described within a network transportation 

framework. The proposed model considers that the sample files A and B (having an unequal number of records) are 

weighted samples, i.e. each record of the two files includes a weight representing the number of items (population units) 

it represents. According to the transportation model, the records to be merged represent the nodes of the transportation 

network, the weights of the records represent the supply/demands values associated with the nodes of the network and 

the weight of the merged record i of file A with record j of file B represent the flow on arc (i,j). The records are matched 

according to a distance measure, calculated based on a comparison of the corresponding common (shared) record 

attributes; these represent the cost coefficients of the transportation model. 

 
Results 
This study presents a Genetic Algorithm with an enhanced initial population, hybridized with a fuzzy logic strategy for 

tuning the probability of the crossover operator. 

Different combinations of the input parameters’ values of a Genetic Algorithm lead to different results in obtaining the 

best solution of the respective problem. This is because the optimal setting of these parameters has a direct influence on 

the exploration-exploitation balance, which, in turn, directly determines the behavior of the Genetic Algorithm. For this 

purpose, an adaptive Genetic Algorithm based on fuzzy logic controller, which dynamically calibrates the crossover 

rates, is able to guide the search to improve the efficiency of the algorithm. This fuzzy controller system based on 

knowledge achieved through the search guarantees a high genetic variability in the first stages of the evolutionary 

process, followed by a high exploitation of the promising solutions, in the last stages of the algorithm. 

Initial population seeding is based on a Greedy strategy, described in3, for creating an efficient starting population, with 

high fitness scores. This approach successively pairs a record from the first file with an unmatched record in the second 

file to obtain the lowest distance cost from it. Different experimental results in literature have demonstrated that the 

quality of the initial population influences the convergence rapidity and/or the quality of final solution, based on the 

same number of iterations3,4. 

First, the algorithm was run on an 8 x 16 - test instance5. Comparing the performances of the GA with Greedy initial 

population versus the GA with random initial population, the conclusion was that the Greedy strategy for creating the 

initial population leads to a better performance of the algorithm, regarding the best solution obtained and the number of 

iterations needed to achieve it. Afterwards, the algorithm was tested on large-scale instances to analyse both its 

efficiency and scalability: first instance consisting of two files with 50 and 100 records, respectively and the second one 

consisting of two files with 300 and 300 records, respectively.  

The conclusion was that the algorithm performs well in practice and is scalable to datasets of larger size. A future 

extension of this study will consider the analysis of the quality of the integrated data, according to the variables selected 

as key matching common variables. This will enhance the practical utility of this research. 
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Summary:  
In this article we propose a feasibility study about the use of an optimization electrical energy program for a container 
ship in order to make the best choice of making a hybrid system. In order to design and choose the best components of a 
hybrid system formed from some conventional sources of energy and one unconventional source1, we used an 
optimization software called HOMER (Hybrid Optimization Model for Electric Renewable)2. We consider a hybrid 
system installed on a container ship, formed from 3 conventional power sources and a green energy source, a project of 
15 years availability duration3. One of the major requirements of such an energy system is to ensure a continuous flow of 
energy, by storing in batteries the excess of energy from the renewable energy source. Since the performance of an 
autonomous energy system is highly dependent on environmental conditions, an analysis specific to a particular place 
requires the investigation of the associated costs, the size of the component elements and the global economy. 
 

Motivation 
In this study, the average energy consumption of the ship per hour was taken by approximating the measurements 
recorded over a period of several days. As a potential source of green energy, we used the Flettner balloon. We had to 
input some main information like: load, Diesel generators type4, green energy device- Flettner balloon, accumulators, 
power convector type, control system program. Like green energy source we will use wind energy. For capturing wind 
energy we will install a Flettner balloon above the vessel, anchored with some lines. It has some wind stabilizers which 
help him maintain his position. The maximum power the Flettner balloon can generate is 1000 kW at a speed of wind of 
15m/s. For energy storage we will use five accumulators of 1000 kW capacity each. The autonomy of the accumulators 
is 64 hours. The role of the power converter is to convert the direct current (DC) generated by the Flettner rotor into 
alternative current (AC). For this reason we have selected a converter of 1500 kW capacity (Eaton Power Xpert). We 
have used a software which can simulate a big variety of parameters such as: fuel cost at a specific time, wind speed per 
day, generator loading, total costs of investitions, fuel consumed, operating hours. By using optimization modeling 
software we have compared different combinations of components sizes and quantities, calculate cost effectiveness, the 
cost of installing and operating different system designs for a period of 15 years. As a result we demonstrated that 
Flettner balloon used on our container ship which is situated in Black Sea, can cover 99.2% of the energy needed during 
one year. 
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Summary: 
Life form entities have perfected over time ways to survive either by improving collaborative methods               
between individuals or by specializing the individual so it can withstands the caprices of nature. Even                
at the cellular level we come into contact with methods which organisms have developed to organise                
and transmit information from different areas or organs towards the central nervous system, thus              
providing specialized algorithms for measuring, ordering and categorizing messages from cells using            
receptors, with the purpose of facilitating efficient and optimum decision making based on the              
received information. The scope of this paper is to explore methods in which we can identify and                 
replicate an organism’s native decision making algorithms based on things such as weighted             
collaborative voting. 
  
Motivation 
Scientists frequently discover algorithms in nature that can be applied to solve different computer              
science problems. When it comes to signal transmission and processing the most relevant example is               
the nervous system, more specifically the nervous ganglions which collect data from multiple sources,              
like cells or other ganglions, and decide if the signal should be forwarded or not[1]. Using the                 
mechanisms and logic behind the nervous ganglions as an example we want to replicate the natural                
decision making process using specific algorithms and weighted collaborative voting. 
  
Results 
The approach taken in this paper for mimicking the natural way our nervous system processes and                
transmits signals, was to apply a collaborative voting algorithm similar to the one reddit is using.                
Compared to currently used simpler versions of similar algorithms, used in platforms such as reddit               
comments, our algorithm resolves issues such as first vote bias, lack of support for weighted votes,                
gravity assessment based on vote density during the initial voting period etc. As seen in the below                 
graph the Reddit algorithm uses a logarithm function to weight the first votes higher than the rest                 
giving them a similar ranking: 
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Our algorithm provides a hierarchical organization based on the weight of each incoming signal and               
the number of signals received in a defined period of time, while not necessarily giving precedence to                 
the first received signals. 
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Summary:  
Image compression means to encode a primary sampled image in a secondary binary stream either to be stored in a 

minimum bit-space or transmitted remotely. Here we limit to storing using a compression algorithm based on redundancy 

reduction and irrelevancy removal. The huge amount of information conveyed by digital holograms or their retrieved 

amplitude-and-phase quantitative images (QAI, QPI) require modified storing techniques with respect to conventional 

image data. Starting from a holographic image, the study presents the comparison between the corresponding QPIs that 

are retrieved via two different sequences: 1) first reconstructing the phase image from the genuine hologram followed by 

compression-decompression of the image, and 2) first applying the compression-decompression algorithm on the genuine 

hologram followed by the reconstruction of the phase image. Note that in the two alternatives the algorithm is applied on 

objects from different spaces. The compression algorithm uses the wavelet transform (WT) as in Joint Picture Expert 

Group 2000 (JPEG2000) standard. The performances of the two alternatives are discussed in terms of root-mean square 

distance (RMSE) and compression ratio (CR). 

 

Motivation 
Holograms and their reconstructed, paired QPIs-QAIs in the image space carry accurate third-dimension information for 

high precision, automated processing applications like comparisons, recognition, identification, or counting1. Since in 

digital images the neighboring pixels are generally correlated, there is certain room to use lossless compression by 

removing redundancy via adequate transformations like Fourier, Cosine, Karhunen-Loève etc.  

 

Depending on the scope and the characteristics of the detector thereof, additional lossy compression can be 

performed by the help of techniques that neglect the less relevant features of the image2. Generally there are two main 

groups of images, one consisting in visual images, i.e. images for human eye interpretation, the other consisting in 

images for automated investigation where higher processing accuracy is mandatory (e.g. holograms, fingerprints) and the 

human vision might be even not necessary. Storing techniques for the first group exploit the human vision property to be 

sensitive rather to small variations in brightness over large areas than to the strength of high-frequency brightness 

variations3. Consequently the magnitudes of the higher frequency components are less relevant and can be stored with a 

lower accuracy than the low-frequency components. Accordingly, subjective measures like mean opinion scores are 

preferred to assess the picture quality. JPEG2000 was developed as commercial and versatile technique for such images.  

 

For the second group the details might be essential – especially when carrying true quantitative information – 

therefore the higher frequencies are useful as well as long as they are not coming from the background noise. So far there 

is no standardized compression technique for them even there are efforts to adapt JPEG2000 to direct compression of the 
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holograms4. In spite of the plethora of image quality metrics developed in the past few decades, the peak signal-to-noise 

ratio derived from the common RMSE remains the most suitable objective measure. For these reasons, this study presents 

an algorithm based on JPEG2000 principles5 applied on one hand onto the QPI reconstructed from hologram, and on the 

other hand directly onto the hologram itself.  

 

Results 
The holograms are produced using a Mach-Zehnder interferometer in “off-axis” configuration, transmission mode, 

suitable for transparent samples, and subsequently recorded on CCD camera. Fringe pattern can shape the amplitude and 

phase of an illuminating beam that would produce an image identically to the object originally acquired. Since this is a 

transparent one and therefore its visualization cannot be the ultimate scope, an alternative way is to numerically simulate 

the propagation of the electromagnetic field in a computerized reconstruction process. Reconstruction provides the 

numerical matrices QAI and QPI that can be stored and used as such for automated processes, or serve to stunningly 

visualize the intensity picture of the 2-dim object enriched with the perception of the depth dimension of the scene of the 

object. Here the objects are reconstructed with the help of KOALAR software. Except the holographic setup, the scheme 

of the study is presented in Fig.1. Since we are focusing on transparent samples, the QAIs have been discarded.   

Apart from the usual splitting of matrices in 8×8 blocks, the compression algorithm follows the main steps of 

JPEG2000 procedure: 1) value centering, 2) Wavelet transform (WT) of the hologram or QPI (Daubechies and Haar 

versions), 3) quantization with quantization matrix (QM), 4) rounding, in accordance with the multiplication coefficient 

(MC) associated to QM, and 5) binary encoding. The steps 2) and 5) proceed identically for both sequences.  

 

CR is evaluated as the initial (uncompressed) over the compressed (after step 5) memory size. For a LxLy image 

area, the comparisons between the pixelated phase image P(x,y) and its decompressed replica Pr(x,y) relies on RMSE 

formula: 

RMSE=√
1

𝐿𝑥𝐿𝑦
∑ |𝑃(𝑥, 𝑦) − 𝑃𝑟(𝑥, 𝑦)|

2
𝑥,𝑦 .                (1) 

 

 
Fig.1 Compression-decompression sequences of experimental work: QPI – quantitative phase images,  

CR – compression ratio, RMSE – root-mean square error  
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 The variation of CR and implicitly of RMSE are analyzed when modifying the QM elements and the associated MC. 

The stage 4) affects critically CR, whilst the stage 3) is a promising tool to improve the RMSE when using the direct 

hologram compression sequence. Since there is a trade-off between compression and RMSE, additional holograms were 

considered from open access data base6.  
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Summary: 
A new digital technique of objective differential diagnosis of the septic process severity was developed and tested 

experimentally by polarization-phase mapping of microscopic images of histological sections of the liver of laboratory rats 

based on statistical and information analysis of phase shift distributions. 

 

Motivation 
In matrix form, the transformation of the complex amplitude by an optically anisotropic biological layer can be written as 

the following equation 1 

 

    0UADPU  .                                                                         (1) 

 

Here  P  - polarizer Jones matrix;  D  - the Jones matrix of an optically uniaxial birefringent biological crystal;  A  - 

analyzer Jones matrix; 0U  - Jones vector of the incident laser wave; U  - Jones vector converted laser wave. 

Under these conditions, the expressions for partial vectors and Jones matrices take the form 
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The resulting Jones vector, taking into account expressions (1) and (2), is determined by the following equation 
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For direct experimental determination of the coordinate distribution of phase shifts  yx,  between orthogonal amplitude 

components at the points   yxr ,  of the laser image of the optically anisotropic layer, it was proposed [2] to place 

its sample between two crossed polarizing filters — quarter-wave plates and polarizers, the transmission planes of which 

are angles with axes of maximum speed +450 and - 450. 

The amplitude E  of the converted laser beam in such an experimental arrangement is determined by the equation 
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Here {} {2} – quarter-wave Johns matrices. 

The solution to the matrix equation (4) is the intensity value  I  at the point with the coordinates  yx,  of the laser 

image of the biological crystal 

 

   
2

sin 2

0
 IEEI   .                                                               (5) 

 

Results 
In fig. 1 shows phase maps (left column)) and histograms of the distribution of phase shifts (right column), determined for 

digital microscopic images of healthy (upper row) and patients (lower row) rats. 

 

 
Fig. 1. Phase maps and histograms of the distribution of the magnitude of phase shifts at the points of microscopic 

images of histological sections of the lung tissue of healthy and sick rats. 

 
The results of the statistical analysis of phase maps are shown in table 1. 

 

Table 1. Statistical parameters of phase maps of histological sections of lung tissue 

 

Groups  Group 1 Intact

 39n  

Group 2 

Sepsis (easy) 

 39n  

Group 2 

Sepsis (average) 

 39n  

Duration 0 hours 2.1 

(12 hours) 

2.2 

(48 hours) 

3.1 

(12 hours) 

3.2 

(48 hours) 

Average, S  1,39 0,067 1,12 0,047 0,94 0,041 0,75 0,032 0,62 0,027 

Dispersion, D  1,22 0,058 1,08 0,044 0,85 0,038 0,71 0,032 0,55 0,024 
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Asymmetry, A  0,91 0,041 1,19 0,052 1,31 0,062 1,52 0,071 1,71 0,083 

Excess, E  2,03 0,099 1,76 0,084 1,51 0,077 1,29 0,059 1,03 0,043 

 

1.  The central statistical moment of the 1st order:  

 the average group value of the average S  within the set of representative samples of “group 1 - group 4” rats 

decreases from 1.39 to 0.43; 

 intergroup differences - statistically significant (
41

p ,
32

p ,
43

p ,
42

p 0,05  ); 

2. The central statistical moment of the 2nd order:  

 the average group value  of the dispersion D  within the set of representative samples “group 1 - group 4” 

decreases from 1.22 to 0.36;  

 intergroup differences - statistically significant for all groups (
41

p ,
32

p ,
43

p ,
42

p 0,05  ); 

3.  The central statistical moment of the 3rd order:    

 the average group value of the asymmetry within the set of representative samples “group 1 - group 4” grows in 

the range from 0.91 to 2.01;  

 intergroup differences - statistically significant for all groups (
41

p ,
32

p ,
43

p ,
42

p 0,05  ) 

4. The central statistical moment of the 4th order:   : 

 the average group value of the excecss E  within the set of representative samples “group 1 - group 4” decreases 

from 2.03 to 0.83;  

 intergroup differences - statistically significant (
41

p ,
32

p ,
43

p ,
42

p 0,05  ). 

Table 2 presents the results of determining the balanced accuracy of the method of phase mapping of microscopic images 

of histological sections of the lung tissue of healthy and sick sepsis rats. 

 

Table 2. Balanced accuracy of differential diagnosis of sepsis severity by phase maps of histological sections  
of lung tissue 

 

Groups  “1 – (2,3,4)” “2-3” 

Average, S  79,5 76,9 

Dispersion, D  78,2 76,9 

Asymmetry, A  93,6 92,3 

Excess, E  91 92,3 

 

The following ranges of maximum balanced accuracy were identified: 

  intact - patients "1 - (2,3)" - excellent quality   %6,93%91. EAAc ; 

  easy - average grade "2-3" - excellent quality   %3,92. EAAc . 
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Summary: 
The results of a statistical analysis of the distributions of the number of characteristic values of the fourth parameter of the 

Stokes vector (crystallization parameter - CP) of the points of the digital vector-parametric microscopic image of 

histological sections of the spleen of healthy and sepsis rats are presented. We determined the statistical significance of 

differentiation of vector-parametric maps of the microscopic image of histological sections of rat spleens from control 

group 1 and research groups 2–4 with different severity of septic pathology. The most diagnostic-sensitive statistical 
criteria for differentiating vector-parametric maps of microscopic images of histological sections of the spleen are 

established. 

 

Motivation 
 Development and experimental testing of a new digital technique for objective differential diagnosis of septic severity by 

statistical analysis of vector-parametric polarization images of histological sections of the internal organs of laboratory 

rats. 

To establish diagnostic relationships between the data of the method of polarization vector-parametric mapping of 

microscopic images of histological sections of the internal organs of laboratory rats and septic changes, the following 
model scheme for the formation of vector-parametric images was used 1. 

The structure of the study of the polycrystalline component of biological preparations of internal organs and blood of rats 

in the differential diagnosis of the severity of the septic state using digital Stokes polarimetric microscopy consists of the 

following experimental and analytical actions 2: 

1.  Representative samples of histological sections of the internal organs of the following groups of rats are formed: 

 Intact rats - "control" group 1 (39); 

 Sick rats (sepsis - easy form) - "research" group 2:  

 duration 12 hours. (39 samples) - “research” subgroup 2.1;  

 duration 48 hours. (39 samples) - “research” subgroup 2.2;  

 Sick rats (sepsis - average form) - "research" group 3:  

 duration 12 hours. (39 samples) - “research” subgroup 3.1; 

 duration 48 hours. (39 samples) - “research” subgroup 3.2. 

 
2. Within each of the four groups for each sample of the biological product is carried out:  

 

 measurement of the coordinate distribution of the magnitude of the fourth parameter of the Stokes vector (crystallization 

parameter - CP) in pixels of a digital microscopic image; 

 determination of the distribution of the number of characteristic values 

          ;0;0,....,0,00 1214 mm NNNNSN   

 calculation of the set of statistical moments of the 1st – 2nd orders characterizing the average S  and dispersion D  of 

distributions           ;0;0,....,0,00 1214 mm NNNNSN  . 
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3.  For the obtained group sets (average S  and dispersion D ), average magnitudes and fluctuations of the statistical 

moments of the 1st – 2nd orders are determined.  

4.          For all groups of biological preparations, a cross-analysis of the statistical reliability of the data is performed and 

objective criteria for differential diagnosis of the presence of the septic process and its severity are determined by Stokes 

polarimetric microscopy. 

 
Results 
In a series of fragments of fig. 1 and fig.  2  shows the vector-parametric maps (fig. 1) and the distribution of the number 

of characteristic CP values (fig. 2), which are determined for digital microscopic images of histological sections of rat 

spleen from group 1. 

 
Fig. 1. Vector-parametric map (right side) of CP (left side)) of microscopic images of histological sections of rat spleen 

from group 1. 

Fig. 2. Vector-parametric map (fragment (1)) and distribution of the number of characteristic values (fragment (2)) of CP 

at the points of microscopic images of histological sections of the spleen of rats from group 1. 

 

Table 1. Statistical parameters of vector-parametric maps of microscopic images of histological sections of the spleen 

 

Groups  Group 1 Intact 

 39n  

Group 2 

Sepsis ( easy)  39n  

Group 3 

Sepsis (average) 

 39n  

Duration 0 hours 2.1 

(12 hours) 

2.2 

(48 hours) 

3.1 

(12 hours) 

3.2 

(48 hours) 

Average, S  101,3 2,67 75,2 1,45 56,9 1,04 44,7 0,81 28,1 0,62 

Dispersion, D  25,8 0,54 19,6 0,49 13,4 0,32 8,7 0,26 6,2 0,21 

 

Table 2 presents the results of determining the balanced accuracy of the method of vector-parametric polarization mapping 

of microscopic images of histological sections of the spleen of healthy and sick sepsis rats. 
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Table 2. Balanced accuracy of differential diagnosis of sepsis severity by vector-parametric maps of images of 

histological sections of the spleen 

 

Parameters  Balanced accuracy, ,%Ac  

Groups  “1 – (2,3,4)” “2-3” “2.1 – 2.2” “3.1-3.2” 

Average, S  96 93,6 94,8 90,7 

Dispersion, D  93,6 92,3 90,7 85,3 

 
The following ranges of maximum balanced accuracy of differential diagnostics were identified: 

  intact - patients "1 - (2,3,4)" - excellent quality diagnostic test %96%6,93 Ac ; 

 easy - average grade "2-3" - excellent quality diagnostic test %6,93%3,92 Ac ; 

 internal group easy degree "2.1 - 2.2" - excellent quality diagnostic test %8,94%7,90 Ac ; 

 internal group average degree "3.1 - 3.2" - excellent quality diagnostic test %7,90Ac ; 
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Summary: 
 

The properties of the two-dimensional (2D) magnetoexcitons in the GaAs-type quantum wells subjected to the action of 

a strong perpendicular magnetic field with the binding energy determined by the direct Coulomb electron-hole (e-h) 

interaction and with the summary e-h spin projections 1F    are discussed. Under the influence of the Coulomb 

exchange electron-hole interaction the new superposition states formed by the magnetoexcitons appear. The symmetric 

(asymmetric) state is allowed in the case of linear polarization with positive (negative) parity and is forbidden in the case 

of linear polarization with negative (positive) parity. These two symmetric and asymmetric superposition states revealed 

the quantum interference effects. The obtained optical results open the possibility to investigate the thermodynamic 

properties of the 2D Bose gas with Dirac cone dispersion law. 
 

1. Motivation 
 

The electrons have a simple spin structure with 1 2e

zs    and the heavy holes are characterized by the full angular 

momentum projections 3 2h

zj    or by the effective spin projections 1 2h

zs   . The magnetoexciton states discussed 

below are characterized by the e-h angular projections e h

z zF s j   with the four possible values 1  and 2.  Two of 

them with 1F    are spin allowed in optical quantum transitions giving rise to dipole-active, bright excitons in GaAs 

quantum wells (QWs), whereas the another two are spin forbidden, forming the dark states.  The two dipole-active bright 

magnetoexciton states with 1F    under the influence of the direct Coulomb e-h interaction have the coincident energy 

levels. Their degeneracy will be removed by the influence of the exchange e-h Coulomb interaction. First of all we will 

remember the influence of the exchange e-h Coulomb interaction in the case of the Wannier-Mott excitons. So the 1s 

exciton states of the yellow series in Cu2O crystal with electron and hole band structures characterized by the 
6Г
  and 

7Г
  irreducible representations correspondingly of the crystallographic group 

hO  are forming two energy levels. One of 

them is a non-degenerate para- exciton level described by the irreducible representation
2Г
 , and another one is the 

three-fold degenerate ortho- exciton energy level, the states of which are forming the irreducible representation 
5Г
  

following the product of two band representations 
6 7 2 5Г Г Г Г      . 

In difference on the 3D Cu2O crystal the 2D GaAs-type quantum wells (QWs) has the 2D crystallographic symmetry 

group, the irreducible representations of which have maximum only the  two-fold degeneracy. The four spin states of the 

e-h pair are forming one twice degenerate energy level 1F    of the dipole-active bright excitons and another one 

energy level with 2F    of the dark excitons, spin forbidden in optical band-to-band transitions. The states with 1F    
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 2 

are forming the para- and of the ortho- exciton states with 0zS   in Cu2O crystal. The Hamiltonian describing the 

electron-electron Coulomb interaction is deduced, taking into account the direct and the exchange terms. To this end 

electron density operator in coordinate representation ˆ( )r  was generalized. As usual it contained only the square 

moduli of the periodic parts of the electron Bloch wave functions in the conduction band 
2| ( ) |cU r  and in the valence 

band 2| ( ) |vU r . They describe the densities of the electron and of the hole electric charges localized inside the lattice unit 

cells, and give rise to the direct charge-charge Coulomb interaction. Side by side with them we have included also the 

mixt terms such as 
*( ) ( )c vU r U r and 

*( ) ( )v cU r U r  with different from zero interband dipole moments 0c v   . It 

happens only in the case of the dipole-active, bright excitons investigated below. The e-h exchange Coulomb interaction 

looks as the interaction of two dipoles. A new property of the 2D magnetoexciton is the interdependence between the 

center-of-mass and the relative e-h motions induced by the action of the Lorentz force. This interdependence happens to 

play an important role promoting to the formation of the Dirac cone dispersion law under the influence of the exchange 

e-h Coulomb interaction. The main new results are related with the appearance of the non-parabolic Dirac cone-type 

dependence of the energy spectrum on the wave vector | |k , as well as with the new type selection rules describing the 

optical quantum transition from the ground state of the crystal in the bright magnetoexciton states. 

 

2. Results 
 

The symmetric magnetoexciton state due to the exchange e-h Coulomb interaction acquires a Dirac cone dispersion law 

in the range of small in-plane wave vectors with the group velocity 
gv  proportional to the magnetic field strength B, with 

equal probabilities of the quantum transitions from the ground state of the crystal in both light circular polarizations but 

with maximum probability in the Faraday geometry of the light propagation and vanishing probability in the Voigt one. 

In difference on it, the asymmetric superposition state remains with the usual dispersion law inherited from the bare 

magnetoexciton states and has a dipole-active quantum transitions in both circular polarizations, indifferent on the 

direction of the light propagation. When the light is arbitrary propagating in 3D space, the symmetric superposition state 

is dipole active in the case of the linear polarization vector 
k

s  with the longitudinal projection on the 2D exciton in-plane 

wave vector 
||k  and is forbidden in the linear light polarization with the vector 

k
t , which has a transverse projection on 

||k . In the case of the circular polarizations the probability of quantum transition is proportional to 2 2/ | |zk k , and the 

probability is different from zero when the incident light has perpendicular projection to the layer. The asymmetric 

superposition state is dipole active in the linear polarization vector 
k

t  with transverse projection as regards the in-plane 

exciton wave vector, is forbidden in the 
k

s  polarization vector and does not depend on the light orientation. The case of 

2D magnetoexcitons [1] is similar with the quantum transitions in the excitons states of the transition metal 

dichalcogenides monolayers [2]. This marvelous property was firstly discussed and underlined by the authors of 

theoretical and experimental investigations published in the Ref. [2]. The both symmetric and asymmetric superposition 

states with the interference effects in the case of the light with two linear polarizations, which have different parities as 

regards the inversion of the light wave vector k  were revealed. The result was obtained by applying the perturbation 

theory of a degenerate energy level [3]. In such a way the symmetric (asymmetric) state is allowed in the case of linear 

polarization with positive (negative) parity and is forbidden in the case of linear polarization with negative (positive) 

parity. The obtained optical results open the possibility to investigate the thermodynamic properties of the 2D Bose gas 

with Dirac cone dispersion law. 
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Summary:  
The biofouling prevention methods is a new research area. This paper presents a study of biofilm evolution (microbiota) 

on different surfaces monitoring different parameters. For this research, the tests are achieved on samples as naval steel 

painted with different antifouling paints, and liquid wood samples introduced on the dynamic marine water. The main 

parameters observed during the test are water temperature and flow. The microfouling samples are observed under 

epifluorescence microscopy and quantification of biofilm using specific software. Using MATLAB software we develop 

the prediction methods for biofouling prevention using the environmental parameter. The test system use the two boxes 

placed on the different higher, using an acquisition card the sensors data are sent to the computer for analysis. 

 
Motivation 
Many underwater systems have problems with biofouling deposition. This biofouling growth on the body of the ship 

slows ship speed and leads to the early aging of the material [1]. Nowadays, the mankind tries to replace the materials 

that are hard biodegradable with some that come from recycling systems; a proposal would be the replacement of plastic 

with liquid wood which has antimicrobial properties by the presence in its composition of the lignin [2,3]. We want to 

develop some methods to combat this deposition function of the materials. The first step is to identify the parameters 

which contribute of this process. 

 
Results 
The monitoring system are presented in Fig.1. The bloc diagram present the electronic system has a Arduino as 

acquisition and control board, a sensors level, temperature and flowmeter sensors and a pump for dynamic water system. 

 

 

 
 Fig.1.The monitoring system  

 

The system is made of two mini-pools at a height of 50 cm from each other. The water rises into the upper container 

through a pump and then drops back into the bottom container through a hose. There is also a flow meter and a 

temperature sensor to monitor the parameters experimental. To begin, it was first necessary to position the different 

elements. The flowmeter was therefore fixed on the pipe connecting the two basins, with the flow of water from top 

to bottom. The temperature sensor, him was not fixed, but put in water at each acquisition. After positioning the 

various elements, it was necessary to connect them to an Arduino board in order to be able to extract the value of the 
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various parameters such as the temperature, the flow rate or, subsequently, the flow velocity of the water. The 

evolution of microbiota is presented in Fig.2 based on the working protocols developed in previous studies [4]. 

 

 
 

Fig.2. The evolution of microbiota on the material  
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Summary:  
Al doped ZnO (AZO) thin films (1-10 layers) were deposited on silicon and glass substrates by sol-gel & dipping 

method. The as-prepared films were thermally treated 1 h at 500ºC and characterized by appropriate methods as: 

X-Ray Diffraction (XRD), Atomic Force Microscopy (AFM), Spectroscopic Ellipsometry (SE), Photoluminescence 

spectroscopy (PL), Hall Effect measurements, Piezoelectric Measurements (PM). 

 

Motivation 
The ZnO is very attractive semiconductor material which exhibits a hexagonal wurtzite structure, with wide band gap, 

and high transparency in the visible region. Due to these properties ZnO is a promising material used for fabrication of 

microelectronic and optoelectronic devices comparable with indium tin oxide. 

The AZO thin films obtained is transparent with low electrical resistivity and excellent chemical stability.  

The obtained AZO films present interest as highly effective piezoelectric materials (d33) by Piezoelectric Measurements. 

By sol-gel method are obtain nanostructurated oxide films with thickness of nanometric scale, controlled stoichiometry, 

reproducibility and uniformity on extended surfaces. 

 

Results 
Al doped Zinc oxide thin films (multilayer) have been deposited onto glass and Si substrates by a sol-gel dipping method. 

The starting solution was prepared Zinc acetate dihydrate-Zn (CH3COO)2 x 2H2O (ZAD), Aluminum nitrate nonahydrate 

Al(NO3)3 x 9H2O (ANN), absolute ethyl alcohol-CH3CH2OH and triethanolamine-N(CH2-CH2OH) (TEA). Zinc and 

Aluminum solutions of 0.1 M and were obtained by dissolving of ZAD and ANN into absolute ethyl alcohol. 

Zinc acetate solution was stirred at 60˚C for 15 minutes then TEA was slowly added drop wise in molar ratio of 

TEA/ZAD=1/5. The Al-Zn-sol was obtained by adding the appropriate quantity of ANN solution to the zinc acetate 

solution, so that finally represents 0.5% aluminum atoms in the Al-Zn mixture.  

The thermal treatment of the deposited films was realized at 500˚C for 5 min. with a heating rate of 5 ºC/min. For 

multilayer coatings (up to 10 layers) after each deposition the same thermal treatment was applied. All samples were 

additionally annealed at 500˚C for 1 hour. 
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The electrical, optical and structural properties of AZO thin films were investigated. The thickness, optical (dielectric) 

constants, optical band gap (Eg), transmittance and photon mode of AZO films was measured by spectroscopic 

ellipsometry on a large spectral range (UV-vis-NIR and Mid-IR rang). The film has high transmittance above 80%. The 

electrical characteristics regarding conductivity, mobility and carrier concentrations, was measured by using Hall Effect 

measurements (van der Pauw method). The AZO 10 layers films deposited on glass and Si substrate carrier 

concentrations was 1.28x10
19

 cm
-3

 respectively 2.91x10
19

 cm
-3

. 

X-Ray diffraction measurements showed that the AZO films were polycrystalline with a hexagonal wurtzite structure. 

The morphological properties of the films were analyzed by atomic force microscopy (AFM). AFM observations 

demonstrated a complete coating of the substrates, without defects in forms of cracks or exfoliations. More homogeneous 

AZO films were obtained on glass substrate, with a uniform morphology consisting in quasi-spherical shaped particles, 

having a mean diameter of 30 nm. The RMS roughness of the coatings with 10 layers were found to be around 13 nm for 

the films deposited on Silicon and around 3 nm for the films deposited on glass. 

Defects due to oxygen vacancies in the prepared AZO films were evidenced by photoluminescence spectroscopy (PL) 

and depend on the number of depositions and type of substrate. 

Piezoelectric measurements (PM) were performed on the AZO thin films in order to evaluate the dielectric capacitance 

(C), the dielectric loss (Tan δ) and the d33 coefficient, which represent the charge per unit force in the direction of 

polarization.  
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Fig. 1 The experimental and simulated spectra of the ellipsometric parameters (ψ and Δ) for 5 layers AZO deposited 

on Si 
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Summary 

We describe a physical random number generator based on the intrinsic randomness of quantum mechanics. Here we 

present a simple method to produce and analyze random numbers using a source of photon pairs. We generate random 

bits from the coincidence rates of photon pairs. 

Motivation 

Random numbers play a key role in many areas, such as statistical analysis, computer simulations, cryptography [1] 

and even in computer games. There are two types of random number generators: (i) pseudo-random number 

generators (PRNGs), based on mathematical algorithms which approximate the behavior of randomness and (ii) true-

random number generators (TRNGs), which use the behavior of a physical process. Exemples of such physical 

processes are: Johnson's noise, Zener noise, radioactive decay, photon path splitting at the beam splitter etc. [2] 

Quantum physics can be exploited to generate true random numbers, which have important roles in many applications, 

especially in cryptography [3]. In quantum mechanics, a system can be prepared in a superposition of the basis states. 

The measurement outcome of a quantum state in superposition is intrinsically random. In the last few years there has 

been a large number of proposals, experiments, improvements and theoretical results in randomness certifications of 

QRNGs. 

 

 

FIG. 1. Block diagram of a typical physical random generator. FIG.2. The entropy source: 1. pump laser (405 nm), 2. 

HWP 3. BBO crystal, 4. photon pairs (810 nm), 5. & 6. 

polarizers, 7. & 8. filters with optical fibres, 9. control and 

analysis module with APD detectors. 
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Our experiment contains a source of entangled photons based on spontaneous parametric down conversion (SPDC). 

SPDC generates balanced HH and VV pairs [4] and is the physical process behind the entropy source. 

 

Results 

In our experiments we used the quTools module (quED) which consists of: (i) a 405nm pump laser; (ii) two 

orthogonally-mounted BBO crystals for type-I SPDC; (iii) a lens to focus the laser on the BBO crystals, (iv) a half-

wave plate for pumping the crystals at 45; (v) polarizers and filters before the avalanche photodiode detectors (APD) 

and (vi) a control module [4]. 

For the characterization of the quED entangled photons source we tested Bell-CHSH violation [5] and we computed 

the entanglement visibility. For the maximal total violation for two photons (measurement angles of 0, 45, 22.5 and 

67.5) we obtain |S|>2. If we remove the half wave-plate before the BBO crystal, the generated photons are no longer 

entangled and they satisfy Bell-CHSH inequality, |S|<2. The coincidence rate of the polarization entangled photons 

follows a Poissonian distribution and we consider that our physical system is a resource of randomness. The raw bits 

are obtained by converting the data from decimal to binary. We computed Shannon entropy [6] which gives the average 

number of bits we can extract from a single outcome. In the postprocessing step we used two methods to extract a 

uniform random sequance: von Neumann (vN) extractor [7] and slow-clock method [8]. 

In order to check the randomness of the output we applied different tests: frecquency, runs, spectral and 

autocorrelation. The results did not reveal any deviation from a uniform random source. 

We repeat this procedure for different source parameters: laser current, integration time, polarizers angles and we 

compare the results. 

 

FIG.3. Slow-clock method: The integration time is 

constant, generating random number that equals the 

number of detections during the period. 
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Summary: 
The networks created on the basis of the IP protocol have become more and more interesting for users and 

network operators/service providers, in terms of their possibilities to support the most diverse communications 

applications. This perspective is also reinforced by the experience gained over the long period of use of the most 

widespread public IP network, the Internet, which has proven that it can successfully support/implement/develop the most 

diverse applications through this technology. Thus, in addition to the traditional, native applications of IP-based networks, 

those supporting data transmission of any kind, this kind of networks have started to be used more and more often for 

voice communications (VoIP, IP-based telephony) and video (videophone, video conference, etc.). More than that, IP 

networks have started to implement remote control and control applications, and the development of communication 

security technologies has even allowed the realization of transactional applications that involve the transmission of secrets 

through the environment represented by public IP-based networks (electronic trade, online banking applications, electronic 

voting through public IP networks, etc.). 

It presents the key factors that influence the quality of the service, as perceived by the user (the delay introduced 

by the network when transporting IP packets, the delay variation, the loss of information), also stating the performance 

requirements of various telecommunication applications that can be supported by public IP-based networks (audio 

applications, video applications, data applications, non-interactive applications). Performance targets are also presented 

here which, once achieved, allow the support, under quality conditions, of various types of applications. 

 

Motivation 
The quality of the service offered to the users/subscribers is supported by the network performance. According to 

the recommendation ITU-T E.800 [1], network performance is defined as "the ability of a network or part of a network to 

provide the functions required for communications between users." 

From the point of view of the user/subscriber, the requirements regarding the quality of the service are represented 

by a statement regarding the quality level of a particular service, the preferred level of user/subscriber. The quality level 

can be expressed by the user/subscriber in technical or non-technical terms. The user/subscriber is not concerned with how 

the service is provided nor with the issues related to the internal configuration of the network. It is concerned only with 

the quality of the service, for end-to-end communication. 

From the point of view of the user/subscriber [5], the quality of the service is expressed by parameters that: 

 it focuses on the effects that can be perceived by the user/subscriber and not on the causes (which have their origin 

within the network) of these effects; 

 do not depend, when defining the quality of the service, on the assumptions regarding the internal configuration 

of the network; 

 take into account all aspects of the service, from the point of view of the subscriber/user; 

 can be provided/secured to the user/subscriber by one or more service providers; 

 they are described in terms that do not take into account the network and generate a common language, which 

can be understood by both the user/subscriber and the service provider. 

The four distinct points of view on the quality of service can be related as in a diagram shown in figure 1 [3], [5]. 
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In situations where the service provider is also a network provider, in the latter position he also assumes 

responsibilities regarding the quality of the service. The entities "service provider" and "network provider" were separated 

in figure 1, to make it easier to illustrate all possible relationships. 

 
Figure 1: Relations between the different points of view on the quality of service 

 

Results 
According to the identified performance requirements, a classification of the various applications can be made 

according to the criteria regarding the packet losses and the delay in one direction of transmission (figure 2). 

 
Figure.2: QoS requirements of users 

 

It can be seen that applications are classified into eight groups, which cover all domains. This grouping 

represents a primary segregation of applications, depending on how they tolerate the loss of information, in four areas of 

the values that delays can take (four fields of delay tolerance). 
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Summary:  
In this paper we propose the development of doped yttrium oxide nanoparticles in order to integrate them in applications 
in the field of biotechnologies. The co-precipitation process for the synthesis of Y2O3 based nanoparticles follows two 
main steps: (1) synthesis of the precursor in solution and (2) thermal treatment in solid phase, at 900 ℃. Basically, 
obtaining the precursor involves using a basic solution consisting of water, DMSO, surfactants and an ammonia solution. 
To this solution is urea and a mixture of nitrates of the cations of interest are simultaneously added. By characterization 
of powders by X-ray diffraction, FTIR and EDX spectroscopy we set out to the structural analysis of the yttrium-based 
materials. The type of atoms in the molecule, the chemical bonds, crystalline structure and the purity of the material were 
determined. The demonstration of the applicative capacity in the biomedical field has been studied both from the 
morphological point of view using SEM, as well as in point of the optical properties by photoluminescence spectrometry. 
 
Motivation: 
Current biomedical research focuses on the need for early diagnosis, as well as the development of minimally invasive, 
more efficient, less toxic and faster response techniques. The advances in the field of nanotechnologies have allowed to 
obtain nanomaterials with optical, electrical and magnetic characteristics adjustable by controlling the size, shape, 
structure, surface chemistry and physical-chemical properties, thus making it possible to increase the selectivity and the 
space-time control during the treatment. The luminescent properties of yttrium oxide nanoparticles can be the basis of a 
wide range of biomedical applications, such as: biomarkery for cancer diagnosis, cancer therapy, fluorescence imaging, 
magnetic resonance imaging, and drug delivery. Modification of inorganic nanoparticles is necessary to specifically 
target a desired biological function, in this context Y2O3 is a material that has proven useful in bimodal fluorescence and 
magnetic resonance imaging of tumor cells both as a result of doping (with  Eu3+, Yb3+, Pr3+, Tb3+, Tm3+,  Gd3+) as well 
as surface modification. For biotechnological applications, particle size is particularly important. From the point of view 
of long residence time of the nanoparticles in the blood vessels, a particle size between about 10 and 200 nm is required, 
because the particles with a diameter larger than 200 nm are accumulated in the Kupffer cells of the liver and smaller 
than 10 nm raises kidney problems. As to cancer, particles smaller than 200 nm passively target tumors due to the 
increased permeability and retention effect.  
The area of application of these nanomaterials can be extended in emissive optoelectronics, the oxide being used as red 
phosphor to generate white light by excitation in the UV of a mixture of phosphors, or in the aerospace for high 
temperature protection [1-3]. 
 
Results 
It was found that yttrium oxide (Y2O3) is a crystalline compound with cubic structure belonging to the space group Ia3. 
By doping Y2O3 it acquires remarkable physico-chemical properties allowing the absorption of IR/UV radiation and the 
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conversion, leading to a visible emission, as a result of the excitation in stages between the discrete energy levels of the 
rare earth ions. As regards morphology, the nanostructure of the developed oxide was obtained and an average size of 40 
nm was estimated (figure 1).  
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Figure 1:  SEM micrograph of doped Y2O3 obtained by 

the co-precipitation method 
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SUMMARY: 

 
This paper presents a modeling of heat transfer through the vaporization zone to flat micro heat pipe, when using as an 

additional reservoir of liquid polysynthetic material. The variation of the thermal flow in cross-section on the evaporator, 

and the variation of the flow of fluid through the capillary layers in the evaporator shall be analyzed. Heating the 

vaporization zone by thermal conduction causes capillary starts composed of the vaporization zone to create liquid vapor. 

Heat transfer from the inside of the flat micro heat pipe (FMHP) will be conventionally carried out. Modeling in Matlab 

will highlight the temperature variation over time on the vaporizer wall, as well as the propagation of the temperature 

field. 

 

1. MOTIVATION 

 

The study of heat transfer in the vaporization zone by composite capillary layers is analyzed as a compromise between 

the degree of permeability and pore size. Porous capillary layers can be classified into: low performance capillary layers 

at which pore sizes are between 80÷150µm, and high performance capillary layers at which pore sizes are between 

30÷80µm. In the case of heat transfer through micro heat pipe, the working fluid inside will undergo biphasic 

transformations. The liquid diffused in the capillary start made of copper and polysynthetic material, by heating, 

produces vapors that will transfer the thermal flow through the inside of the flat micro heat pipe to the end where the 

condensation takes place, thus eliminating the thermal flow to the ambient environment. The inner capillary layers 

according to W. W. Wits, and so on.a. [1], must be so chosen as to allow the fluid to move only by the input of adhesion 

forces which may create a higher capillary pressure inside the FMHP. As shown in figure 1 the heat will propagate by 

conduction, on directions x and z, from the warm source (characterized by heat flow) through the FMHP walls and 

sintered capillary layer of (SCL) copper. From the SCL the heat is conventionally transmitted to the working fluid. The 

working fluid from the capacitor turns into vapor (evaporator area) that will flow in the opposite direction of its 

movement.   

 
Fig.1. Representation of a section through the FMHP wall with SCL. 

Figure 1 shows the arrangement of the sintered copper capillary layer over the inner wall of the FMHP. We consider that 

the square surface on which the heating resistance of the vaporization zone is located has the side l = 10mm.  
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The equation of conductive heat transfer on directions y, z, for the wall section of the considered FMHP, for transient, 

two-way mode is:   

 
2 2

Cu p,Cu Cu 2 2

T T T
c .

t y z
 

   
  

   

  (1) 

Integrating the differential equation after time and the “ l " side of the zone subjected to the transient two-dimensional 

heat transfer on which the thermal flow is applied, we obtain: 

 
l t t l t t l t t

Cu p,Cu Cu

0 t 0 t 0 t

T T T
c dx dt dx dt dz dt .

t y y z z



 
         

     
       

        (2) 

   
2. RESULTS 

 
The variation of the temperature field lines after the two directions y and z highlights the heating mode of the 

vaporization zone. To perform the modeling of the variation of the temperature field lines were considered the values 

what will be contained in a table of values. Figure 2 shows the result of Matlab [2] modeling of heat transfer in the 

vaporization zone, in a transient, two-way mode, when applying a thermal flow of 20W on an area of 1·10
-4

m
2
. 

 
a) t=60s         b)   t=180s 

Fig.2. Modeling the temperature field in the area of the warm source. 
  

Modeling of heat transfer in the hot source area of FMHP shown in figure 2, Tini = 20°C and a pre-set maximum 

temperature Tfin=80°C. After a time t=60s, the temperature field lines show a circular shape (figure 2-a), and at t=180s 

these or increased forward to the outside of the area (figure 2-b). Of the two figures 2.a-b is observed as the temperature 

field lines evolve over time. 
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SUMMARY: 

 
This article presents the experimental results obtained for the case when the condensation area of a flat micro heat pipe 

(FMHP) is cooled by forced convection using the inverted Seebeck effect (peltier mode). Research shows the cooling 

zone of the condenser, through the use of forced air-cooled, using a peltier powered from a dc source. Experimental 

highlights the contribution of the phenomenon of forced convection with artificially cooled air, for cases when FMHP 

would have to work at temperatures close to the occurrence of thermal blockage. The temperature values at the FMHP 

surface were taken over by means of thermocouples and a data-logger and the variation graphs were traced. In this way 

the possibility of transporting higher thermal flows through the FMHP is highlighted, than in the case when it is cooled 

classically. 

 

1. MOTIVATION 

 

In order to perform the experimental determinations regarding the cooling of the condensation area at a micro-flat 

thermal tube, an experimental stand will be made containing the elements presented in figure 1. On the vaporization zone 

of the FMHP a constant thermal flux at t=1s is applied [1]. Heating the vaporization zone produces a vaporization of the 

liquid inside the FMHP. The displacement of the vapors through the FMHP will cause the condensation area to warm up. 

The experimental determinations will highlight the temperature change on the FMHP surface. Temperature variation will 

be monitored by mounting 9 thermocouples that will record temperature variations in the following areas: two 

thermocouples will be mounted on the FMHP vaporization area, three thermocouples on the adiabatic area, three 

thermocouples on the condensation area and one thermocouple on the radiator mounted on the cold side of the peltier 

module [2]. 

   
Fig.1. Condensation zone cooling by inverted Seebeck effect 

1- Flat micro heat pipe, 2 – radiator mounted on the cold side of the peltier module, 3 – fan mounted on the radiator on 

the cold side of the peltier module, 4 – radiator mounted on the condensation area to the flat micro heat pipe, 5 – peltier 

module, 6 – radiator mounted on the warm side of the peltier module, 7 – fan for forced removal of heat from the radiator 

mounted on the warm side of the peltier module. 
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As can be seen from figure 1, the peltier module used for forced cooling of the vaporization zone, has a radiator and a fan 

mounted on the cold side. On the warm side of the module there is also mounted a radiator and a fan that are designed to 

dissipate heat produced in the ambient environment. Heat dissipation produced by the warm part of the peltier module 

plays an important role in lowering the temperature as much as possible on the cold side. 

   
2. RESULTS 

 
The experimental results show the temperature variations on the flat micro-tube areas as well as on the radiator mounted 

on the cold side of the peltier module. The obtained data were represented graphically in figure 2. As can be seen on 

graphic thermocouple mounted on the radiator of the Cold part of the peltier module up to t2=131s, records an average 

temperature of T1=26.5°C. During this time the peltier module is not powered temperature of the monitored radiator with 

ambient temperature. The other 8 curves on graphic capture the variation of temperatures on the FMHP zones from t1 = 11s 

since the heating of the vaporization zone began. Temperatures on all monitored areas have a steady increase. At 

t2=131s, the power to the peltier module is started, but the cooler-mounted radiator fan remains switched off. The 

cooling of the FMHP condensation area shall be carried out in crest time by normal convection through its own radiator.  

At T3=290s on the radiator on the cold side of the module, the temperature of T2 = 2,3°C. Between t3=290s and T4=351s 

the heat balance of the radiator of the Cold part is reached. Also at t4=351s the thermal balance is reached on the FMHP 

zones, on the vaporization zone T3=96.5°C. 

 

 

Fig.2. Temperature variation on the three areas of FMHP and on the inverted effect seebeck cooled radiator. 
  

After reaching the thermal balance, the radiator fan mounted on the cold side of the peltier module is turned on at 

T4=351s. from the graph shown in figure 2, a slight increase in temperature is observed on the radiator of the cold side, 

and up to t5=410s heat balance is again reached at T4=8.45°C. on the condensation area of the radiator of the cooling part 

as well as the condensation area of the FMHP increase. 
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Summary:  
The suitability of two photopyroelectric (PPE) methods in measuring the thermal effusivity of porous solids is described. 

The main characteristic of both methods, associated with the possibility of investigating porous solids, is the absence of 

coupling fluid between the pyroelectric sensor and sample. The first method [1] is using the front detection configuration 

with opaque pyroelectric sensor and thermally thick sample. Based on the frequency scan of the phase of the PPE signal, 

this method leads to the direct measurement of the sample’s thermal effusivity, by performing a fit of the experimental 

data (phase vs. modulation frequency) with  three fitting parameters: sample’s thermal effusivity, heat losses by 

convection and radiation and air gap between sensor and sample. The second method [2] is based on two successive 

measurements, one in back and one in front PPE configuration, followed by a self-normalization of the phase vs. 

modulation frequency behaviors. The method uses transparent pyroelectric sensors and the result allows the direct 

measurement of sample’s thermal diffusivity at high frequencies and sample’s thermal effusivity in the low frequency 

regime. Some applications on porous solids are presented. 

 
Motivation 
In a photopyroelectric (PPE) calorimetry, a sample is irradiated with an optical beam and the heat, generated in the 

sample by the absorption of radiation, is measured with a pyroelectric sensor in good thermal contact with the sample. 

Usually, the back detection configuration (BPPE) (in which the sample is directly irradiated and the sensor is in a back 

position) showed to be able to measure sample’s thermal diffusivity and the front photopyroelectric (FPPE) configuration 

(in which the pyroelectric sensor is directly irradiated and the sample is in a back position) was used to directly measure 

sample’s thermal effusivity. The thermal effusivity represents the measure of the material's capacity to exchange thermal 

energy with its surroundings (very important parameter for heat transfer in non-stationary conditions). Until now the 

FPPE configuration, using a liquid as a ‘coupling fluid’, was successfully used for thermal effusivity measurements of 

non-porous solids, but it proved to be useless in its present form for investigations of porous samples, because the 

coupling fluid penetrates inside the sample leading to altered results. 

This is why we propose in this paper two PPE methods able to directly measure the thermal effusivity of porous 

materials, using air as a coupling fluid between sample and sensor. In such a way there is no penetration of the coupling 

fluid (liquid) in the porous material and consequently, we expect correct results for the values of the thermal effusivity. 

The first method makes use of a direct irradiated (FPPE configuration) opaque pyroelectric sensor, separated by an 

air gap from the thermally thick sample. The complex FPPE signal obtained by solving the system of thermal diffusion 

equations is given by:                                       

  

                                                                                           (1) 

where standard notation have been used [1]. An analysis of Eq. (1) indicates that the behavior of the phase of the FPPE 

signal as a function of modulation frequency of incident radiation leads to the direct measurement of the sample’s 

thermal effusivity, via a fit of the experimental data with three fitting parameters: (i) sample’s thermal effusivity, (ii) heat 

losses by convection and radiation and (iii) air gap between sensor and sample. The main problem associated with this 
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method is to find the frequency range for which these three fitting parameters are independent, in order to avoid the 

degeneracy of the solutions. 

 The second method is based on a set of two  measurements, one in back and one in front PPE configuration, 

followed by a self-normalization of the phase vs. modulation frequency behaviors. The method uses transparent 

pyroelectric sensors and the result allows the direct measurement of sample’s effusivity in the low frequency regime, 

provided the value of the thermal diffusivity was already obtained in the high frequency regime. In this method, the phase 

of the normalized PPE signal is given by: 

 

 
                                                                                                                                           (2) 

where standard notations have been used [2]. Eq. (2) indicates that the second term, associated with the phase behaviour 

at low modulation frequencies, depends only on one unknown thermal parameter, sample’s thermal effusivity, being 

independent of the thermal properties of the sensor or coupling fluid. 

Results 
Some results obtained by using the previous described methods are displayed in Fig. 1. 

(a)                                                                             (b) 

 
Fig1. (a) The behaviour of the phase of the FPPE signal, together with the normalization for some building material (porous brick) as 

obtained by the first method; (b) The best fit performed by using the second method for the self-normalized phase for porous graphite. 

 
As a general conclusion, both methods showed to be suitable to investigate porous solids. The values obtained for the 

thermal effusivity are in agreement with literature data. 
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Summary:  
Electroporation-based (EP) techniques have diversified due to EP capacity to increase cells membrane permeability for 

selective transfer of substances. Numerical study of EP performed in realistic conditions (electric field distribution, cell 

shape etc.) represent an useful analysis method which can complement the experimental investigations by opening 

insights and providing quantitative data. Here, we introduce a cell model built by digital reconstruction of phase images 

(PI) from an experimental image acquired in a holographic microscopy setup of living attached B16F10 murine 

melanoma cells. Our procedure to process and import PI in dedicated finite element software COMSOL Multiphysics is 

also described. Using the realistic cell model, the electric field problem is defined and solved under stationary, time-

harmonic and pulsed electric field, uniformly applied; the frequency dependent dielectric properties were set accordingly. 

Field strength distribution at the level of the cell membrane is a representative numerical output of the analysis; electric 

field-derived quantities are analyzed too, for different membrane regions and exposure conditions, aiming to predict the 

occurrence of efficient EP. 

 
Motivation 
Technologies based on electroporation (EP) are used in a wide spectrum of scientific fields among which medical 

applications, bioengineering, food processing, biorefinery and environmental management [1, 2]. During EP, the natural 

transmembrane electrical potential of cells is altered leading to a membrane perturbation which eventually results in its 

permeabilization (equivalent to “electropores” formation), to allow the entry of desired components like: anticancer drugs 

[3], DNA [4], proteins [5]. Acquiring the membrane permeable state involves complex biochemical processes which are 

not yet elucidated, although many theoretical and simulation models were proposed, like [6-10]. When a body is exposed 

to an electric field, its shape and electrical properties are essential features that determine the inner and surface field 

distribution; these are significant data for the EP process assessment. There are two main directions in simulations 

addressed to EP: (1) physical stress analysis – i.e. the electric field problem and (2) dynamics of pore generation during 

the EP process. Regular shapes as spheres or ellipsoids [7-10], were mainly used to build computational models of cells 

for the analysis of the electric field problem and the electrochemical membrane behavior. Recently, realistic cell shapes, 

derived from optical microscopy were introduced for the study of EP effects at cellular or sub-cellular level [11, 12].  

 

Digital holographic microscopy (DHM) is a new, noncontact, marker free technique suitable to monitor rapid processes 

occurring in transparent samples as cultured living cells in their natural environment [10]. DHM delivers cells phase 

images (PI). The phase shift values from each pixel of these images are proportional with optical path length which is 

further linked to the protein concentration, dry mass, or other parameters with biological significance. In general, DHM is 

increasingly more used to explore different types of cellular processes: neural cell dynamics, cells in multiple 

deformation states, pathological tissues, tumor cells [13- 17]. 
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Results 
B16F10 murine cells, an in vitro model for cutaneous melanoma, were cultured in high glucose Dulbecco’s modified 

Eagle’s medium (Sigma, EU), supplemented with 10% fetal bovine serum (Sigma, EU), in a 37°C and 5% CO2 incubator. 

24 h prior to experiments, the cells were detached with trypsine (0.5% Porcine Trypsin 4NaEDTA, Gibco, EU) and 

seeded at low density on 2 cm diameter round microscopic slides. Drugs for synchronization treatment were used 

(100ng/l Nocodazole and 1mM Mimosine in culture medium) to obtain cultures with high ration of cells in M and G1-S 

cell cycle phases, respectively. While progressing through different cell cycle phases the shape of the cells was changing. 

DHM images of these cells were acquired and used for the numerical model. 

 

The experimental setup for DHM is based on a Mach-Zehnder interferometer, off axis configuration, with the sample 

inserted in one arm. The CCD camera records holograms formed at reference and object beams superposition. These 

holograms become PI by digital reconstruction using dedicated commercial software KoalaR based on the diffraction 

integral. The phase shift maps of PI were processed and imported for numerical analysis based on finite element method 

(FEM) in COMSOL Multiphysics, using the following steps: 1) segmentation using MATLAB software; 2) cell 

membrane selection, 3) graphic image file conversion in Autocad software; 4) simulation by the FEM analysis software. 

 

Our numerical model of the cell is a 2D representation in Cartesian coordinates. The electric field approach is derived 

from, and validated by the benchmark problem of the sphere introduced in uniform electric field, formulated and 

analytically solved by Schwan [18], for cell like configurations [10, 19]. We used this model to validate the 3D and the 

corresponding 2D (based on axial symmetry) numerical models for a spheroid. The results obtained on the simplified 2D 

Cartesian model (cross section) were of acceptable accuracy, when compared to the output of the original 3D numerical 

and Schwan analytical models. Validation process was conducted for low frequency time-harmonic operating conditions, 

described by Laplace equation for the electric potential 
  

 

−  + j0( )V = 0 in complex representation, where: σ is 

electrical conductivity, ε relative permittivity,  angular frequency, 0vacuum permittivity. 

 

The calculation domain is limited to a square of 50x50μm2 which includes the cell model (cytoplasm and membrane), 

surrounded by the extracellular fluid (Fig. 1.a shows the PI and Fig. 1.b its representation as meshed domain for FEM 

computation). We used the following dielectric material properties [7]: cytoplasm (σcyto=0.5 S/m; εcyto=60), membrane 

(σmembr=10-7 S/m; εmembr=12), extracellular fluid (σfluid =0.1 S/m; εfluid =80). The boundary conditions for the electric field 

(i.e. uniform field in the absence of the cell) are as follows: Dirichlet type on the upper and bottom boundaries (constant 

potential and ground, respectively) and electric insulation n·J=0 on sides, expressed by null Newman condition for the 

potential 𝛛V/𝛛n=0. 

a) b) c) d) 

Fig.1 a) PI of one cell resulting from holograms reconstruction, after segmentation; b) PI imported in COMSOL and an 

adequate mesh used for the numerical model (a crop from the entire domain); c) electric potential distribution 

inside/outside the cell; d) electric field distribution inside/outside the cell (zoom to visualize along membrane contour). 

 

The finite element method was used to find the distribution of the electric field strength and electric potential 

inside/outside the cell. Each subdomain was discretized with triangle elements and bilinear Lagrange shape functions. 

The membrane was discretized with finite elements with a maximum area much smaller than the other regions where we 

used the predefined mesh size „extra fine” (Fig. 1.b). As an example of numerical outcome, Figs. 1.c and d show results 

for a cell exposed to very low frequency time-harmonic electric field (1kV/cm, 50 Hz): the color map and contours of the 
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electric potential in the computational domain (c) and a detail of the electric field strength color map (d). These basic 

results are useful, first for checking the accuracy of the problem definition (features of the applied electric field) and then 

for quantitative outcomes, like the electric field strength distribution along the membrane and inside the cell, or the 

computation of the transmembrane potential produced by cell exposure to the electric field. We will show and compare 

numerical results for various particularities of the numerical models built as described before. 

 

Conclusions 
Optical images as PI reconstructed from experimental holograms were used to build realistic models of cells used further 

for accurate modeling of the EP electric field problem in COMSOL Multiphysics FEM software. The grid density was 

chosen properly for cellular subdomains and the distribution of electric field strength and potential were obtained for 

such realistic shapes of cells. The electric field distribution along the membrane determines the local magnitude of the 

induced transmembrane potential and helps anticipate the response of the membrane to electric stress specific to the EP 

process. The model could be adapted for various conditions specific to the EP procedure. Numerical simulation prove its 

flexibility and usefulness as a research tool, complementary to biophysical laboratory experiments. 
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1. SUMMARY 
 
Chalcogenide glasses are well known as high photosensitive materials with a wide application in photonics, 

optoelectronics and information storage systems. In the present paper the experimental results on optical absorption 
and steady-state photoconductivity of amorphous single amorphous layer structures Al-As0.40S0.30Se0.30-Al, Al-

Ge0.09As0.09Se0.82-Al, Al-Ge0.30As0.04S0.66-Al and amorphous heterostructures (HS) Al-

As0.40S0.30Se0.30/Ge0.09As0.09Se0.82/Ge0.30As0.04S0.66-Al at different values of the applied voltage at the illuminated top 

Al electrode for positive and negative polarity are presented and discussed. The thickness ratio of each layer was 

varied and was about 1000/500/200 nm. It was observed that the shape of the photocurrent spectra is due to the 

different value of the optical band gap of the involved amorphous layer (about Eg~2.0 eV, for both As0.40S0.30Se0.30 

and Ge0.09As0.09Se0.82, and about Eg~3.0 eV for the Ge0.30As0.04S0.66). The obtained experimental results are discussed 

taking into account the depth of the light absorption, depending of the nature and the thickness of each amorphous 

material, wavelength and the contact phenomena between layers. 

2. MOTIVATION 

The As-S-Se, Ge-As-Se, and Ge-As-S ternary glass systems actually attract a lot of attention because of their wide 

application in IR and non-linear optics, photonics, optoelectronics and as registration media for holography and e-

beam lithography. The functionality of many photonic and optoelectronic devices is based on the intrinsic 
photoelectric effect. The photocurrent spectra allow obtaining the information regarding the mechanisms of 

generation, recombination and drift processes of non-equilibrium carriers in amorphous materials. Recently the 

experimental results of steady-state and transient photocurrents of amorphous GexAsxSe1-2x and (As4S3Se3)1-xSnx thin 

films have been presented [1]. It was established that the predominant mechanisms of the photoexcited carriers 

recombination in the investigated amorphous materials are mono- and bimolecular and the transport is governed by 

the multiple-trapping processes on localized states that adopt an exponential distribution in the band gap. A special 

interest for physics as well as for application of chalcogenide materials has dedicated to multilayered amorphous thin 

film structures, which has some advantages in respect to a single layer structures. 

3. RESULTS 

Thin film samples of each amorphous material of thicknesses d about d=1000 nm for As0.40S0.30Se0.30, d=500 nm for 

Ge0.09As0.09Se0.82, and d=200 nm for Ge0.30As0.04S0.66, and the HS without and with Al-electrodes were deposited by 

thermal evaporation in vacuum onto glass substrates both for optical and photoelectric measurements. For last one 

the experimental samples had a sandwich configuration with two Al-electrodes: top electrode needed to be 

transparent for the incident light and bottom was an ordinary one.  
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Fig. 1. Spectral distribution of monolayer amorphous thin films 

and HS at positive applied voltage to the top Al-illuminated 

electrode. 

Fig. 2. Spectral distribution of monolayer amorphous thin films 

and HS at negative applied voltage to the top Al-illuminated 

electrode. 

Figures 1 and 2 represent the steady-state photocurrent spectra of monolayer amorphous thin films and HS at 

positive and negative applied voltage to the top Al-illuminated electrode, respectively. These figures show that for 

the HS spectral distribution is situated in the intermediate region between the spectral distribution of monolayers, 

and depends on the polarity of illuminated electrode. 

Figures 3 and 4 represent the normalized photocurrent spectra of multilayer thin film HS at different values of 

positive and negative applied voltage (U=1.010.0 V) applied to the top Al-illuminated electrode. It is evident that, 

a rise in the applied voltage leads to an essential shift of the curve maximum of the photocurrent toward lower 

energies. This shift can be attributed to different resistance of the component layers of the HS as well as to the 

different dependencies of the current vs. applied voltage (I-V characteristic). In this case the distribution of the 

applied voltage between each layer depends on it values and the contribution of each layer in the summary 

photocurrent is also different. At positive polarity (0.1200 V) on the top Al-illuminated electrode the structure of 

the photocurrent spectra are more complicated. However, at low applied voltage (0.10.5 V) to the top Al-

illuminated electrode, the negative photocurrent is predominated, and at U=1.0 V take place the inverse of the sign 

of the photocurrent to the positive. This phenomenon of reverse of the photocurrent sign can occur when the external 

applied field becomes higher than the internal (inner) electrical field. We must mentioned that for amorphous 

semiconductors the barrier height at the interface with the Al-electrode, with the work function φm = 4.18 eV is  in 

the range of φb = 0.400.75 eV [2].  
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Fig. 3. Normalized photocurrent spectra of multilayer HS at 
different values of positive applied voltage to the top Al-
illuminated electrode. 

Fig. 4. Normalized photocurrent spectra of multilayer HS at 
different values of negative applied voltage to the top Al-
illuminated electrode. 
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This behavior is very important for the practical point of view, because we have a possibility to create the kind of 

photodetectors with different sign of photocurrent and with the adjustable wavelength spectral position for maximum 

photosensitivity as well. 
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Summary:  
A significant biomedical challenge is the improvement of electrochemical biosensors for clinical diagnosis. Graphene 

monolayer modified electrochemical sensor developed for biomolecules detection with a superior electrochemical active 

area [1]. Vitamins are an important category of biomolecules. Folic acid (FA) is a water-soluble vitamin member of the 

vitamin B complex with important role to the composition of healthy cells [2]. In this study graphene monolayer 

modified electrochemical sensor was improved as working electrode for folic acid voltammetric detection. Graphene 

monolayer exhibits unique properties, such as large surface area, high thermal conductivity and zero bandgap. Graphene 

monolayer was synthesized by chemical vapor deposition (CVD) on cooper transition metal. For uses graphene 

monolayer in application we used a wet chemical transfer method [3, 4]. CVD method is one the most useful technique 

for graphene synthesis, with high quality and large area. 

 
Motivation 

Numerous methods have been advanced for the determination of FA in biological systems. Including them, 

electrochemical method has been concerned remarkable attention due to real time detection, their high sensitivity, 

low‐cost and easy operation. Through its high surface area, high electrical conductivity and its analytical performances, 

graphene monolayer modified working electrode of electrochemical sensor appears to be potential for electrochemical 

detection of FA.  

 
Results 
In this paper we present a modified electrochemical sensor developed to increase the FA detection. The quality of large-

area of graphene on working electrode was confirmed by Raman spectroscopy. Scanning Electron Microscopy evidenced 

the morphology of graphene. Based on electrochemical results, performances of graphene monolayer obtained by CVD 

put in evidence. Graphene on gold working electrode displays strong stability and electrocatalytic activity. This 

experimental paper shows the electrochemical properties of graphene monolayer, which can be used in various 

applications: biosensors, medical device, medical imaging. Graphene modified electrochemical sensor have been 

reported to show excellent electrocatalytic activity for FA detection, useful for the enhance performance in enzyme based 

biosensing. This study highlights the electrochemical applications of graphene monolayer toward various biomolecules. 
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Fig. 1- Graphene monolayer modified electrochemical sensor 

Fig. 1 show the design of graphene modified electrochemical sensor. The working electrode have been fabricated using 

graphene monolayer wet transfer method on gold layer. 
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Summary:  
The present work establishes the potential application for the treatment of wooden artifacts of some commercially 

consolidants, as well as of a traditional method. By evaluating the effects of the treatment on wooden artifacts models 

(using optical microscopy, Fourier transform infrared spectroscopy, thermal analyses and dynamic mechanical analysis) 

as well as their resistance towards staining materials and the overall aesthetic alteration, the best method can be proposed 

for the treatment of historical wood. 

 
Motivation 
Conservation of wooden artifacts represents a common goal for researchers involved in cultural heritage studies all over 

the world. Unlike some other types of artifacts, such as natural or man-made stone, the wooden ones are much more 

exposed to degradation.  Thus, identification of the proper treatment of such materials is of outmost importance1.  

 
Results 

The wooden models used for the experiments consisted of birch wood spatulas with standard dimensions (150x18x1.6 

mm), on which the six potential treatments were applied by immersion (figure 1).  

 
Fig. 1. General aspect of the treated wooden models: from left to right – treated with siloxane-based composition (three samples), 

treated with polymeric resins (two samples), treated with a traditional method (one sample) and untreated sample.  
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The preliminary evaluation of the treatments (using optical microscopy, figure 2), in-depth analytical characterisation, as 

well as the staining tests2, revealed major differences between the applied materials.  

    
a b c d 

   
e f g 

Fig. 2. Microscopical aspects of the treated wooden models: a-c– treated with siloxane-based composition, d-e - treated with polymeric 

resins, f - treated with a traditional method, g - untreated sample.  

By corroborating the results obtained and the evaluation of the recorded aesthetic changes, a proper treatment can be 

proposed. 
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Summary:  
 

Classical, proven for years, even centuries, the theory of classical optical phenomena has allowed to describe, explain, 

predict, create well-known multifaceted optical systems that have proven themselves both in practice and life. But the 

current state of development of physics and life sciences, in general, requires the expansion of the capabilities of optical 

systems when switching from devices of so-called millimeter-micrometer range, to devices operating in the nano-, pico- 

and femtometer ranges. Moreover, preserving the benefits of visual observation and control is a priority here. The 

realization of such tasks is impossible without finding and opening of new technical, technological solutions, creation of 

hybrid metrological systems that can operate simultaneously in different spectral ranges, in particular in IR and UV, and 

to use as diagnostic, different parameters of the optical radiation field, and of course, their interconnection. These research 

are based on a platform that has been formed in a number of investigations by the authors of this work. 

 

Therefore, the purpose of this paper is to analyze the possibilities of precision measurements in the pico- metric range, 

based largely on the results of the authors' own research of this paper and on the analysis of the state of the problem as a 
whole. The authors propose for discussion new precision correlation-optical methods for surface roughness control [1]; 

interference measurements of phase shift between orthogonally polarized beams at total internal reflection; methods for 

the estimation of degree of correlation of orthogonally polarized at the incidence plane beams through new entered 

parameter - visibility modulation depth [2]; methods  for detection and diagnostics the internal spin and orbital energy 

flows [3,4], evanescent fields [5,6]; new approaches for measurement of optical properties of microparticles [7] and so on. 
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Summary:  
The current context of the economic-social environment determines a multidimensional approach to performance in 

project management, taking into account the particularities of each stage of the life cycle. Stakeholders of the projects 

influence in a high proportion the performance of the projects through the interests, of the intervention force and of 

influence on the scope and the objectives set. In this paper, the influence of the stakeholders on the performance of the 

projects in the closing phase was analyzed, from the perspective of how an influence on the impact and sustainability of 

the project can be exercised. The research results highlight the importance of establishing an integrated strategy for 

stakeholder approach, in accordance with the performance requirements imposed. 

 
Motivation 
Implementation of projects and an appropriate management system has become, in the current context, a priority for 

different organizations concerned with performance and sustainability. However, being an area insufficiently debated in 

the specialized literature, the management teams generate certain dysfunctionalities through the management of 

resources and efforts throughout the life cycle of a project. 

The closing phase of the projects is characterized by a lower involvement of resources on the external dimension of the 

project, from the perspective of focusing on the recovery financial resources and achieving the objectives. The 

performance of a project is also evaluated from the external perspective, respectively that of the stakeholders. The 

present research is motivated by the interest of the management teams regarding the integrated approach of the 

stakeholders, especially in the closing phase of the project. This approach proposes a harmonization of the results of the 

project with the objectives of the parties involved. The dimensions from which it started in this process were those 

determined by the power and legitimacy of the stakeholders [1] and subsequently other dimensions were developed. 

 

 

 

 

Results 
 

The results obtained from the research confirm the need for a multidimensional approach of the stakeholders, based on a 

succession of stages [2], based on which the respect of all interests is configured. The specialized literature [3] highlights 

that these interests can be manifested in discordance with those of the project owner, and mutual ignorance is not a viable 

solution. 

Ensuring a system of convergence of objectives and interests can be achieved in the closing phase of projects by 

developing specific tools, such as stakeholder matrix. This can be useful to the management teams from the point of view 

of the utility but also of the potential results obtained. 
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Summary:  
In this work, single layer graphene (SLG) film was growth on copper catalyst (1x1 cm) by the chemical vapor 

deposition (CVD) method, and then was transferred by wet corrosion method to glass substrate. The 

functionalization of SLG was performed non-covalently with the 1-pyrenebutyric acid (PyBA), which would 

later to be used as a linker for biomolecules. Adsorption of PyBA on graphene was evaluated by RAMAN, 

UV/Vis and SEM techniques. Also, biocompatibility was investigated and the results suggest that PyBA-

functionalized SLG could be used as biomaterial.  

 
Motivation 
In recent years, the carbon-based nanomaterials have attracted much interest, 2D graphene is one of this and has 

attracted considerable attention in terms of both the experimental and theoretical aspects. The unique 

nanostructure and its properties such as biocompatibility, resistance to biological environment, high electrical 

conductivity, optical properties, easy of functionalization and flexibility make it promising in electrochemical 

sensors [1] and as biomaterial for medical devices manufacturing [2].  The synthesis of quality and large areas 

of single layer graphene (SLG) can be achieved through chemical vapor deposition (CVD) method [3, 4].  

Because SLG film is chemically inert, in order to improve the properties and / or to binding the molecules it's 

necessary covalent or non-covalent functionalization, depending on the desired application. Therefore, if no 

defect is not desired in the graphene film the non-covalent functionalization is recommended.  One common 

approach of non-covalent functionalization used is by tight π-π stacking interactions between graphene and 

pyrene derivatives. The pyrene derivative molecule of 1-pyrene butyric acid (PyBA) consisting of a pyrene 

group contains π electrons and a carboxylic group (-COOH) which can be used to accelerate functionalization 

with biomolecules, and is widely used for the graphene functionalization in biosensors applications [5]. 

Therefore, starting from this premises, the paper presents the functionalization of SLG with PyBA and the 

fallowing evaluation of its biocompatibility. Moreover, this research was conducted in order to be able to use the 

material to cover various implantable medical devices (IMDs), receiving the desired improvement of various 

properties (eg. attachment and cell proliferation) and could be achieved by binding the biomolecules of PyBA, 

after graphene functionalization. However, the research about biomolecules binging to functionalized graphene 

is provided as a perspective and does not represent the subject of the present work. 
 
Results 
The SEM images showed that the covered graphene film with some nano-layers stacked. The decoration with 

PyBA molecules by simple immersion of SLG film supported on glass substrate in solution of pyrene for 24 h 

was confirmed by UV/Vis absorption spectra. Raman spectra features collected from the sample before and after 

the functionalization showed that the functionalization process did not make any notable defects in the graphene 

film. Results on the biocompatibility of the SLG film and PyBA-functionalized SLG, obtained by cytotoxicity 

evaluation using fibroblast cell line showed that the samples are not cytotoxic and could be used as biomaterials. 
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1. SUMMARY 

The present paper illustrates an experimental study aimed at highlighting the mass flow rate performances and the 

overload characteristic of an electrically driven axial compressor, previously proposed and built by the authors [1]. By 

aid of methodology found in literature, [2, 3], a mathematical model was developed using MathCAD for the overall 

calculation of this compressor, determining the boost pressure and theoretical air flow. This mathematical model also 

highlights the increase of the boost level for each compression stage, as well as the used mechanical work. The proposed 

compressor uses a two-stage compression of air by aid of two fans. The first one has the role of directing the air axially 

to a second fan with smaller diameter and higher speed. An electronic control unit is used in order to adjust the speed of 

each fan. 

In order to determine the air flow, a diaphragm was built and mounted at the compressor outlet, equipped with orifices 

that will be used to determine the pressure difference. Pressure was measured at several characteristic points of the 

compressor using integrated differential sensors. A LabVIEW program was used to determine the characteristic values in 

correlation with the axial compressor speed. After determining mass flow, the boost pressure can be determined by 

calculus. 

2. MOTIVATION 

A supercharging system must increase the pressure in the intake system and the amount of fresh gases cycled into the 

engine cylinders. The systems currently used are aimed at improving the performance of internal combustion engines 

throughout the engine speed range [4-6]. A turbocharger system has low efficiency at low engine speeds, which is why 

the present concept is intended especially for that speed range. The proposed compressor is electrically driven, 

independent of engine speed and therefore offers instant response. The main objectives of the concept remain the same: 

to compress the air and eliminate the "turbo lag". 

3. RESULTS 

The present paper aimed to highlight the advantages of an electrically driven supercharging system. The authors 

proposed an alternative to classic supercharger systems used in compression ignition engines, by using an axial 

compressor driven by DC motors. By means of a global calculation model of the proposed compressor, its main 

dimensional characteristics were determined: inlet diameter, outlet diameter, mechanical work consumed, mass flow rate. 

The axial compressor was built and driven using 2 DC electric motors capable of high speeds, of 54000rpm, and 

65000rpm, respectively.  

An experimental setup was built in order to determine the pressure at the axial compressor outlet, as shown in Figure 1. 

During the present research, 20% steps were used for the axial compressor test. The pressure sensors were mounted on 

the supercharger in certain key positions: 2 sensors at the inlet of the compressor at a distance of 10 cm from it, 1 sensor 

between the 2 electric motors, in the cross-section reduction region, 1 sensor at the second electric motor, 2 sensors at the 

diaphragm and 2 sensors at the compressor outlet. 
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Figure 1 illustrates some of the main components of the experimental set-up built in order to determine pressure rises and 

drops in several key points of the axial compressor.  The numbered items from Figure 1 are:  1 – pressure measurement 

point at the compressor outlet; 2,3 – Pressure measurement by aid of the diaphragm method; 4 – pressure measurement at 

the cross-section reduction; 5,6 – pressure drop measurement at compressor intake; 7 – sensors assembly; 8 –LabJack 

board. 

 
Figure 1. Experimental set-up to determine pressures 

variations. 

 

 
Figure 2.  Sample test result for axial compressor at 80% capacity. 

The sensors assembly 7, contains 8 differential integrated sensors MPX12DP, linearly connected two by two, and 

mounted inside a shock resistant plastic case. 

Figure 2 illustrates a sample measurement result, in which a pressure jump can be observed at the passing of fresh fluids 

from a larger cross-section to a smaller one. 

3. CONCLUSIONS 

From the conducted experiments it was determined that there are no noticeable variations up to 80% of the compressor 

capacity where the 3rd sensor senses an increase in pressure to 
5

3 1.15 10sp Pa =   .  It can be observed that by increasing 

the compressor capacity to its maximum, leads to an increase of approximately
5

80% 100% 0.4 10sp Pa→
 =   . Based on the 

conducted measurements, the flows and speeds corresponding to each fan were calculated. 
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1. SUMMARY: 

The downsizing phenomenon has grown and led to many improvements in the design and efficiency of supercharger 

systems. Despite this, classic supercharger systems have a transient response due to the energy exchange with the engine 

and this affects the engine elasticity. An electrically driven supercharger system is capable of eliminating this 

shortcoming, of transient operation, without parasitic losses, because the response is instantaneous to the electric drive. 

An energy recovery system can also be added to increase global efficiency. The present study provides an overview of 

the influence of the compression ratio of a compression ignition engine (CI engine) to which an electrically driven axial 

compressor was attached. The results showed that the implementation of an electric compressor and a high compression 

ratio contribute to increasing the efficiency and reducing the losses occurring during the engine’s operating cycle. 

2. MOTIVATION 

In line with the efforts of the regulatory authorities and the constant need for reduction of pollutant emissions, it was 

found that reducing fuel consumption could limit this. Through the downsizing phenomenon, all diesel vehicles are 

equipped with turbocharged engines to improve dynamic performance. Petrol engines usually offer smaller cylinder 

capacity and are more and more often equipped with supercharger systems that lighten their weight and increase their 

efficiency. New generation turbines, with variable geometry, have reached a development limit as far as the 

instantaneous response and transient operation of the engine are concerned, [1], [7-9]. This limitation caused the 

manufacturers to implement new types of superchargers, [2]. The first type, called a “turbo – hybrid” is a conventional 

turbocharger with a high speed electric motor incorporated.  When the engine has low speeds and the gas energy is 

insufficient, the electric motor improves the transient response and eliminates the turbo-lag. At high speeds the gas 

energy can be recovered, stored in the battery and used as needed to assist the electric motor, [2]. The second system 

uses an electrically operated centrifugal compressor. This system does not use gas energy as the compressor is driven 

directly by the electric motor, [2]. 

The authors of the present study propose a new type of supercharging system that employs the prototype of an 

electrically driven bi-rotor axial compressor, [3]. The supercharger unit consists of two electrically driven turbines of 

different diameters. The windings of the rotors are made of copper to ensure the maximum conductivity and are 

connected by a conical tube made of aluminum. The main advantage is the high flow rate and the light weight of the 

aggregate. The proposed system was built and fitted on a car equipped with a diesel engine, and several tests were 

conducted experimentally to determine its influence on power, torque and maximum speed.  

The present paper focuses on a numerical study, conducted regarding the influence of the obtained compression ratio 

upon various parameters of a supercharged CI engine. 

3. RESULTS AND CONCLUSIONS 

The numerical study presented in this paper was developed by aid of Mathcad, [7]. Based on methods already found in 

literature [4-6, 7-9], numerical investigations were conducted on the influence of compression ratios upon temperatures 

and pressures in various key points. Numerical simulations took into consideration a boost pressure 5
2.5 10s Pap =    and 

that the combustion of fuel takes place with an air excess given by 1,7 = .  Obtained results show that the compression 
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ratio obviously affects both the operating temperatures and pressures in the key points of the working cycle.  Figure 1 

illustrates this influence on the temperature at the end of compression Tc and the temperature at the end of the isochoric 

combustion Ty, which suffers a 20.3% increase. The most pronounced and important increase is found in the variation of 

the average thermodynamic temperature of combustion, which increases to the maximum value of 1950K. The increase 

of Tmar with about 19.78%, determines the decrease of losses due to the irreversibility of the combustion process and 

implicitly the increase of the combustion process efficiency. 

 

Figure 1. Influence of the compression ratio on temperatures 

The increase of the compression ratio causes a slight decrease of the relaxation temperature by 6.5% and will slightly 

influence the indicated average pressure. 

This influence of the compression ratio becomes more pronounced in the case of the temperatures that define the 

turbine's working area. It can be observed from Figure 1 the variation of the two temperatures where the increase of ε 

causes a decrease with 8% of the temperature upstream from the turbine - Tt and with 9.3% the temperature of the gases 

at the end of the isentropic relaxation in the turbine - T3.  

An important increase was also observed in the case of the maximum pressure per cycle which varies linearly with the 

compression ratio up to a maximum value 5
125 10zp Pa=   . 

In the case of pressure determined at the beginning of the relaxation process, there can be an increase of approximately 

103%, for a maximum compression ratio. Its variation on the indicated and effective average pressures determines the 

increase of engine power. 
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Summary:  
Atomization is the process of breaking a liquid into very fine droplets by using devices built for this purpose. Small 

particles of liquid are also known as droplets that have an approximately spherical shape. The reason why particles have 

this form is due to the surface tension of the liquid. This is explained by the fact that the surface tension causes that in the 

absence of external forces, liquids take a geometric form of minimal area, due to the action of the cohesion forces 

between the molecules of the liquid. In the case of the atomization process the forces inside a liquid particle make the 

drop unstable in which case it breaks into smaller droplets. As the temperature of the liquid rises, the surface tension 

decreases. A multitude of factors influence the size of the droplets in a stream of liquid sprayed through a hole [1]. Of 

these factors the surface tension tends to stabilize a fluid, preventing its dissolution in small droplets 

 
Motivation 
Spraying a liquid through a device leads to the appearance of a clumping of drops of a variety of sizes (fig. 1), which is 

the result of atomization for the moving liquid in a controlled environment. 

  

 
Figure 1. Images of liquid fuel jet, atomized using an injector, 

captured with laboratory devices. 

 

Analysis of atomized fuel jet parameters 

In this work, an analysis of the atomized jet of gasoline will be performed using a script and Matlab software. 

Depending on the image of the jet obtained, the software will provide a multitude of parameters of the jet of gasoline [2], 

[3], from which we list only those who are the subject of this paper: the number of drops NP; the area of the jet atomized 

of petrol Aj [mm2]; the surface of the drop SP [µm2]. Images of the petrol jet will be captured for injection time values set 

by an electronic control block that simulates a vehicle's computer. 
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With the help of this device, three values of the injection period T, parameters corresponding to the engine speed and 

three width values of the injection pulse Li, which corresponds to the quantity variation of fuel released while the injector 

is opened. 

 

Period T, defined as the time interval that elapses between the beginning of an injection and the beginning of the next 

injection. For the experiment, three values were set, their setting, called the minimum, medium and maximum position, 

noted: T1=120 ms, T2=380 ms, T3 = 640 ms, being possible from a potentiometer. 

Pulse width Li, defined as the time interval dedicated to the injector control. For the experiment, three values were 

established, the adjustment being possible from a potentiometer, called the minimum, medium and maximum position, 

noted: Li1 = 1.5 ms, Li2 = 7.2 ms, Li3 =13.0 ms, being possible with another potentometer. 

 

Results 
High wear injector tested at pressure Pp = 39.2 kPa 

Figure 5.a),b),c), shows the drop surface distribution according to the number associated with each drop for time periods: 

a) T1=120 ms, b)T2=380 ms and c) T3=640 ms, intersected with the three pulse width settings: Li1=1.5 ms, Li2=7.2 ms, 

Li3=13.0 ms. 

These graphical representations were made for the high wear injector tested in the faulty pressure Pp=39.2 kPa. 

 

 
a) T1=120 ms      b) T2=380 ms      c) T3=640 ms 

 

Figure 5. Drop surface distribution according to the number associated with each drop in Pp = 39.2 kPa[4] 
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Summary:  
Studying the heat transfer fuel droplet moving in a gaseous medium can be determined diffusive transfer coefficient, 

depending on temperature changes in the engine intake air. It will then be possible to determine by calculation of the 

variation in droplets diameter of fuel during their vaporization in a gaseous medium. In the present paper mathematical 

models have been developed for the vaporization process considering three cases: without the phenomenon of thermal 

diffusion, with thermal diffusion then depending on the temperature and pressure of the gaseous medium in which 

droplets of fuel moving. 

 
Motivation 
Contributions will be made to develop mathematical models for the calculation to determine the time of vaporizing and 

analyzing the diameter of the fuel droplets depending on the temperature of the gaseous medium in which it evolves, the 

initial diameter of the droplet, the road, the travel speed with or without thermo-diffusion. 

 
Analysis of fluid drop diameter during vaporization 

Starting from the Continuity equation given by the relationship: 

 .l l l lm A W=    

the speed of vaporization is: 

( )
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where lm  - liquid mass flow [kg/s], l - liquid density [kg/m3], Al - liquid jet area [m2], Wl - liquid jet speed [m/s], τ – 

time [s], dp - liquid droplet diameter [m]. For the vaporization of liquid droplets, the flow may be expressed as: 

( )
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Equalizing the two relations and performing the calculations produces the equation which determines the decrease in the 

liquid droplet’s diameter injected into a gaseous medium taking into account thermal diffusion. 
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The significance of notations in the deducted relationships is: dpic [μm] – the diameter of the vaporized liquid drop, di 

[μm] – initial diameter of the fuel drop moving in the gaseous medium, Mb=115[g/mol] – molecular mass of petrol, 

R=8314,472 [J/molK] – universal gas constant, T [K] – temperature of the gaseous medium in which the fuel drops are 

sprayed, Dab [m2/s] – thermal diffusion coefficient, Wpb [m/s] – gas drop speed, ρl [kg/m3] – density of injected liquid 

(petrol), μb [Pa∙s] – dynamic gas viscosity.  

Using the relationships deduced in Mathcad codes, graphics have been drawn showing how the diameter of the liquid 

drop’s changes over time (Figure 1). Various values of relative velocity between drop and vapors medium were taken 

into account in the calculation. The pressure in the intake manifold was also taken into account.  

 

Results 
A calculation algorithm has been developed in Mathcad software [2], which allows the determination of the variation in 

the diameter of the atomized liquid drop during the vaporization of the fuel taking into account the temperature of the 

mixture in the intake manifold. The calculation was made by changing the values of the average gas temperature (fig. 1) 

from the intake manifold: minimum temperature Tg=250K to the maximum temperature Tg=460K. The adopted values 

are considered to cover both the cold time and the maximum heating of the intake manifold and by default the fresh 

mixture.  

 

 

Figure 1. Variaţia diametrului dpic în timpul vaporizării combustibilului la trei 

temperaturi ale mediului gazos. 
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Summary:  
The study of the evolution of the mass of a liquid droplet and its average temperature in the case of collision between a 

solid surface and liquid droplet can be carried out using the Volume of fluid method VOF. The dynamics of the drops 

will be investigated at the moment of impact on a heated plane wall until a steady state is reached. During this transition 

period, the average temperature of the drop vaporization process is estimated. The lifetime of a drop of liquid is 

determined from a static point of view, upon contact with a hot surface. The equations applied are Navier-Stokes energy 

and vapor transport.  

 
Motivation 

The impact of a liquid droplet on a hot surface induces a flow that is considered to be two-dimensional and axially 

symmetric. To identify each phase separately, the Volume of fluid method VOF, [2] is applied, defining the following 

fraction [1], denoted by α: 

 
fl

tvc

V

V
 =  (1) 

where Vfl – liquid phase volume, Vtvc – total control volume, α equals 1 inside the liquid, 0 in the gas phase and with 

values between 0 and 1 in the collision area. The transport equation of α, taking into account the effects of evaporation 

and liquid thermal expansion, is given by [1]: 
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The moment equations expressing both phases are written as: 

 ( )
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where T  is the stress tensor, u  is the speed and f  is the volumetric force due to the surface tension. The value f  is 

equal to ( )af k =  where σ is the numerical value of the surface tension and k is the curvature of the collision area. 

Also, the energy transport and vapor transport equation are solved: 
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For the liquid and vapor mixture phase, most of the physical and thermodynamic properties are calculated as a function 

of α, using linear interpolation between the values of the two phases [1]. 

 ( )1l g    = + −  (5) 

 ( )1 g    = + −  (6) 
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The model used is based on Fick's law, which uses the local concentration gradient in the collision area as a driving force 

and assuming that the interface is saturated. The evaporation rate is given by: 

 e g AB l c

s

dm dC
m D A

dt dn
 −

 
=  

 
 (8) 

 
l c cA V− =   (9) 

Fick's based model is independent of the flow conditions and the shape of the liquid-air interface [1]. 

 

Results 

Based on the developed mathematical model, an example is given in Figure 1 regarding the variation of water vapor 

pressure at different temperatures of the hot surface. 

 

Fig.1. Vapor pressure as a function of temperature 
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Summary:  
This article will study the impact of a liquid jet with a flat surface, from a dynamic point of view. The surface where 

the liquid jet impact will take place has been positioned both perpendiculars to the direction of the jet and at a certain 

angle. To determine how the impact of the liquid jet takes place in the immediate vicinity of the plane plate, a CFD 

simulation is performed. The obtained results allow us to study two situations, one that concerns the occurrence of the 

hydraulic jump during the impact and the second will allow us to analyze the evolution of the jet symmetry. It is known 

that the impact of a liquid jet with a surface is quite complex. To solve this, the VOF (volume of fluid) model was used. 

The obtained results allow us to visualize the evolution of the liquid jet in the form of a complex geometric shape that at 

the extremities is followed by a hydraulic jump and the fragmentation of a part. The behavior of the impact of the jet with 

a surface inclined at 45°, shows that there is an asymmetry of the contact fingerprint as the jet inclines towards the 

normal straight-line surface. The main objective of the present simulations is to experimentally investigate the effect of 

the angle of inclination of the jet and of the fluid flow on the initial imprint formed at the contact and on the post-

fragmentation mode of the complex geometrical structure formed. 

 

Motivation 

Using the formula (1) we study the development of the liquid jet based on the mathematical model of the formation 

of the a radius and the radius Rs of the jump height H using variations of the flow Q and different values of the radius of 

the liquid jet. At the impact of a vertical liquid jet on a solid surface, a hydraulic circular jump, shown in Fig. 1, [1]. 

 

Fig. 1. General structure of circular hydraulic jump, [1]. 

 

Watson [2] was the first person to analyze the viscous circular hydraulic jump using the boundary layer theory for 

the upstream jump and assumed flow in the downstream region. Assuming that the pressure force is equal to the rate of 

destruction of the impulse, he derived the following for the jump state: 

 ( )
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where H - the height upstream, H - the height downstream or outer depth, g - gravitational acceleration, Q - volume 

flow, and Rs jump radius. The result of the invisibility theory in non-dimensional form, obtained by neglecting the term 

contain in inside Eq. 1 and various substitutions made, it is given by: 
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where a  is the entry radius of the jet before impact, [4]. Research to date shows that when a liquid jet collides with a 

sloping wall [1], the formed liquid film thickness is not symmetrical. It has also been found that starting from the 

minimum portion of the formed liquid film it is found that the opposite diameter will have a maximum asymmetry. For 

the same flow of liquid jet, as the angle  decreases (fig. 2), the radius of the hydraulic jump increases in the opposite jet 

inclination area θ= and decreases when θ=0, and the area delimited by the hydraulic jump increases. There are two 

situations. If ψ=90° the area bounded by the hydraulic jump is a circular shape and for ψ90° the liquid jet formed will 

have a non-circular shape, according to figure 2. 

 
Fig. 2. Elliptical-shaped profile of the hydraulic jump due to the oblique jet hitting the horizontal flat plate, [1]. 

 

Results 

In figure 3 are given images of a liquid jet in contact with a flat wall in the conditions of its normal sending to the surface 

or at an angle of 45.    

       
Fig. 3. Modeling the impact of the liquid jet on a surface: a-perpendicular, b-inclined. 

Conclusions 
Studies have shown that when a liquid jet collides with a surface, a number of factors are involved that lead to the change 

of the liquid footprint formed immediately after the impact. One of these factors of influence is the angle under which the 

jet falls on the wall. The flow of liquid on the other hand, as well as the viscosity of the liquid, apply their imprint on the 

complex geometrical shape caused by the collision, and on the way in which the liquid sale is fragmented. The impact 

velocity is defining for the process of forming the liquid stain and the hydraulic jump. 
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Summary 
A rectangular radial microchannel having the same geometric dimensions as one type of microchannel placed on a PC-

controlled centrifugal disk, considered from an experimental work reported in literature, was selected here for fluid flow 

investigation. For this purpose, a numerical model was developed with the Finite Element Method (FEM) based Comsol 

Multiphysics software. The channel had the following dimensions: length l = 2.1 cm, height h = 65 µm and width Δy = 

320 µm, being simulated at rotating speeds ω between 50 and 400 rad/s. From the simulations resulted that even at a high 

rotating speed of 400 rad/s, transverse Coriolis force was only close to half of centrifugal force, no secondary flow being 

induced in this case and a diffusion-based mixing is developed for this particular channel geometry. This radially rotating 

channel model was validated after comparing the FEM results with results from other two commercial finite volume 

codes (CFX and Fluent) reported in a numerical research study of a microchannel with l = 10 mm and Δy = h = 200 μm.  
 

Motivation 
In the recent years, the areas of chemical analysis and biomedical diagnostics have been boosted by the centrifugally 

operated microfluidic devices [1-3]. These devices are based on an array of microchannels placed on a circular substrate 

under rotation at a specific frequency, arrangement known as lab-on-a-CD platform (LabCD) [4]. When the rotation 

speed of a LabCD platform is low, centrifugal force will dominate completely the flow in microchannels. At higher 

rotation frequency, the dominant force will be Coriolis force and an important secondary flow will be introduced, 

perpendicular to the primary flow velocity. 

Several numerical and experimental studies have been developed in order to investigate the flow evolution for centrifugal 

microfluidics at different rotating frequencies. Duffy et al.[5] showed by numerical analysis that centrifugally driven 

microchannel flows can be treated as Hagen–Poiseuille flows for channels of different widths (20–500 µm), depths (16–

340 μm), and lengths (12.5–182 mm) subjected to different rates of rotation (400–1.600 RPM). Ducree et al.[6] 

investigated the patterning of flow and mixing in radially rotating microchannels and identified that the key impact 

parameters governing the Coriolis force are the channel length, aspect ratio AR and the rate of rotation. An analytical 

solution for the fluid flow through a rotating microchannel suggested that rotation will generate a secondary flow with a 

magnitude directly related with the ratio of flows in y and x directions and angular velocity proved to be influential on 

the induced transient secondary flow in the y-direction [7]. 

Hence, a better understanding on the mixing effect produced by the Coriolis force inside the channels of a CD-based 

platform can lead to an improved design efficiency of the rotating microchannels after a proper selection of their cross-

section dimensions. 

 

Results 
In a centrifugally driven flow, the rotating speed and fluid velocity are coupled. In the simulating procedure it was 

considered a certain rotating speed ω (rad/s), and volumetric flow rates, along with Reynolds numbers Re are then 

evaluated. In Table 1 are presented some specific parameters for this channel model with hydraulic diameter Dh 108 

µm, Poiseuille number Po = 18.4 and AR = 4.92 (AR = Δy/h), simulated at rotating speeds between 0 and 400 rad/s. Here, 

Q is the volumetric flow rate, pvisc represents the pressure drop generated by viscous dissipation due to liquid flow in the 

microchannel, is the average wall shear stress, Reω is the ratio of the rotating inertial force to the viscous force and β is 

the ratio between Coriolis force and centrifugal force. In conformity with mixing regimes established by Chakraborty et 

al. [8], only a diffusion-based mixing should be developed at the rotating speeds investigated, as a consequence of β 

values under 1 (see Table 1). 

Figure 1.a shows the fully developed axial velocity v along y-axis at Z-mid-plane (Z = h/2) for different values of ω 

(rad/s) at the channel outlet, in order to observe the variation of Coriolis force as a consequence of increased rotational 
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speed at this final downstream position. We can see here that after increasing ω from 0 to 300 rad/s, the v – velocity 

profile starts to deviate from its symmetric distribution, but the deviation is small. In fig. 1.b was observed a rapid 

increasing of the pressure drop along the center of the channel in radial direction, formed by the intersection of Y and Z 

mid-planes, when rotational frequency increased from 100 to 400 rad/s. A slight location displacement of the maximum 

pressure point was registered at 300 and 400 rad/s, with values of 4174 Pa and 7060 Pa located at 0.18 mm and 0.4 mm 

from the channel center (40 mm), respectively. 

 
Table 1 Rotational and fluid flow parameters for the channel model having l = 2.1 cm, h = 65 µm 

and Δy = 320 µm 
 

ω (rad/s) Q (m
3
/s) Re Pe pvisc (Pa)  (kg/m·s

2
) Reω β 

0 2.88·10
-15

 0
 

1.7·10
-3

 0 0 0 0 

50 7.21·10
-10

 3.7 423.16 11.3 7.9 0.58 0.07 

100 2.88·10
-9

 14.9 1.69·10
3
 45.1 31.7 1.17 0.15 

200 1.15·10
-8

 59.7 6.75·10
3
 179.8 126.3 2.33 0.29 

300 2.61·10
-8

 135.6 15.32·10
3
 408.1 286.6 3.50 0.44 

400 4.65·10
-8

 241.5 27.3·10
3
 726.9 510.7 4.67 0.58 

 

      
 

Fig. 1. (a) Normalized axial velocity profiles along y-axis at Z-mid-plane of channel outlet and (b) pressure drop 

along the radial direction for different rotational speeds of the channel 
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Summary:  
Were developed and optimized the technologies for the obtaining of coordinating organic compounds based on the trivalent 

ion Eu3+ Eu(o-MBA)3phen (1), Eu(DBM)3(Ph3PO)1·H2O (2), Eu(TTA)3(Ph3PO)2 ( 3). The optical absorption thresholds of 

these compounds are: 2.02 eV, 2.86 eV, 3.58 eV for 1, 2, 3, respectively. 

The efficiency of the photoluminescence (PL) emission signal of the coordinating organic compounds with Eu3+ ions 

depends on the technology of obtaining these compounds, namely the effective choice of the ligands. 

At PL excitation with the UV light are obtained the emission spectra in the red domain (580 - 710 nm) with multiple piccs, 

where the most prominent emission band is in the wavelength range (610 - 620) nm. These bands are attributed to 

transitions 

5 7

0 jD F
 (j = 0,1,2,3, 4), in the electronic orbital 4f of the Eu3+ ion. 

From the photoluminescence spectra, applying the Judd-Ofelt theory, the optical parameters and the photoluminescence 

efficiency were determined. 

 

Motivation  

At the excitation of the coordinating compounds based on the Eu3+ ion with wavelengths in the UV region of the spectrum, 

photoluminescence of high intensity and efficiency was obtained in the red region of the spectrum. Such energy conversion 

is of interest for the application of these compounds in optoelectronics, medicine and science. It is worth mentioning that 

the role of the ligands used in the synthesis such compounds is important for obtaining the luminescent properties due to 

the excitation energy transfer from the ligands to the central Eu3+ ion, as well as for increasing the dissolution capacity of 

the compounds in various solvents [1,2]. The luminescence of the compounds is completly discribing by Judd-Ofelt theory. 

 

Results 
The photoluminescence spectra of the coordinating compounds were recorded using the MDR-23 monochromator with 

the recording of the signal in photon counting mode and the use of the Hamamatsu H8259-01 photomultiplier with the 

counting module C8855-01 connected to PC. PL excitation was performed using the nitrogen laser (λ = 337 nm) and the 

laser diode (λ ~ 405 nm) at 300 K. 

At the excitation of the complexes with UV light , a monochromatic and intense-abundant photoluminescence in the red 

domain of spectrum is displayed . This are due to so-called "antenna" effect, and to the process of absorption of UV light 

by the ligands, the subsequent transfer of absorbed energy to the central Eu3+ ion of the molecule and the subsequent 

emission of light of the ion in the red domain of spectrum. 

The PL spectra recorded for all the coordinating compounds are similar to those of the coordinating compound 

Eu(TTA)3Phen [3, 4] and are attributed to the electronic transitions 

5 7

0 jD F
 ( j= 1–6) in the electronic shell 4f of the 

Eu3+ ion. The half-width of the PL intensity of the transition 5D0→7F2 is less than 10 nm for all the studied compounds. 
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From the analysis of the experimental PL data with the application of the Judd-Ofelt theory, the luminescence parameters 

of the studied compounds were determined: the emission probabilities of each transition, the luminescence criterion, the 

yield, etc. (Table 1). 

The results obtained by PL are of great interest for science and of the application of coordinating compounds studied in 

different fields, for example: medicine, biology, optoelectronics, etc.  

 

Table 1. The photoluminescence parameters of the coordinating compounds with Eu3+ ions. 

Coordinating compound η, % Ar, s-1 Ω2
 Ω4 

Eu(o-MBA)3phen (1) 28.23 400.71 2.56 ×10-17 1.12×10-17 

Eu(DBM)3(Ph3PO)1·H2O (2) 20.69 827.26 5.98 ×10-17 9.63×10-18 

Eu(TTA)3(Ph3PO)2 (3) 53.46 1165.58 8.91×10-17 9.63×10-18 

 

Acknowledgement  

This research was supported by the CSSDT/ANCD/MECC 15.817.02.03A, ANCD 20.80009.5007.14 
 and CSSDT-STCU 6117. 

References 
[1] V.I. Verlan, Bordian Olga, M.S. Iovu, I. Culeac, V.E. Zubareva. The transfer of the light energy from UV to visible 

domain in the coordinating compounds of Europium. 16th International Conference on Global Research and Education, p. 

11-17, September 25-28, 2017, Inter-Academia 2017. DOI 10.1007/978-3-319-67459-9 

[2] Handbook on the Physics and Chemistry of Rare Earths, Vol. 44, Amsterdam: The Netherlands, 169-281 (2014). 

[3] M.Iovu, A. M. Andriesh, S.A. Buzurniuc, V.I. Verlan, M. I. Caraman, V. E. Zubarev, „Luminescence properties of 

Eu3+/thenoyltrifluoroacetonate composites” J. Optoelectronic and Advanced Materials, vol. 10, iss 4, 841 – 844, 2008.  

[4] M.S. Iovu, A.M. Andriesh, S.A. Buzurniuc, V.I. Verlan, C.I. Turta, V.E. Zubareva, M.I. Caraman. „New 

Photoluminofore Nanocomposite Based on Organic Compounds with Eu3+ Ions and Copolimer SBMA”, Journal of Non-

Crystalline Solids, 355 (2009) 1890–1892. http://dx.doi.org/10.1016/j.jnoncrysol.2009.04.047 

 

OMN100-54 (2)



Photosensivity of heterostructures produced by aerosol deposition of 

ZnMgO thin films on Si substrates 

 
Vadim Morari 

1)*
, Vitalie Postolache 

2)
, Emil Rusu 

1)
, Karin Leistner 

3)
, Kornelius Nielsch 

3)
,           

V. V. Ursaki 
2) 

and I. M. Tiginyanu 
2) 

 

1) 
D.Ghitu Institute of Electronic Engineering and Nanotechnologies, Chisinau MD-2028, Republic 

of Moldova 
2) 

National Center for Materials Study and Testing, Technical University of Moldova, Chisinau MD-

2004, Moldova 
3) 

Leibniz Institute for Solid State and Materials Research of Dresden (IFW Dresden), Institute for 

Metallic Materials (IMW), 01069 Dresden, Germany 

 
Keywords: ZnO, ZnMgO, UV irradiation, photocurrent, photosensitivity. 

 

Summary:   
ZnMgO thin films were prepared on Si substrates by aerosol deposition method using zinc acetate and magnesium 

acetate as precursors. The obtained films were investigated by scanning electron microscopy (SEM), energy dispersive 

x-ray (EDX) and X-Ray Diffraction (XRD). SEM and EDX analysis showed that the produced thin films are 

homogeneous from the point of view of morphology and composition. It was found that annealing at 500 
o
C leads to the 

production of macroscopically homogeneous wurtzite phase films, while thermal treatment at lower or higher 

temperatures results either in the formation of ZnO particles embedded into the ZnMgO matrix, or in degradation of the 

film morphology. The investigation of photosensitivity demonstrated that the heterostructures of ZnMgO thin films 

deposited on Si substrates are sensitive in a wide spectral range from ultraviolet (UV) to infrared (IR) radiation, with a 

highest sensitivity in the UV region.  

 
Motivation 
ZnMgO solid solutions system presents interest due to possibilities to tailor many important physical properties by 

varying their composition. This alloy system covers a wide ultraviolet (UV) spectral range between the direct bandgaps 

of 3.36 eV for ZnO and 7.8 eV for MgO at room temperature, therefore being very attractive for short-wavelength 

optical applications such as UV detectors [1-3] and light emitters [4-6]. The MgxZn1-xO system [7,8] provides the 

possibility to model the optical, luminescent and photoelectric properties in a wide spectral range, by adjusting the 

composition in the system ( x-parameter value). Devices for short wavelengths UV-A (320-400 nm), UV-B (280-320 

nm) and UV-C (200-280 nm) radiation can be produced by changing the composition [9]. Nanostructuring of these 

materials, particularly the production of nanostructured films, is an additional element for modeling specific properties.  
 

Results 
After deposition of the thin film by means of aerosol deposition, the aluminum contact was evaporated on the backside 

of the Si substrate. Front-side contacts were fabricated by depositing palladium trough a specially designed mask with 

1.5 mm diameter in high vacuum with pre-heating of sample at temperature of 300 °C during 1 hour in the installation 

VUP-4. The morphology and chemical composition analysis of the deposited layers was investigated using Scanning 

Electron Microscope (SEM) Zeiss LEO Gemini 1530 equipped with an Oxford Instruments INCA Energy EDX system 

operated at 20 kV. The XRD patterns of the prepared thin films were investigated with a Rigaku Smart Lab X Ray 

Diffractometer using Cu Kα radiation (λ=0.15406 nm). The radiation from a Xenon lamp DKSS-150 was used to excite 

the photoconductivity in ZnMgO layers (Figure 1). Optical filters were used to select radiation from different spectral 

ranges (ultraviolet: 300–400 nm, power density at the sample surface 17.6 mW/cm
2
; visible 400–700 nm, power density 

25.5 mW/cm
2
; and infrared 700–2500 nm, power density 134 mW/cm

2
). The samples were illuminated with a focused 

beam of 5 mm in the diameter. The current through the samples was measured by means of a Keithley’s Series 2400 

Source Measure Unit. A mechanical shutter was used in the PC relaxation experiments. The signal from the Source 
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Measure Unit was introduced in an IBM computer via IEEE-488 interface for further data processing. The measurements 

were performed at room temperature (300 K) in vacuum. 

 

 
Figure 1. The photoresponse measured at 300 K in vacuum with radiation of 

different wavelengths for MgxZn1-xO films with x = 0.2 and x = 0.4 deposited on Si substrates 
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ABSTRACT  

Volume of Fluid Method (VOF) is a good alternative to Finite Element Method for complex simulations which 
involves fluid flow because it offers a good solution for very cell of the domain. Air lift pump system uses the 
principle of two communicating vessels that are filled with two or more fluids. The fluids can be partially or totally 
immiscible one with another. The VOF method together with Multiphase (Eulerian) model provides a very good 
approach for determining the qualitative interaction of the two fluids. In our study we simulated how compressed 
air flows into a pipe that is submerged into water and due to diffusion they create a new fluid that is less dense 
than water, but heavier than air. The new fluid will rise higher against the water level, which creates an 
absorption. For industrial applications we can name ecological fishing, cleaning underwater relics etc. 
 
 
Keyword list numerical simulation, VOF method, Multhipahse (Eulerian) model, air lift pump, ecological fishing  
 
Results 
 

The study started a few months ago so we were able to obtain certain results, such as the distribution 

of pressure, density, volume fraction, gradients of velocities on different axes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1 Density distribution 
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Fig 2 Local density distribution 

 

 In Fig. 1 we have density distribution on entire domain, while in Fig. 2 we have the local 

density distribution. On the left pipe (blue color, density is 1.225 kg/m3) we have air entering at a 

pressure of 3 atmosphere and on the right pipe we have a mixture of air and water. Water enters from 

downwards (red color, density is 1000 kg/m3) and goes up due to pressure difference. 
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Summary:  
The closing processes of the projects influenced their performance from the perspective of how the transfer of 

competences and resources was managed between the different categories involved. The focus of the efforts of the 

project teams on the processes of beginning and developing the projects generates a weaker involvement in the closing of 

the projects, and this aspect is frequently to the disadvantage of the beneficiaries. The present research paper highlights 

the need for an integrated approach to the processes of project completion, in the context of the sustainability 

requirements imposed by the owners. The obtained results can give a complete image to the future project managers who 

can thus know the particularities of the closing processes, even from the testing and acceptance phase. 

 
Motivation 
The sustainability of the projects has become a strict requirement of the beneficiaries in the context of increasing 

financial pressure and performance objectives. If for the management of the projects during the implementation period 

the methodologies and the tools have been developed at theoretical and practical level, the processes of transfer of 

ownership and competences, from the end of the projects, can generate difficulties. The present research is motivated by 

the need for a new approach to the processes of closing projects in the context of ensuring a high sustainability. In the 

processes of designing and implementing the priority projects is ensuring the appropriate degree of achievement of the 

results through the indicators. The sustainability of the project exceeds quantitatively and qualitatively the results of the 

project and relates to their impact in relation to the system of needs or opportunities. The research aims to provide an 

operational tool for the management teams recommended to be applied in the closing processes of projects to ensure 

sustainability. 

 

Results 
The results of the research are constituted in an operational instrument that can be applied from the project development 

stage, which can be a potential guarantee of sustainability. The use of this tool is conditioned by the succession of the 

proposed stages, by the collection and processing of the results but also by the interests of the applicants. In multiple 

situations, the interests of the decisions affect the closing phase of the projects and implicitly the global performance.. 

The limits of the obtained results are determined by the transparency of all the actions and interests of the interested 

parties, being considered the hypothesis that they all act in a convergent system. 

In terms of ensuring sustainability, application of the instrument can generate certain additional costs, which must be 

accepted by the owners and sponsors. Their degree of predictability is limited and requires the use of experienced human 

resources in financial management. 

The sustainability of the projects from the perspective of the closing phase requires a proactive approach, throughout the 

life cycle, because in the end, regardless of the resources available, the positive effects cannot be maximized. 
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Summary: 
In this paper we present an experimental set-up for measuring small frequency differences between two RF oscillators 
[1] by using a homodyne detection scheme [2]. To emulate the oscillators, we used two RF sources (see Figure 1): an 
N5183A microwave signal generator and an EA5061A network analyzer, both from Agilent. The two signals were then 
mixed by using a ZFM-2000+ mixer from Mini-Circuits and the output of the mixer was fed into an HM5530 frequency 
analyzer from Hameg. 
 
Motivation 
These experiments were used in the framework of the Complex Project "Sensors and Integrated Electronic and Photonic 
Systems for People and Infrastructures Security" (Project SENSIS). Their purpose was to evaluate a possible method to 
discriminate the resonance frequency change of a TF-BAR sensor as a response to its contamination with a chemical 
species. 
 

 
 

Figure 1. The experimental set-up used to measure small frequency differences between two RF oscillators by using a homodyne 
detection scheme. 

1 
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Table 1. Experimental results obtained using the measurement set-up shown in Figure 1. 
 

 
 

Figure 2. A photo of the experimental bench described in Figure 1. 
 
Results 
The measurement results are summarized in Table 1 for a series of 8 experiments that were performed using the set-up 
described in Figure 1. As can be seen, frequency differencies Δf of 10 kHz, 50 kHz, 100 kHz, 500 kHz, and 1000 kHz 
can be measured without problems and these correspond to the expected deviations of the resonance frequency of a TF-
BAR sensor when exposed to vapors of the explosive substance to be detected. Hence, the proposed scheme corresponds 
to the requirements of the SENSIS project and allows to quantify the amount of explosive substances that are detected by 
the TF-BAR sensor. These measurements serve as a proof of concept in the study of multiple detection of explosive 
substances and help validate the electronic interface needed for the developement of a TF-BAR sensor based system 
dedicated to security of critical infrastructures. These investigations can also be useful for different studies related to 
optical fibers [3] and optoelectronics in general [4]. 
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Summary: 
The results of algorithmic testing of digital histological studies of the duration of kidney tissue damage based on 

polarization reconstruction of linear birefringence maps of protein fibrillar networks are presented. The relationships 

between the temporary change in the magnitude of the statistical moments of the 1st - 4th orders of magnitude 

characterizing the distribution of the degree of crystallization of histological sections of the kidney and the duration of 

damage are determined. 

 

Motivation  
Development of a set of objective forensic medical criteria to expand the functionality and improve the accuracy of 

establishing the limitation of damage to internal organs according to multi-parameter digital histological examination of 

kidney tissue through the integrated use of polarization mapping and reconstruction (tomography) of the polycrystalline 

structure of prototypes based on statistical analysis of the temporal dynamics of changes in topographic structure of the 

polarization tomography crystallization degree of histological sections. 

To describe the processes of transformation of the polarization structure of optical radiation by partial 

optically anisotropic layers, the following algorithm was obtained1 in terms of the parameters of the Stokes 

vector  4321 ;;; SSSSS   

 

    rSr
dr

dS
 .                                                           (1) 

 

Here   r  - differential Mueller matrix;  rS  - Stokes vector of optical radiation at a distance r  in a medium.  

To represent the optical properties of an anisotropic medium using the formalism of the Mueller matrix, expression (1) 

takes the following form 2 

 

  
    rrF

dr

rFd
 ,                                                    (2) 

where   rF  - Mueller matrix of a phase-inhomogeneous object in the plane of the partial layer located at a distance r . 

For single scattering (non-depolarizing) layers, the symmetry of the differential matrix   r  is a combination of six 

polarization properties 3. 
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Here 90,0LD  and 90,0LB  - linear dichroism and birefringence for the direction of the optical axis 
00 ; 135,45LD  

and 135,45LB  - linear dichroism and birefringence for the direction of the optical axis 
045 ; CD  and CB  - 

circular dichroism and birefringence. 
In what follows, we will use the generalized linear birefringence parameters to analyze the optical anisotropy of the 

polycrystalline structure of biological layers ( LB ) 

 
2

135;45

2

90;0 LBLBLB  .                                                     (4) 

 
Results 

The results of polarization tomography of digital histological studies of large-scale (40x) 

topographic maps of linear birefringence of histological sections of the kidney are shown in Fig.1. 

 

 
Fig. 1. Maps of the distributions of linear birefringence (x40) of histological sections of the kidney of the dead from the 

control group (1), research groups with different damage durations (6 hours - (2)) and (18 hours - (3)). 

 
An analysis of the results of large-scale polarization reconstruction of the degree of crystallization of kidney samples 

revealed: 

 the average distribution of the degree of crystallization is two linear intervals of 1 hour - 24 hours. and 24 hours 

- 48 hours and a range of variation of the eigenvalues of 0.045; 

 dispersion of the distribution of the degree of crystallization — a linear interval of 24 hours and a range of 

variation of the eigenvalues of 0.27; 

 asymmetry of the distribution of the degree of crystallization - two linear intervals of 1 hour - 24 hours and 24 

hours - 72 hours and a range of variation of the eigenvalues of 2.14; 

 excess of the distribution of the degree of crystallization - two linear intervals of 1 hour - 24 hours and 24 hours 

- 72 hours and a range of variation of the eigenvalues of 2.99. 
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Table 1. Temporal dynamics of changes in statistical moments of the 1st - 4th orders characterizing the distribution of 

the magnitude of the linear birefringence (40x) of histological sections of the kidney 

 

,T  hours 2 4 6  12 18 

1SM х10-3 0,78 0,024 0,71 0,021 0,63 0,019 0,49 0,013 0,35 0,011 

p  05,0p  

2SM  х10-3 0,69 0,019 0,61 0,018 0,53 0,016 0,37 0,014 0,21 0,011 

p  05,0p  

3SM  0,75 0,025 0,94 0,037 1,13 0,041 1,51 0,062 1,74 0,076 

p  05,0p  

4SM  1,07 0,041 1,38 0,059 1,62 0,061 1,88 0,073 2,21 0,099 

p  05,0p  

,T  hours. 24 48 72 96 120 

1SM  х10-3 0.21 0,009 0,07 0,002 0,06 0,002 0,05 0,002 0,04 0,002 

p  05,0p  05,0p  

2SM  х10-3 0,05 0,002 0,05 0,003 0,03 0,002 0,04 0,002 0,03 0,002 

p  05,0p  05,0p  

3SM  1,92 0,083 2,12 0,097 2,46 0,11 2,35 0,11 2,42 0,12 

p  05,0p  05,0p  

4SM  2,47 0,11 2,76 0,11 3,08 0,14 3,13 0,13 3,19 0,15 

p  05,0p  05,0p  

 
Table 2. Time intervals and accuracy of the method for reconstructing the polycrystalline structure of histological 

sections of kidney tissue 
Statistical moments Interval, hours Accuracy, min. 

Increase  4х 40х 4х 40х 

Average 1-24 
24-48 

1-24 
24-72 

45 
55 

35 
45 

Dispersion  1-24 
24-48 

1-24 
24-72 

45 
55 

35 
45 

Asymmetry 1-24 
24-72 

1-24 
24-120 

35 
50 

25 
45 

Excess 1-24 
24-72 

1-24 
24-120 

35 
50 

25 
45 
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Summary: 

The materials of the experimental determination of the set of maps and histograms of the distribution of the magnitude of 

the fluctuations of linear (DFLB) birefringence for differential diagnosis and the formation of hemorrhages of traumatic 
origin, cerebral infarction ischemic and hemorrhagic genesis by diffuse tomography of the polycrystalline structure of 

histological sections of the brain. 

 

Motivation 

Cases of coronary heart disease (control group 1), traumatic hemorrhage (research group 2), cerebral infarction ischemic 

(research group 3), and hemorrhagic (research group 4) genesis were investigated. 

In Fig. 1 and Fig. 2 shows the polarized-reproduced diffuse maps of DFLB (left column) and histograms (right column) 

of the distribution of the magnitude of fluctuations in the linear birefringence of histological sections of the brain of the 

deceased. 

 
Fig. 1. Maps (left column)) and histograms (right column) of the DFLB distribution of histological sections of the brain 

of the dead from group 1 (top row) and group 2 (bottom row). 

 

From the analysis of diffuse tomography data1,2 of the distribution of the magnitude of the fluctuations of linear 

birefringence, it was found: 

 individual topographic structure of the distribution of fluctuations of linear birefringence of fibrillar networks of 

histological sections of the brain of deceased from all groups; 
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Fig. 2. Maps (left column)) and histograms (right column) of the DFLB distribution of histological sections of the 

brain of the dead from group 3 (top row) and group 4 (bottom row). 

 
 histograms of the distribution of the DFLB value of histological sections of the brain from all groups are 

characterized by different localization of the main extreme, ranges of scatter of random values, significant asymmetry 

and sharpness of the peak. 

 

Results 
The average values and errors of determining the set of statistical moments of the 1st - 4th orders of magnitude 

characterizing the distribution of the DFLB value are presented in table 1.  

 

Table 1. Statistical moments of the 1st - 4th orders characterizing the distribution of the DFLB value of histological 

sections of the brain of groups 1 – 4 
 

Parameters  Group 1 Group 2 Group 3 Group 4 

1SM  0,08 0,0035 0,12 0,005 0,14 0,006 0,13 0,0055 

2SM  0,11 0,0045 0,16 0,007 0,21 0,009 0,17 0,0075 

3SM  0,41 0,019 0,33 0,015 0,27 0,012 0,21 0,009 

4SM  0,56 0,025 0,48 0,021 0,39 0,018 0,31 0,013 

 
The results of a statistical analysis of polarized-reconstructed maps of the magnitude of fluctuations of linear 

birefringence (table 1) found a statistically significant difference ( 4;3ip ) between the values of all statistical moments 

of the 3rd and 4th orders of magnitude characterizing the asymmetry and excess of the distributions of the magnitude of 

the DFLB of histological sections of the brain for cases of coronary heart disease, hemorrhages of traumatic origin, 

cerebral infarction of ischemic and hemorrhagic genesis (control group 1 and research groups 2 to 4). 

An information analysis of the strength of the method of diffuse tomography of linear birefringence of the fibrillar 

networks of the nervous tissue of brain samples revealed the following diagnostic effectiveness, which is illustrated by 

the data shown in Table 2. 
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Table 2. The specificity, sensitivity, accuracy of the DFLB method of histological sections of the brain 

 

Groups “1 – 2+3+4” 

Parameters Sensitivity, ,%Se  Specificity, ,%Sp   Accuracy, ,%Ac  

1SM  86 84 85 

2SM  92 90 91 

3SM  100 98 99 

4SM  100 97 98,5 

Groups “2 – 3” 

Parameters Sensitivity, ,%Se  Specificity, ,%Sp   Accuracy, ,%Ac  

1SM  82 80 81 

2SM  84 82 83 

3SM  95 95 95 

4SM  95 95 95 

Groups “2 – 4” 

Parameters Sensitivity, ,%Se  Specificity, ,%Sp   Accuracy, ,%Ac  

1SM  83 81 82 

2SM  82 80 81 

3SM  92 88 90 

4SM  92 88 90 

Groups “3 – 4” 

Parameters Sensitivity, ,%Se  Specificity, ,%Sp   Accuracy, ,%Ac  

1SM  70 66 68 

2SM  68 64 66 

3SM  82 80 81 

4SM  81 79 80 

 

Conclusions 

The following strength parameters of the diffuse tomography method were experimentally established: 

 satisfactory (average - 84% - 86%), good (dispersion - 90% - 92%) and excellent (asymmetry and excess - 97% - 

100%) balanced accuracy of differentiation of histological sections of the brain of the "1"- "2 + 3 +4 " groups ; 

 good ( 43;SMSM  - 88% - 92%) balanced accuracy of intergroup differentiation of histological sections of the 

brain sections of the "2" - "4" groups; 

 satisfactory (statistical moments of the 1st and 2nd orders - 80% - 82%) and excellent (statistical moments of the 

3rd and 4th orders - 95%) balanced accuracy of intergroup differentiation of histological sections of the brain of the 

"2" - " 3 " groups ; 

 unsatisfactory balanced accuracy of intergroup differentiation of histological sections of the brain of the  "3" - "4" 

groups; 
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Summary 
The results of a study of the effectiveness of forensic medical differential diagnosis of cases of alcohol and carbon 

monoxide poisoning by the methods of differential Mueller-matrix polarization-phase tomography by multichannel 

sensing of different-polarized laser beams of histological sections of the brain are presented. 

 
Motivation 
Here is the structural and logical diagram and design of forensic medical research using the method of polarization-phase 

tomography of the polycrystalline structure of histological sections of tissues of internal organs and a polycrystalline film 
of blood from coronary heart disease (CHD), as well as cases of poisoning with alcohol and carbon monoxide, - Fig. 1. 

 
Method 

Polarization-phase tomography of the polycrystalline component of biological preparations of human internal organs 

Parameters 

Tomograms of coordinate distributions of average values of linear birefringence (LB) of polycrystalline networks of 

biological preparations of human internal organs 

The objects 

Histological sections of internal organs 

Control group 1 

(CHD) 

Control group 2 

(alcohol poisoning) 

Control group 3 

(carbon monoxide poisoning) 

Data analysis 

statistical approach 

Average, Sr  

LB 

Dispersion, Dp  

LB 

Asymmetry, As  

LB 

Excess, Ek  

LB 

Інформаційний підхід 

Sensitivity, Se  Specificity, Sp  Accuracy, Ac  

Forensic medical criteria for polarization-phase tomographic differentiation of cases of poisoning with alcohol and 

carbon monoxide 

 
Fig. 1. The structural-logical diagram of differential Mueller-matrix polarization-phase tomography of the 

polycrystalline component of biological preparations. 

Results 
On the fragments of  Fig. 2 shows tomograms (fragments (1) - (3)) of the distribution of the LB value of histological 

sections of the brain from the research (fragments (1)) and two control (fragments (2), (3)) groups of samples. 
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Fig. 2. Tomograms of coordinate distributions of the magnitude of the linear birefringence of histological sections 

of the brain. 

 

Significant differences were found in the topographic structure of the tomograms of LB histological sections of the brain 

of patients who died from coronary heart disease and poisoning with alcohol and carbon monoxide. 

Quantitatively, such a process is accompanied by a decrease in the average and dispersion values, as well as an increase 

in the values of statistical moments of the 3rd and 4th orders characterizing the distribution of the LB value of the 

samples of histological sections of the brain of the dead as a result of poisoning with alcohol and carbon monoxide, table 

1. 

 
Table 1. Value of the samples of histological sections of the brain of the dead as a result of poisoning with alcohol and 

carbon monoxide 

Sample Histological sections of the brain 

Statistical moments Group 1 

( 45n ) 

Group 2 

( 45n ) 

Group 3 

( 45n ) 

Average, Sr х10-2 0,59 0,027 0,41 0,023 0,25 0,012 

21
; pp ,  05,0

1
p  05,0

2
p  

2;1
p   05,0

2;1
p  

Dispersion, Dp х10-2 0,49 0,025 0,29 0,014 0,15 0,007 

21
; pp ,  05,0

1
p  05,0

2
p  

2;1
p   05,0

2;1
p  

Asymmetry, As  0,43 0,021 0,87 0,039 1,42 0,065 

21
; pp ,  05,0

1
p  05,0

2
p  

2;1
p   05,0

2;1
p  

Excess, Ek  0,77 0,031 1,27 0,058 1,98 0,092 

21
; pp ,  05,0

1
p  05,0

2
p  

2;1
p   05,0

2;1
p  

OMN100-61 (2)



 

The statistical reliability ( 05,0;;
2;121
ppp ) of the use in forensic medical differentiation of samples of histological 

sections of the brain of deceased from all groups of the average Sr , dispersion Dp , asymmetry As  and excess Ek , 

characterizing the polarized-reproduced coordinate distribution of the average LB value, has been established. 

The results of an information analysis of the strength of the polarization-phase tomography method are presented in table 

2. 

 
Table. 2. Operational strength characteristics of the polarization-phase tomography method 

 

Sample Histological sections of the brain 

4.3.2.1iSt  Average, Sr  Dispersion, Dp  Asymmetry, As  Excess, Ek  

,%Se  a=38; 

b=5 

88.8 a=37; 

b=5 

88,8 a=39; 

b=3 

93,3 a=40; 

b=2 

95,5 

,%Sp  c=37; 

d=5 

88,8 c=37; 

d=6 

86,6 c=38; 

d=4 

91,1 c=39; 

d=3 

93,3 

,%Ac  N=45 88,8 n=45 87,7 n=45 92,7 n=45 94,4 

 

A good ( %89%88, DpSr ) and excellent ( %95%93, EkAs ) level of balanced accuracy of differential 

diagnosis of cases of alcohol and carbon monoxide poisoning by polarizing reconstruction of tomograms of linear 

birefringence of fibrillar networks of brain tissue was demonstrated. 
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Summary 
The results of the study of the possibilities of the method of differential Mueller-matrix mapping of the completely 

polarized polycrystalline component of the optically thick layers of the myocardium dead due to coronary heart disease 

(CHD) and acute coronary insufficiency (ACI) are presented. 

 
Motivation 

It is shown 1 that the parameters of optical anisotropy are determined by the following logarithmic 

matrix algorithm  zL  
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Expression (1) taking into account relations (2) can be rewritten as follows 
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On this basis2,3, polarization-phase tomography algorithms were obtained - analytical expressions of the Mueller-matrix 
reproduction of the average values of the phase anisotropy parameters of the polycrystalline structure of an optically 

thick biological layer 
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Results 
In fig. 1 shows a series of histograms of the distributions of the averaged parameters of  linear and circular birefringence 

of ( BLCBLB ;; ) optically thick ( 97,093,0  ) histological sections of the myocardium of the deceased due 

to CHD (fragments (1) - (3)) and ACI (fragments (4) - (6)). 

 

 
 

Fig. 1. Histograms of the distribution of linear (fragments (1), (3), (4)) and circular (fragments (2), (5)) birefringence of 
histological sections of myocardial deceased from CHD (fragments (1) - (3)) and ACI (fragments (4) - (6)). 

 
A comparative analysis of the histograms of the distributions of the parameters of the mechanisms of phase anisotropy of 

the myocardial layers of both groups confirmed the conclusion about a decrease in the level of linear birefringence 

(fragments (1), (3), (4), (6)) in the case of CHD and, conversely, a decrease in the magnitude of circular birefringence 
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(fragments (2), (5) in the case of ACI, which is indicated by a decrease in the range of changes and the magnitude of the 

main extrema of the corresponding histograms. 

Quantitatively, such transformations of the polycrystalline structure of optically thick layers of the myocardium are 

illustrated by statistical analysis of two-dimensional distributions of the magnitude of the elements of a first-order 

differential matrix of the completely polarized component of depolarizing polycrystalline networks, shown in table 1. 
A comparative analysis of the set of statistical moments of the first and fourth orders revealed the following most 

sensitive to changes in the phase and amplitude anisotropy of the myocardial layers against the background of a 

depolarized background of multiply scattered radiation (highlighted in gray): 

 

 

 

 

 

 



















%);94(97,515,2,,

%);91(83,242,2,,

%);73(11,271,1,,

%);71(07,25,1,,

4

3

2

1

AcBLCBLBZ

AcBLCBLBZ

AcBLCBLBZ
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Table 1. Statistical moments of the 1st - 4th orders characterizing the distribution of the linear and circular birefringence 

of the histological section of the myocardium ( 98,0 ) of the deceased due to CHD and ACI 

i
Z  

32;23
m  

42;24
m  

43;34
m  

1
Z  5,75  

0,33 

8,16  

0,57 

3,27  

0,16 

7,09  

0,47 

3,57  

0,19 

7,34  

0,49 

2
Z  4,23  

0,28 

2,87  

0,16 

1,93  

0,12 

3,41  

0,18 

1,84  

0,11 

3,67  

0,21 

3
Z  0,62  

0,036 

1,69  

0,11 

2,12  

0,13 

0,87  

0,052 

1,92  

0,14 

0,73  

0,044 

4
Z  0,41  

0,028 

0,88  

0,054 

1,96  

0,13 

0,41  

0,025 

1,71  

0,09 

0,34  

0,019 

 
Conclusions 
The third and fourth order statistical moments, which characterize the distributions of linear and circular birefringence 

parameters, turned out to be the most sensitive and treatment-accurate (excellent quality %90fAc ). 
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Motivation 
The theoretical analysis of the distributions of the magnitude of the elements of depolarization of the component of 

the Mueller matrix is based on our generalized Azzam-Osikovsky theory 1, 2 for the case of spectrally selective 

sounding of an optically thick biological layer and reproduction of the distribution of fluctuations of the optical 

anisotropy parameters, as well as its model addition, was proposed by V. Devlaminck in 3. Here, the magnitude of 

each of the elementary polarization properties 61i  of the scattering medium is considered as the average i  and 

fluctuating i  components 
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where iD  - standard deviation of fluctuations in polarization properties.  

In approximation (1) - (3), V. Devlamink [3] obtained the following expression for a second-order differential 

matrix 
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An analysis of expression (4) reveals the following physical meaning of the partial elements of the depolarization 

component of the Mueller matrix of an optical-thick biological layer with fluctuations in the parameters of linear 
and circular birefringence and dichroism: 

 diagonal elements  iim2  of a second-order differential matrix are determined by combinations of the 

magnitute of dispersion iD  of fluctuations in the parameters of various mechanisms of phase and amplitude 

anisotropy of an optically thick layer of biological tissue; 
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 diagonal elements   kim  2
  represent the degree of correlation between fluctuations of various 

polarization properties of linear and circular birefringence and the dichroism of the polycrystalline 

component of biological layers. 

It should be noted that with an increase in the light scattering frequency in the volume of the biological layer, the 

degree of correlation between the parameters of various mechanisms of phase and amplitude anisotropy decreases 

and tends to zero. Due to this, the second-order differential matrix operator (the depolarization component of the 

Mueller matrix) takes the form 
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Thus, off-diagonal elements  iim2  are treatment-sensitive to changes in the polycrystalline structure of biological 

layers under transitional conditions from partial to severe depolarization. The boundary depolarization conditions 

are studies of diagonal matrix elements   kim  2
, the magnitude of which is correlated with the dispersion 

2

i  of 

fluctuations of linear and circular birefringence and dichroism of an optically thick biological layer with multiple 

light scattering. 

 
Results 
We studied two groups of samples of histological sections of operably removed endometrial cysts of the 2nd (group 

1) and 3rd degree (group 2) severity of endometriosis. The optical thickness of the layers of biological tissues varied 

within 39,211,2  , and the degree of depolarization %88%79   . Under these conditions, the symmetry 

of the matrix operator  2m  acquires an almost diagonal form (relation (5)). Therefore, the statistical moments of 

the 1st – 4th orders, characterizing the distribution of the magnitude of the diagonal elements  iim2  of the 

second-order differential matrix, were considered as diagnostic parameters. 

In fig.1 shows histogram maps of the distribution of the magnitude of the diagonal element 
2

22m  of 

histological sections of the endometrial biopsy with various pathologies. 

 
Fig. 1. Maps (fragments (1), (3)) and distribution histograms (fragments (2), (4)) of the magnitude of the diagonal 

element 
2

22m  of the histological sections of the endometrial biopsy with various pathologies. 

 
From the obtained data it is seen that endometriosis of the 3rd degree of severity is accompanied by a significant 

increase in the magnitude of linear birefringence. Quantitatively, this fact is illustrated by histograms of the 

distribution of the element      CDLDLBm 2

2

2

1

2

4

2

22    of histological sections of the endometrial 
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biopsy with varying severity of pathology, - fig. 1, fragments (2), (4). As can be seen, the range of the magnitude 
2

22m  changes almost doubles. Physically, this can be associated with a trend  LB2

4  due to the growth of 

linearly birefringent protein fibrils. Therefore, in the volume of such a multiple scattering pathological 
polycrystalline network, the dispersion of fluctuations of linear birefringence also increases. 
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Summary:  
The relationship between statistical structure parameters of rough surface and associated correlation parameters of 

scattered field is based on the model of random phase object. We propose technique for measuring surface roughness of 

mirror, based on measurement of a the contrast of the interference pattern in a field, as well as the device implementing 

this technique. The sensitivity limit of the method in measuring the standard deviation of surface profile from base line is 

about 2 nm.  

 
The diagnostics  of   slightly   rough   surfaces has been the subject of considerable interest recently. A great deal of 

progress has been made in this field [1]. A whole new class of optical diagnostics  methods  has  been  developed  such  

as optical profiler total integrated scattering, angle-resolved scattering, speckle optics, interference and  optical  

correlation techniques, etc [2]. 

 A number of interference methods  for  measuring  surface roughness  are based on  the  model of random phase 

screen, which presumes [3]: i) infinitely  extended  object (all  spatial  frequency components of the radiation scattered by 

the  object are present in registration zone); (ii) phase variance of the object is small; (iii) the  correlation length  of  the 

inhomogeneity  is  larger  than  the wavelength. 

 A unique relationship is  known to  exist  within  this  approach  among  the   statistical parameters describing  the  

object  structure  and  associated correlation parameters of the scattered field [4].  

 We propose technique for measuring surface roughness of mirror, based on measurement of a the contrast of the 

interference pattern in a field, as well as the laboratory layout implementing this technique. 

 The device can by made either as a portable measuring head, or as a  stationary  instrument,  depending  on  the  size  

and  the position of the object to be measured. The advantages of the device over those currently in use are its fast acting 

(10 measurements per second), high  precision (below 2 nm),  non-contact  nature  of  the measurement, and the 

possibility of  averaging  over  a  large number of roughness elements (throughout the analyzed area of the mirror). 

 Therefore, in a shearing  interferometer,  the  object field interferes with itself, rather than with  the  reference field, 

thus making possible the  measurements  of  arbitrarily shaped surfaces with the radius of curvature larger than 0.2 m. 

This is especially important e.g. in the photochemical industry to monitor the quality of calender shafts, in the space 

industry to monitor the quality of mirrors fabricated by diamond micro-shapening etc. Being directly mounted at the 

polishing machine  tool,  this device was used for the surface quality control during making of the detail.  

 

 
References 
[1] Gong, Y., Xu, J. & Buchanan, R. Surface roughness: A review of its measurement at micro-/nano-scale. Physical 

Sciences Reviews, 3(1), 0057 (2018). 

[2] Bennett, J. M.  and  Mattsson, Z.  Introduction  to  Surface Roughness and Scattering, Opt. Soc. of America,  

Washington, D. C., (1993). 

[3] Rytov, S.M., Kravtsov, Yu. A. and Tatarsky, V.I., Introduction to Statistical Radiophysics, Part II, Random Fields, 

Nauka, Moscow, (1978). 

[4] Angelsky, O.V., Maksimyak, P.P., Hanson, S., The Use of Optical-Correlation Techniques for Characterizing 

Scattering Object and Media, SPIE Press PM71, Bellingham (1999). 

 

Address:Correlation Optics Dept, Chernivtsy University, 2 Kotsyubinsky St., Chernivtsy 274012, Ukraine 

pmaksimyak@gmail.com     Peter Maksimyak 
Number and name of Section - 3  

OMN100-64 (1)



 Spectropolarimetry differential diagnosis  
of adenocarcinoma and squamous cell cervix carcinoma   

 
Olexander Peresunko1), Katerina Chala1), Maria Ju. Gruia2),  

Nina Horodynska3),  Sergey Yermolenko3) 

1) Bukovinian State Medical University, Chernivtsi,  Ukraine, 
2)Oncologic Institute "Al.Trestioreanu",  Bucharest, Romania, 

3) Correlation Optics Dept., Chernivtsi National University, Chernivtsi,  Ukraine, 
2 Kotsyubinsky Str., Chernivtsi, 58012 Ukraine,  serg.yermolenko@gmail.com 

 
Keywords: endometrium, adenocarcinoma, linear dichroism, spectrum, spectropolarimetry 
 
Summary 
The aim of this work is to improve the diagnosis of cervical cancer by introducing laser polarimetry and spectro-
polarization methods of investigation. We have proposed a novel approach for the differentiation of squamous 
cell carcinoma and cervical adenocarcinoma using laser optics. Obtained by the method of laser polarimetry by 
Stokes parameter S4 of native smear with adenocarcinoma of the cervix and squamous cell carcinoma, as well as 
scraping of the mud canal with endometrial adenocarcinoma  and flat cell cancer  allows to reliably differentiate 
the norm from cancer in the native smear and adenocarcinoma from the flat cell cancer in the smear-imprint.  
The method of spectropolarimetry allows reliably accurately distinguishing the normal epithelium of the cervix 
from cancer of the cervix, and the parameters of linear dichroism during the spectropolarization study, reliably 
(р=0,001) differentiate between normal, adenocarcinoma and flat cell cancer of the cervix. 
 
Motivation 
Literature data [1] show that laser optics may be a new approach for the differentiation of squamous cell 
carcinoma and cervical adenocarcinoma (CC&CA). 
The purpose is to improve the diagnosis of СС by introducing laser polarimetry and spectro-polarization research 
methods. The subjects of the study were native smears and smear-scrapes scraped from the wall of the cervical 
canal in patients with adenocarcinoma and squamous cellular СС. The laser smear polarimetry was irradiated 
with a He-Ne laser with a constant wavelength (0,6328 μm) but with a variable laser beam inclination. By 
spectrometry, native cervical smears were irradiated over a wide spectral range 330-750 nm, investigated 
changes in the polarization parameters on the values of linear dichroism. 
 
Results 
Determination by the method of laser polarimetry of Stokes parameter S4 of a native smear at adenocarcinoma 
of the cervix (asymmetry - 0,01150,0012, kurtosis 0,85  0,05) and squamous cell carcinoma (asymmetry - 
0,00920,0004, kurtosis - 0 , 740.07), as well as scraping of the mud canal with endometrial adenocarcinoma - 
0.0580.01, excess - 1.780.09) and flat cell cancer (asymmetry 0.0120.004, excess - 0.350.07) allows to 
reliably (p=0.001) differentiate the norm from cancer in the native smear and adenocarcinoma from the flat cell 
cancer in the smear-imprint. 
Parameters of linear dichroism in cervical cancer can reliably (p=0.001) differentiate between normal, 
adenocarcinoma and squamous cell carcinoma (native smear with squamous cell carcinoma - 0.94  0.21, with 
adenocarcinoma 0.3430.041; cervix - 0,2120,014, with adenocarcinoma - 0,3960,081). 
 
Conclusions. The method of spectropolarimetry allows to accurately accurately distinguish the normal 
epithelium of the cervix from cancer of the cervix, and the parameters of linear dichroism during the 
spectropolarization study, reliably (р=0,001) differentiate between normal, adenocarcinoma and flat cell cancer 
of the cervix. 

 
References 
[1]  I. Gruia, S.B. Yermolenko, C. Gavrila, P.V. Ivashko, and  M.I. Gruia, “Measurements in dynamics of cells 
membrane modifications induced by free radicals of oxygen attacks by spectropolarimetry and biochemical 
techniques”,  Proc. SPIE, 8338, 83380M (2011). 

OMN100-65 (1)



Diagnosis of cervical cytological smears  for availability of 
papillomavirus by spectropolarimetry 

Olexander Peresunko1), Ion Gruia2),  Sergey Yermolenko3), Dmitry Burkovets3) 

1) Bukovinian State Medical University, Chernivtsi,  Ukraine 
2) Faculty of Physics, University of Bucharest, Romania, 

3) Correlation Optics Dept., Chernivtsi National University, Chernivtsi,  Ukraine, 
2 Kotsyubinsky Str., Chernivtsi, 58012 Ukraine,  serg.yermolenko@gmail.com 

 
Keywords: information optics techniques, polarization, biological tissue, malignant tumor, linear dichroism 
 
Summary 
The purpose of the work was to demonstrate the possibility of optical diagnosis of cytological smears of the 
cervix for the presence of HPV using spectral and polarization methods. Comparison of cervical specimens 
with and without coilocytosis, irradiated with a range-shifted polarized radiation, showed significant 
differences in the values of linear dichroism and its spectral dependences. The difference between the 
coilocyte response characteristic in the range 395-415 nm was calculated using computer programs. As a 
result, the use of spectropolarization studies and the fluorescence method will improve the accuracy of 
patient selection for a costly procedure - high-carcinogenic DNA diagnostics of HPV by the standard 
method of polymerase chain reaction. 
 
Motivation 
Cervical cancer screening involves the testing of women with papillomavirus (HPV) by polymethylase 
chain reaction (PCR). Due to the difficult economic situation in Ukraine, such a population survey is rather 
costly and organizationally complex. However, this should be done due to the high incidence of cervical 
cancer in women of reproductive age and the rise in sexually transmitted infections (including HPV). 
The pathogenetic cytologic feature of HPV is the presence of coyocytes or balloon-cell (Koss, 1984), but 
the accurate diagnosis of human papillomavirus (HPV infection) is based on the detection of a DNA virus  
that reflects the severity and prognosis of the disease. The viral load of  3 genomic equivalents (GEs) of 
high-risk carcinogenic HPV (van Duin et al., 2002; Meberg et al., 2005), per 100,000 human cells, is 
clinically insignificant as virtually does not occur with severe dasplasia. and cancer. On the contrary, a 
virus count > 5 GE per 100,000 cells is defined as an increased HPV load and is associated with the 
likelihood of severe dysplasia and cancer. 
The purpose is to demonstrate the possibility of laser diagnosis of cytological smears of the cervix for the 
presence of HPV using spectral-polarization methods. 
 
Results 
150 cytologic smears of the cervix with coilocytosis were studied, 55 without coilocytosis. Using a He-Ne 
laser, cervical smears were irradiated in a wide spectral range A,  = 330-750 nm, the changes of 
polarization parameters were investigated, and the anisotropic structure of the cervix was modeled by linear 
dichroism and its spectral dependencies. The wavelength of incident polarized radiation varied over a wide 
range (visible spectrum). 
Comparison of uterine ham specimens with and without coilocytosis with irradiated polarized radiation 
with a wavelength range revealed significant differences in the values of linear dichroism and its spectral 
dependencies. The difference between the coilocyte response characteristic in the range  = 395-415 nm 
was calculated using computer programs. In the second stage, comparing the laser results with the viral 
load of genomic equivalents of HPV in a PCR smear-scratch, it was found that  = 405-425 nm 
corresponds to  CE and 100 thousand cells (clinically insignificant result). In contrast,  = 425-440 nm 
corresponds to> 5 GE per 100,000 cells, which is a clinically relevant option (high carcinogenic risk). 
 
Conclusions 
The use of spectropolarization studies and the fluorescence method will improve the accuracy of patient 
selection for the costly procedure - high-carcinogenic HPV DNA diagnosis by standard PCR 
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Summary 
The results of applying algorithms for reconstructing parameters characterizing the linear dichroism of networks of 

biological crystals in differentiating changes in optical anisotropy associated with varying degrees of severity of pathology 

— pre-cancerous (atrophy and endometrial polyp) states of the cervix are presented. 

 

Motivation 

To analyze the manifestations of amplitude anisotropy, we used the short-wavelength region of the spectrum (
2

 ), where 

the maxima of the optically anisotropic absorption of protein molecules are localized.  The information on amplitude 

anisotropy is contained in the values of three azimuthally independent matrix elements  244;41;14 M  it was shown in1,2:  
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ik  - elements of the matrix of circular dichroism  
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g ,  gg ,  - absorption coefficients of the right- ( ) and left- ( ) circularly polarized 

components of the amplitude of the laser radiation. 

The solutions of the system of equations (1) - (3) are the following algorithms of the Mueller-matrix reconstruction 
of the parameters of linear and circular dichroism 
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Results 

As the objects of study, we used optically thin (geometric thickness mmd  3025  , attenuation coefficient 

1.0 ) histological sections of a biopsy of cervical tissue - endometrium in a precancerous state of two types: 

 simple endometrial atrophy - group 1 (36 samples)  

 endometrial polyp - group 2 (36 samples). 

In the series of fig. 1 - fig. 2 shows the results of the Mueller-matrix reconstruction of the distribution of the values 

of the parameters of the amplitude (  ) endometrial anisotropy with simple atrophy (fig. 1) and with a polyp (fig. 24). 

Each figure consists of coordinate (fragments (1), (2)) and topographic (fragments (3)) distributions of the coefficient of 

linear dichroism  . Topographic distributions are a system of lines of equal values   nm 5,0 . 

 
Fig. 1. Two-dimensional  nmD  2 , three-dimensional  nmD  3  and topographic  

  nm  1,0  distributions of the values of the linear dichroism   parameter of the histological section of an 

endometrial biopsy with simple atrophy. 
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Fig. 2. Two-dimensional  nmD  2 , three-dimensional  nmD  3  and topographic  

  nm  1,0  distributions of the values of the linear dichroism  parameter of the histological section of an 

endometrial biopsy of the endometrial polyp. 

 

A statistical analysis of the coordinate distributions of the values of the linear dichroism  nm  index of the 

endometrial layers in the precancerous state revealed a slightly larger range (up to 60% -70%) of the differences between 

the values   4;3;2;1iZ . 

The following data on the linear dichroism of histological endometrial sections were obtained: 

 with atrophy -         84,0,63,0,24,0,49,0 4321   ZZZZ ; 

 polyp -         09,1,91,0,19,0,52,0 4321   ZZZZ .  

As can be seen, for the polyp biopsy sample, there is a decrease ( 2Z ) in the statistical moment of the 2nd order (1.26 

times) and an increase in the magnitude of the statistical moments of the 3rd ( 3Z  - 1.44 times) and 4th ( 4Z  - 1.3 

times) orders. This fact indicates the sensitivity (the range of differences between the statistical moments characterizing 

the distribution of the values of the anisotropy parameters) of the polarization reproduction of the linear dichroism 

parameter  . 

The values of statistical moments averaged within both groups of samples are shown in table 1. 

 
Table 1.  Statistical moments of the 1st - 4th order characterizing the distribution of the values of the parameters of 

linear dichroism of histological sections of the endometrium 

 

iZ   , 3621  nn  

Atrophy 

 

Polyp 

 

1Z  0,48 0,037 0,53 0,041 

2Z  0,18 0,013 0,23 0,021 

3Z  0,69 0,058 0,95 0,089 

4Z  0,81 0,077 1,04 0,099 
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Table 2. Balanced accuracy of the method of Mueller-matrix reconstruction of the polycrystalline structure of histological 

sections of the endometrial biopsy 

 

iZ   ,%Ac  

1Z  61,1 

2Z  63,9 

3Z  77,8 

4Z  77,8 

 
 

Conclusions 
This method is aimed at differentiating the manifestations of optical anisotropy of samples very close in morphological 

structure that are found in a precancerous state. Therefore, the achieved level of accuracy (   %8,77Ac ) in terms 

of evidence-based medicine corresponds to a good level. 
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Summary 
The aim of this study is to study BRCA1 - 185delAg and 5382insC gene mutations in breast cancer patients 
and their relatives to identify new directions for the prevention, diagnosis and treatment of breast cancer. 
As diagnostic methods have been used ultraviolet spectrometry samples of blood plasma in the liquid state, 
infrared spectroscopy middle range (2,5 - 25 microns) dry residue of plasma polarization and laser 
diagnostic technique of thin histological sections of biological tissues. Obtained results showed that the use 
of spectrophotometry in the range of 1000-3000 cm-1 allowed to establish quantitative parameters of the 
plasma absorption rate of blood of patients in the third group in different ranges, which would allow in the 
future to conduct an express analysis of the patient's condition (procedure screening) for further molecular-
genetic typing on BRCA I and II. 
 
Motivation 
Recent years have seen the rapid development of breast cancer genetics (BCG). The identification of genes of 
hereditary susceptibility to the occurrence of BCG (BRCA1 and BRCA2) has provided the basis for a more in-
depth study of the role of hereditary factor in the development of BCG. In women with germline mutations in 
one of the alleles of the BRCA1 gene, the risk of developing a lifetime of BCG is 75% at the age of 50 years. In 
the Slavic population as well as in the Ashkenazi Jewish ethnic group, pathogenic 185delAg and 5382insC 
mutations are most commonly detected in the BRCA1 gene. 
Study of BRCA1 - 185delAg and 5382insC gene mutations in breast cancer patients and their relatives to 
identify new directions for the prevention, diagnosis and treatment of breast cancer. 
 
Results 
Genotyping of the 185delAg and 5382insC mutations in the BRCA1 gene was performed in the blood of 74 
patients with breast cancer, 42 relatives of the 1st degree of affinity, and 24 patients were almost healthy (control 
group). 
When screening for BRCA1 gene mutations (more than 50 mutations) in 116 women, groups of patients with 
hereditary and sporadic forms of breast cancer were identified, and high, medium, and low risk of breast cancer 
were identified in relatives of patients. On the basis of the results of the study, it is recommended to carry out 
organizational and methodological measures aimed at the early diagnosis of breast cancer and the choice of 
tactics for the treatment of patients and preventive measures in relatives. Genetic studies of BRCA1 gene 
mutations in patients with breast cancer and their families confirm that a significant role in the onset of this 
pathology is due to hereditary factors. 
 
Conclusions 
Preliminary observations of patients with breast cancer and their relatives who have undergone genotyping of the 
BRCCA1 mutations show the prospect of further studies in oncogenetics and molecular biology for the 
development of modern high-efficiency technologies with changing priorities for prevention and selection of 
women in the group. 
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Summary:  

Two lavender oils, having the same genetic material, were extracted in identical conditions (water steaming from 

Lavandula angustifolia flos). Differences consisted in the age of the culture and in the region of cultivation. The lavender 

oils were assayed for their composition using GC-MS and HPTLC [1]. GC-MS analysis was performed on a TRACE TR-

5MS capillary column, 5% phenyl polysilphenylene-siloxane, within the range 30–650 m/z. Identification was based on 

the mass spectrums from NIST library collection. HPTLC analysis was performed on silicagel, using ethyl acetate: 

anhydrous acetic acid: formic acid: water (72:7:7:14) as a mobile phase, and a migration distance of 8 cm.  

 

Motivation 

 
The use of lavender oil in muscular pain alleviation was largely documented, but also it has been claimed to have 

anxiolytic, antifungal and gastric syndromes alleviation effects [2]. 

 

Results 

 
The results showed linalyl acetate as the most important ester compound in both samples; other common identified 

compounds: cineole, linalool, caryophyllene oxide. However, the gas-chromatograms indicated slight differences 

between both qualitative and quantitative composition of the two oils, attributable to different cultivation conditions (soil, 

illumination, atmospheric). The results obtained were confirmed by the HPTLC analysis. 

As a conclusion, the efficiency of the culture is definitely influenced in all terms related to the quality of the essential oils 

by the cultivation conditions and procedures, having as a result different economic proficiency.                
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Summary: 
The method of vascular segmentation is considered as one of the main approaches to the creation of automated 
retinal analysis tools. Improved retinal image analysis that can be used for segmented vascular tree to calculate 
vessel diameter and tortuosity, differentiation of veins and arteries together with measurement of arteriovenous 
ratio. The algorithm of segmentation of the retinal vessels based on fuzzy clustering of c-means and the method 
of setting the level is proposed. Morphological processes, CLAHE, and appropriate image filtering techniques 
were used to enhance the picture before fuzzy clustering of vascular pixels. A method of segmentation on 
publicly available datasets that uses common validation metrics in retinal vessel segmentation is proposed. 
 
Motivation 
In the retina image, image analysis is used to diagnose and treat several eye diseases [1-2]. Examples of such 
diseases are glaucoma, diabetic retinopathy, and other chronic conditions that can cause complications in the 
retina, such as cardiovascular and renal diseases. There are many advantages to using computerized analysis of 
retinal images. First, taking an image is a non-invasive and safe procedure. For comparison purposes, let's look 
at current techniques for detecting kidney disease, consisting of blood and urine tests, followed by radiography 
or kidney scan, and sometimes kidney biopsy. These tests can be expensive to perform, and urine analysis is very 
dependent on the patient who took the sample. Using retinal image analysis can simplify this procedure. 
The second reason is the availability of the retinal image itself. 
Thirdly, with the increase of the elderly population worldwide eye diseases are increasing, and with this the 
demand for ophthalmic services will increase. Therefore, in clinical practice, there is a need to find cheaper ways 
to detect, treat and treat retinal diseases. Computerized image analysis can meet these needs. 
The purpose of the work is digital processing of ophthalmic images by the method of fuzzy clustering of           
C-means and comparison of results with other known methods. 
 
Results 
Segmented retinal vessels can be used to classify retinal diseases and systematically identify diseases such as 
diabetes, stroke, or hypertension. The algorithm of segmentation of the retinal vessels based on fuzzy clustering 
of c-means and the method of setting the level is proposed. 
Morphological processes, CLAHE and appropriate image filtering techniques were used to improve the picture 
before fuzzy clustering of vascular pixels. A method of segmentation is proposed for publicly available datasets 
that use common validation indicators in retinal vessel segmentation, where DRIVE results (sensitivity = 0.761, 
specificity = 0.981), STARE (sensitivity = 0.782, specificity = 0.965), and CHASE_DB1 (frequency) 0.968) was 
compared with other methods from literature sources. 
The proposed method allows for the processing of noisy and pathological images of the retina and provides good 
segmentation, especially in thinner vessels. 
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1. SUMMARY: 

Over the last decades, 3D printing has become more and more highly used in the production of various parts and 

prototypes. There are several technologies employed for 3D printing. Of these, the most widely spread and most 

affordable is probably the FDM (Fused Deposition Modelling) technology, which permits the use of various 

thermoplastic polymers to create 3D geometries by melting the material and deposing it in thin layers. Technical 

advances in latest years made 3D printers widely available and affordable. It is therefore of interest to investigate the 

properties of parts manufactured using the simplest of printers and the most usual materials. 

The present paper presents experimental investigations conducted regarding the influence of the printing regimes on the 

surface properties in 3D printed parts. Various printing parameters, such as extruder temperature, print speed and layer 

thickness were varied for the same part. Printing was done using a general purpose printer with a delta bot structure. The 

parts investigated in the present study were made using a generic PLA (poly-lactic acid) filament. Surface properties 

were then investigated optically by aid of a confocal microscope. Using the microscope’s dedicated analysis software, 

surface micro-topography was investigated and its parameters, obtained in accordance to ISO 4287, were analyzed.  

2. MOTIVATION 

In many engineering fields, 3D printing of parts has become a very important tool. Whether it is used due to cost 

effectiveness, to reduce prototyping times, or if it is employed to obtain complicated geometries, 3D printing is at present 

the most convenient solution for fast and low cost prototyping. Several studies found in literature [1-5], were already 

conducted with regards to the mechanical properties of 3D printed parts, under various conditions.  However, many of 

the current applications that use FDM technology and employ thermoplastic materials need to obtain a good surface 

finish. Whether from a functional perspective, or from an aesthetics point of view, [8], surface state and its parameters 

become an important topic when any part is manufactured. Most studies that investigate the effects of printing 

parameters on the final part surface roughness [6-9], were conducted using industrial printers that most often offer a 

controlled environment, and used contact measurements of the surface, which limits the obtained results, [10]. In the 

present study, parts obtained from PLA, by means of a low-cost, desktop 3D printer, in an open environment were 

investigated using noncontact optical measurements. 

3. RESULTS AND CONCLUSIONS 

The present paper presents an experimental study conducted to assess the influence of various printing parameters on the 

surface micro-topography in of 3D printed parts made from a generic PLA filament.  For the experimental investigations, 

a low-cost 3D printer with a delta configuration was used. Several instances of the same 3D model were printed, while 

varying some of the main printing parameters, such as extruder temperature, deposition speed, layer thickness, layer 

orientation, etc.  

Printing was conducted in an open environment, using a generic PLA filament.  The resulting parts surfaces were then 

investigated using noncontact methods. A by aid of a confocal microscope and the obtained surface micro-topography 

was analyzed.  The main surface and roughness parameters were determined with respect to international standards. 

Figure 1 graphically illustrates a sample 3D representation of surface micro-topography for a 3D printed part. Layer 

surface, shape and position relative to adjacent layers can be easily observed. 

OMN100-71 (1)



Department of Mechanics and Technologies Engineering, Stefan cel Mare University of Suceava, Romania, 13 

University Street, 720229, e-mail: mihai.i@usm.ro   

5. Modeling, design, and simulation 

       Poster 

For the roughness analysis, profiles perpendicular to the deposed layers were extracted from the surface micro-

topography and visualized as shown in Figure 2. By aid of dedicated software, the most important roughness parameters 

were determined in accordance to ISO 4287. 

 

 
Figure 1 Sample of 3D representation of 

surface microtopography  
Figure 2 Sample profile and roughness parameters 

The current research is aimed at finding the influence of printing regimes and environmental conditions on the finished 

part surface characteristics, and can be used to finding the optimal printing regime for simple, low-cost 3D printed parts. 

For this end, a correlation between the variable printing parameters and surface characteristics will show which printing 

parameter value or combination of parameters values offer the best performances as far as surfaces are concerned. 
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Summary:  
In practice, different types of equipment are known for scanning soil properties using optoelectronic technologies. These 

include drone-based technology and surface or deep-soil scanning technology in dynamic or static mode. The surface 

scanning technology developed by Veris Technologies in the US is based on soil scanning while moving using a mobile 

platform that penetrates the soil to a depth of 10-15 cm.[1] The most commonly used static technology is based on the 

collection of soil data using a mobile platform that moves from place to place. Once the predetermined location is 

reached, the platform penetrates the soil to various depths from which it takes samples to which the spectra is determined. 

The technical problem solved by the proposed solution is the creation of an intelligent electronic device for command 

and control of mobile optoelectronic platforms for scanning soil properties[2]. It has a structure that allows the functions 

required for the platform to be realized, based on a series of inputs, outputs and communication ports. 

Motivation 
The electronic device is composed of several integrated modules that commands the servo-controller of the electro-

hydraulic servomechanism, the electrovalves of the pH-meter electrodes washing circuit and the soil sample collection 

cup. A communication module connects the spectrophotometers, configures them, triggers the measurement and then 

downloads the results. The pH meter and conductibility sensor are also connected to this submodule. The data processing 

module corroborates the data from all the sensors and extracts the parameters used for soil characterization. A WiFi 

module connects to the control interface. This is actually a tablet with a web browser that accesses the application 

running within the electronic device. The electronic driving device has been developed to allow the safe operation of the 

optoelectronic soil scanning platforms in unfavorable situations of variable soil and environment (extreme temperatures, 

precipitation, etc.). In exchange for reliability, the versatility of the electronic device has been given up, which cannot be 

used for other purposes without undergoing essential modifications. 

The block diagram of the electronic device is presented in Figure 1. 

Results 
The proposed innovative solution consists in the creation of an intelligent electronic device for command and control of 

the mobile optoelectronic platforms for scanning soil properties. It has a structure that allows the realization of the 

functions necessary for the platform, based on a series of inputs, outputs and communication ports grouped as follows: 

1. Analog and digital inputs and outputs: 

a) (analogical) control of the piston movement of the hydraulic servomechanism that takes the analyzed soil sample; 

b) control of the pH sensor wash circuit between measurements. 
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Fig. 1 Command and control device - block diagram 

2. Communications: 

a) RS-232 interface for the control and retrieval of data from the spectrometer covering the infrared domain; 

b) RS-232 interface for the control and retrieval of data from the spectrometer covering the visible domain; 

c) RS-485 interface for controlling and reading the results from the pH meter; 

d) RS-485 interface for reading electro-conductivity sensor measurements; 

e) WiFi connection with the operator control panel (tablet with graphical interface). 

The electronic device controls the entire circuit for the acquisition, measurement and cyclical automatic display of the 

data, at intervals set by the operator through the control interface. 

The main element of the device is the electronic controller that contains a powerful arithmetic computing unit (ALU) 

with internal memory and external memory connected via USB, necessary to run the control and self-diagnosis algorithm 

of the driving system. The chosen electronic controller also offers a series of peripherals essential for interfacing it with 

the external environment: analog-digital converter (ADC), WiFi communication module, asynchronous serial 

communication module (UART), general inputs and outputs for the control of relays (GPIO). 
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   a)U90Ca3      b)LGWA 210.4 
 

Figure 2. Wear scar area and contact mean pressure correlated with load  
 

From the above representations it can be concluded that the mean pressure increases progressively at the beginning of the 
test, reach a maximum value and then decreases to a certain value. This peak of pressure it may be due to relative small value 
of the contact area. At high loading levels, the superficial layer of the contact balls is removed due to wear, the contact 
between balls, will have a large contact surface area and the wear will be more pronounced. This way, equilibrium between 
wear speed and mean contact pressure is obtained which will have as effect the tendency of the mean pressure to a value 
which ensures this equilibrium condition.  
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Summary:  
This paper describes the steps involved in the design of an experimental multi-sensor based acquisition-system, intended 

for future use in precision agriculture research in Romania. Precision agriculture requires a good understanding of the 

properties of the soil in the field, and both the spatial and temporal variation of these parameters from the micro level of 

one field to the macro level of the entire country. This system is intended to be placed on a mobile trailer, to be dragged 

on a field by a tractor and to collect real-time data from a variety of sensors mounted on the rig. The input into the device 

includes latest generation sensors, including optical sensors (for temperature measurements, NIR and visible 

spectrophotometers for soil composition sampling), non-optical sensors (for humidity, pH measurements) as well as a 

geo-localization sensor (in order to associate acquired data with specific points in the measured field). The interfacing 

complexity of some of the sensors (the spectrometers in particular), the projected need for the system to work under 

difficult conditions (dust, heat) as well as the need for interaction with an IT-agnostic end user (the tractor operator) 

required a design from scratch of an experimental data acquisition system with wireless connectivity capabilities.  

 
Motivation 
Precision agriculture is seen as a means to improve the resource allocation of resources into growing crops in agriculture 

[1] by measuring the spatial and temporal properties of soil parameters. The data acquisition and control system would 

get input data from sensors, associate that data with spatial and temporal coordinates, store it and provide it to the end 

user in a suitable format, all while interacting with hydraulics and valves required for soil gathering and proper sensor 

functionality. 

 
Figure 1. Overall architecture of the system 

For this purpose we have initially designed a proof of concept acquisition system built using Linux OS and C++ 

programming around a modern embedded Raspberry Pi, visible and infrared spectrometers (made by Ocean Optics), a 

microepsilon CSMicro optical sensing thermometer, a ML3ThetaEpsilon humidity sensor, a custom built pH sensor, a 

L80-39 GNSS receiver and accompanying SMA antenna. All data is stored with a timestamp. We make use of Raspberry 

PI’s WiFi capabilities and expose a web interface to allow the end-user to connect to our system to monitor activity and 

download the raw data for further post-processing. C++ was chosen as a programming language to have good 

compatibility with the industrial driver available for Ocean Optics spectrophotometers, called SeaBreeze [2]. The 

communication with the sensors is done in a multi-threaded fashion. The Modbus protocol, usually used for 

communication between industrial grade components and also, sometimes, for precision agriculture applications [3] was 

chosen in our client-server communication model within the acquisition software stack to allow remote management. 
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Results 
The initial experiments with the acquisition system were performed in laboratory conditions. Figure 2 illustrates the 

initial laboratory setup. 

 
Figure 2. Initial laboratory setup 

The current software architecture of the acquisition component within the system is depicted in figure 3a. Currently the 

system exposes a simple web interface, for wireless access to stored data, depicted in figure 3b, accessible via computer 

or smartphone to the end user. 

            
                                               (a)                                                                                                                  (b) 

Figure 3. The software architecture (a) and web interface (b) of the acquisition component within the system 

Further experiments in the field are pending on lifting of the current epidemiological social distancing restrictions. 
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1. SUMMARY 

Suspension systems in vehicles were developed due to the need to ensure better handling conditions, safety and comfort. 

The most popular such systems are passive ones, due in particular to their relatively low production cost. Semi-active 

systems, on the other hand, have been developed to meet the need of answering all the above mentioned requirements 

imposed on suspension systems while covering as wide as possible a range of oscillation frequencies occurring due to 

road irregularities. This paper aims to simulate and analyze the parameters of a semi-active suspension and compare it to 

a passive one, from the point of view of their behavior when the vehicle passes over a certain road profile. For this 

purpose, the analysis starts from a quarter car model. For the present study a model was developed in Matlab - Simscape 

environment, based on which the presented simulations were performed. According to the obtained results, a substantial 

improvement was observed in the damping performances for the semi-active system compared to the passive one. The 

proposed model permits to evaluate the behavior of both damping systems. This analysis could help in the development 

of semi-active suspension controllers or when adopting the shape of road markings or speed bumps. 

2. MOTIVATION 

As described in literature models, [1-3], a linear damping characteristic is considered when describing passive systems. 

Studies regarding the behavior of semi-active systems are performed in works such as [4], [5], and attest an increase of 

the performances depending on the used control systems. For the present study, a quarter car model was considered and 

implemented by aid of the Matlab-Simscape software. Characteristic parameters values corresponding to a certain 

suspension system were considered. The developed model includes a PID control block for the damping coefficient of 

the suspended mass damper, which allows performing a comparative analysis between passive, semi-active and active 

systems. Adaptive suspension studies using magneto rheological telescopes were previously performed using Matlab 

block diagrams [6], [7]. In the case of using block diagrams, it is first necessary to obtain the differential equations that 

characterize the dynamics of the studied model, to which Laplace transform must be applied for solving. To reduce the 

volume of work, the present study proposes another approach to modeling the suspension system, through the use of 

Matlab-Simscape library components. An advantage offered by this type of simulation is that the differential equations 

that characterize the model dynamics do not necessarily have to be known beforehand or passed in the S domain. 

3. RESULTS AND CONCLUSIONS 

The physical model of the quarter-car suspension made in the Matlab-Simulimk environment by aid of Simscape library 

components is partially shown in Figure 1. The proposed model allows studying the behavior of both passive and semi-

active suspension systems. A signal generator is used to model the road profile, by means of a mathematical excitation 

signal. The mathematical signal is introduced into the physical model after its conversion into physical signal, through a 

Simulink-PS conversion block and an ideal source of translational speed. In this way, the evolution of the vertical speed 

along the runway profile is imposed. The runway profile is obtained using a translational motion sensor. In order to 

observe the evolution of the studied parameters such as: displacement, speed and acceleration for the sprung mass (car) 

and the unsprung mass (wheel), respectively, a new conversion of the physical signal in a mathematical signal is 

required. For this purpose, the PS-Simulink conversion block was used. The developed model also uses a force sensor 

needed to assess the evolution of the sprung mass acceleration. The semi-active suspension system damping 

characteristics are controlled by means of a PID controller, which governs the behavior of the shock absorber. A manual 

switch allows changing the working mode between passive and semi-active suspension. Figure 2 shows a sample result 
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obtained for the evolution of the sprung mass displacement in case of system operation in the passive and semi-active 

modes, respectively. 

 

 

Figure 1 Simscape Quarter-Car model Figure 2 Sprung mass displacement  

Significant attenuation of the displacement of the sprung mass is visible when using semi-active suspensions, as 

indicated in Figure 2, by comparison to passive suspensions. The presented model permits to investigate the behavior of 

the two systems in various conditions by changing road shape and by tuning the parameters of the controller. Generally 

the parameters of interest in a suspension system are the displacements, speeds and accelerations of the sprung and 

unsprung masses as well as the deflection of the suspension. All these parameters are simulated and monitored by the 

proposed model. 
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Summary:  
In nanoscale magnetic devices, such as single-electron transistors, the presence of a Coulomb blockade makes the charge 

transport sensitive to a very few electron states, which results in a number of pronounced effects in magnetoconductance. 

Here we investigated the tunnel effect in nanoconstrictions made on the basis of the microwire in glass insulation. Glass-

coated single-crystal microwires of Bi and Bi-Sb were fabricated by the Ulitovsky method; then, using the technique of 

local laser heating, nanoconstrictions were made. We investigated the tunnel junctions obtained in Bi and Bi0.97Sb0.03 

nanoconstrictions at various temperatures and different potentials on the gate electrode. We observed a change in the 

tunneling current depending on the potential on the gate electrode. This difference ΔI/I=0.26 is a manifestation of the 

electrical field effect. The dependences of the tunneling current on the longitudinal and transverse magnetic fields up to 

14 T were also investigated. 

 
Motivation 
Electronic devices, which exploit the spin as well as charge of the electron, have attracted much interest over the last 

several years. This interest in ‘‘spintronics’’ is stimulated by expected industrial applications, such as magnetic tunnel 

junctions based sensors, magnetic random access memory, as well as basic physics, offering new ways to manipulate 

quantum states using these two fundamental properties of the electron. The single-electron transistor (SET) is type of 

switching device that uses controlled electron tunneling to amplify current [1-2]. A SET is made from two tunnel 

junctions that share a common electrode. The only way for electrons in one of the metal electrodes to travel to the other 

electrode is to tunnel through the insulator. Based on the fact that we have already developed a technology for 

manufacturing nanoconstrictions from a bismuth microwire in glass insulation, we decided to contribute to the 

development of a SET based on semimetal nanowires. 

 
Results 
Individual Bi nanowires were prepared using the Ulitovsky technique [3]. This technique involves a high-frequency 

induction coil melting of a Bi boule within a borosilicate glass (Pyrex) capsule in an argon atmosphere, a process which 

simultaneously softens the glass and melts the metal, followed by the drawing of a glass capillary containing the 

nanowire. We developed a technology for fabrication of nanoconstrictions from Bi and Bi-Sb microwires in glass coating 

using local laser heating technique. In this method the glass-coated microwire fixed on a moving substrate is heated 

above the melting temperature by focused infrared laser beam (Fig.1. a)). Nanoconstrictions of this type are well 

protected by a glass cover of the external environment. By the method of cyclic increase in current (Fig.1. b), c)), due to 

the difference in density ρ in molten and solid states in Bi (ρmelt =10.05 g/cm3, ρsolid =9.78 g/cm3), we obtained a break in 

the thinnest part of the nanoconstriction. To make a tunnel contact, it is necessary to obtain a gap value L less than de de 

Broglie wavelength λ F ,  L ≤ λ F .  In Bi and Bi-Sb the de Broglie wavelength of the Fermi electrons, λ F  = h/PF, is rather 

large ~ 50 nm. Current – voltage characteristics of tunnel junction obtained on Bi nanoconstriction at various 

temperatures are shown in Fig. 2. a). This nanoconstriction was made of bismuth microwire with outer diameter D=21 

µm and core diameter d=2.1 µm. As can be seen from the figure, the tunneling current at room temperature is much less 

than at helium temperatures. Having tunnel junctions in nanoconstrictions, we investigated the possibility of creating a 
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single-electron transistor based on them. By putting silver paint to the surface of the nanoconstriction, a gate electrode 

was made. We applied different potentials to the cylinder gate electrode in order to obtain the dependence of the 

tunneling current on the gate voltages. Current – voltage characteristics of tunnel junction obtained on Bi0.97Sb0.03  

nanoconstriction (base on Bi0.97Sb0.03 microwire with outer diameter D=38 µm and core diameter d=3.7 µm) at 

temperature T=1.5 K and various potentials on gate electrode (±114 V) are shown in Fig. 2. b). The change in the 

tunneling current depending on the gate potential (ΔI/I = 0.26), is a manifestation of the electrical field effect.  

 

 
Fig. 1. 

 

 

 
(a)                                                                              (b) 

Fig. 2. 
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Employment of r bYC C color space and OLED display for 

enhancement of hyperspectral images colors rendering 
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Abstract - Colors transformations in the process of displays colors rendering require compatibility between 

what the human eyes can see and what the display can render. A spectral image processing algorithm, D65 

illumination standard, spectral part of the human eye and spectral part of the CRT and OLED display, are 

employed in display color correction and rendering. The goal of the paper is to present a comparison between the 

colors rendering using ITU. 709 color space and CRT display and the r bYC C  color space and OLED display. 

Display colors rendering consist of transforming hyperspectral images into RGB images using ITU.709 standard. 

These images are then enhanced to obtain high dynamic range images. Next, the images are: processed, color 

enhanced and rendered using r bYC C  color space. The proposed algorithm depicts details that are not well 

revealed in the ITU.709 color space image. Demonstrative images which illustrate the comparison between the 

reconstructed spectral images into ITU.709 color space and the enhanced final images rendered in r bYC C color 

space are presented. 

Keywords:  color image processing and enhancement, ITU.709, r bYC C , CRT and OLED displays  

The image processing algorithm  
 

      Hypespectral images are presented in reference [1].  During the period when the hyperspectral images where 

acquired, ITU. 709 color space and CRD displays where employed of rendering RGB images. Five hyperspectral 

images [1] are used to test the algorithm together with D65 illumination standard, L, M, S human eye cones [2] 

and CRT and OLED spectra [3].  The proposed algorithm consists of:  

     1. Spectral image processing algorithm which reconstruct hyperspectral image into the ITU.709 color standard.  

     2. High dynamic range images. 

     3. Display color correction and rendering. 

     4. White balance.  

     5. Images sharpening and noise removal. 

     7. Conversion from RGB color space into r bYC C  color space.   

    

Results of simulations 

 

This section presents examples of images before (rendered employing ITU.709 color space) and after applying 

the image processing algorithm (rendered using r bYC C color space), and shows that the enhanced OLED display 

rendered images look better than unenhanced CRT display original images. Basing on the proposed image 

processing algorithm five input high dynamic range images are color enhanced. First main characteristic of the 

proposed algorithm is to reveal details that are not easily revealed in the original input image. Then the image is 

processed in such a way that its black and white disparities are pondered. Finally, pleasant and natural images are 

obtained at the output of the proposed algorithm. 

 

 
a                                                   b 

Fig. 2. a) hyperspectral image reconstruction using ITU. 709, b) image rendering using r bYC C  
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a                                                       b 

Fig. 3. a) hyperspectral image reconstruction using ITU. 709, b) image rendering using r bYC C  

 

 
a                                                     b 

Fig. 4.  a) hyperspectral image reconstruction using ITU. 709, b) image rendering using r bYC C  

 

 
a                                                          b 

Fig. 5.  a) hyperspectral image reconstruction using ITU. 709, b) image rendering using r bYC C  

 

 
a                                                         b 

Fig. 5.  a) hyperspectral image reconstructed using ITU. 709, b) image rendering using r bYC C  
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Summary:  
The present paper focuses on the synthesis of silver doped ZnO nanoparticles in order to be used in various biomedical 
fields. The obtaining of these types of nanoparticles was achieved by chemical co-precipitation, the method optimized by 
varying the synthesis parameters, but also in point of view thermal treatment.Thus practically, the synthesis of silver 
doped ZnO nanoparticles was accomplished by precipitating the metal salts (Zn (NO3)2 and AgNO3) and the precipitating 
agent (NaOH), followed by intermediate steps (filtered, washing, drying) and sintering at room temperature 550 °C The 
morphological and structural characterization of the Ag doped ZnO powder by SEM microscopy and X-ray diffraction, 
FTIR and EDX spectrometry highlighted the shape and size of the particles, the crystallinity degree and the lattice 
parameters, the material purity and the formed bonds types. The development of nanomaterials with high performance 
characteristics stimulates their use in practical applications in related sectors. 
 
Motivation: 
The researches of the last years have registered special developments in order to obtain those nanomaterials with 
applicability in medicine and biomedical engineering, as well as in the fields of implant and tissue engineering, drug 
delivery, diagnosis and therapy. Among the studied nanomaterials, an important role is played by ZnO nanoparticles due 
to biocompatibility, biodegradability, surface area rich in OH groups, accessible synthesis methods, the possibility to 
multiple loading of therapeutic drugs / molecules, but also due to the development of a system with relatively low costs. 
In order to meet the desired criteria, the surface of the ZnO particles needs to be modified by doping with noble metals 
ions (Ag, Au, Pd, etc.), the antibacterial, anticancer, anti-inflammatory and wound healing activity being improved, but at 
the same time they have demonstrated the usefulness as imaging agents, delivery of drugs and genes, biosensors, etc. 
Generally, the ZnO-based materials exhibit a destructive action on microbial organisms, cytotoxicity against tumor cells 
based on higher intracellular release of dissolved zinc ions, and the ability to induce reactive oxygen species (ROS) 
producing oxidative stress and cancer cell destruction induced by selective apoptosis. The literature presents multiple 
methods for the synthesis of nanoparticles, optimized according to the desired application, one of the most used methods 
is coprecipitation allowing to obtain high purity and crystallinity materials. By developing these types of materials, the 
scope of application is expanded, being known that ZnO nanoparticles can be used in different fields such as electronics, 
energy storage devices, microbial inhibition, medical implants and optical devices, etc [1-5]. 
 
Results: 
The XRD results confirm the formation hexagonal wurtzite structure, even after the ZnO silver doping, and the size of 
the crystallite decreases with increasing dopant concentration due to the insertion of silver ions into the ZnO crystal 
lattice.  The SEM image suggests a slightly tendency of agglomeration, with dimensions in the range of 30-80 nm, and 
EDX spectra confirm the presence of Zn, O and Ag depending on the sample type. FTIR spectra indicate the spectral 
bands attributed to the vibration of the Zn-O bonds, and the presence of the dopant is confirmed by the slight 
displacement of the Zn-O bond characteristic peaks. 
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Figure 1. SEM micrograph of Ag doped ZnO powder 
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Summary:  
Most measurements in the microwave field using the variant estimation of the emergent progressive wave through very 

thin dielectric samples, do not take into account the existence of the reflected wave [1]. Most of the times, in this variant, 

very absorbent elements are used in the final waveguide, so that the value of the reflected wave amplitude is very small 

so that the effect of the superposition on the progressive wave is negligible, in the position in detector probe is 

positioned. Measurements in this approximation are affected by errors, the larger the phase changer, between the 

progressive and the reflected wave, is bigger [2]. The novelty of the method in this paper is the improvement of the 

accuracy of the measurements by absorption, using a phase shifter, so that the detected signal always represents the 

phase-free overlap of the emergent progressive wave with the reflected wave. The estimation of the real value of the 

detected signal is done by halving the value of the signal detected by the probe. Using this original concept of its own to 

ensure the compensation of the phase shift, I found that the accuracy of the measurements increased with a value between 

27%.  

 
Motivation 
In my research activity in the past I focused my attention on improving measurement accuracy and controlling the value 

of measurement errors, by monitoring the level of the microwave beam generated by the emitter, that is, by a Gunn diode 

and by finding an optimal position penetration depths for measurement probes in the microwave guide, so that the 

disturbance introduced by them to be minimal and the measurement sensitivity to be maximum. In this improved variant 

of measurement I have ensured that the amplitude of the reflected wave has the minimum value. In this way of carrying 

out the measurements I was sure that the existence of the stationary wave situation, which could have occurred at a 

certain frequency, which would have adversely affected the interpretation of the measurement result, was excluded. The 

principle diagram is presented in the following figure: 
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Fig. 1. Schematic diagram for measurement installation 

Results 
In the new original concept of measurements (Figure 2), I measured the level of absorption of the progressive wave of the 

microwave beam with constant level at the input, for very thin samples of composites with PVDF structure with 

MWCNT (x%). 

 

 
Fig. 2. The measuring stand in the phase compensation configuration. 

 

The results of measurements for samples containing different concentrations of carbon nanotubes are presented in the 

following figures: 
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Fig. 3. The role of composition on the absorption band in x%MWCNT-PVDF (for small concentrations x<0.9). 

 

The conclusion obtained from the measurements is that: as the concentration increases, the attenuation increases and the 

absorption band is wider and the minimum moves to slightly lower frequency. 
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Summary 

 
Technical innovation in agriculture is of extreme importance, in particular to address global challenges such as population 

growth, climate change and the limited availability of important plant nutrients such as phosphorus and potassium. Sensors 

applied to agricultural production could play a fundamental role for this purpose and research into agricultural applications 

has been ongoing for largely a decade [1]. Relevance of the paper is to develop a system for smart agriculture necessary for 

the development of agricultural production in our country in a similar manner to the European Union. 

 

Motivation 

 
The main objective is to provide a functional model of a mechatronic system consisting of intelligent acquisition and control 

modules for the process of mapping the properties of soil. This system integrates data from sensors analyzing the ground, 

including temperature, soil moisture and PH, spectrometers in the wavelength range 200 - 2500 nm and GPS in a 

collaborative system based on data fusion, fig1. To sample the data from the agricultural soil, the system is mounted on a 

platform towed at the field location, using an innovative method of the latest generation which can contribute to increasing 

crop yields as well as lowering the amounts of chemical fertilizers and herbicides, thus leading to improving profitability and 

decreasing the environmental impact and human health [2]. 

 

 

Figure 1. The block diagram of the platform with sensors 

 

For the platform we designed and developed a functional model of a system for the sampling of relevant soil samples across 

a predetermined route, requiring the use of a electro hydraulic ensemble for collecting the soil samples from the specified 

depth in order to perform offline or real-time chromatographic analysis. 
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Results 
 

The paper presents laboratory results with a miniaturized visible spectrum spectrometer (VIS) for λ = 350-1000 nm (Ocean 

Optics FLAME) and miniaturized near infrared (NIR) spectrum spectrometer for λ = 900-2500 nm (Ocean Optics NIRQuest 

512-2.5). Optical information from the sample is captured using an optical TC-DR probe head. Light is transmitted through 

optical fiber for VIS-NIR. Light is transmitted through optical fiber from the TC-DR probe to the spectrometers. For 

interaction with spectrometers, we identified an industrial driver for Windows and Linux operating systems, called 

SeaBreeze, more suitable for this embedded type of application. SeaBreeze support was integrated with the acquisition 

software. Analog sensors have been connected to the command and control unit via an AD7705 [3] analog-to-digital 

converter (ADC). For the GNSS (GPS) peripheral we have selected a solution compliant to the specification of the product, 

but also compatible with the Raspberry Pi board, in the form of a L80-39 module accompanied by a SMA antenna (used to 

collect the signal from the satellites). Data is sampled from the sensors and locally stored in the system before being remotely 

accessible to the end user (via Ethernet, WiFi) or during development over USB. A depiction of the connections between the 

acquisition sensors and the Raspberry Pi board based control system is shown in Figure 2. 

Figure 2. Connection between the acquisition sensors and the Raspberry Pi board based control system 

A new type of electro hydraulic servo system for controlling the platform position was tested in the Fluid Power Systems 

Laboratory under progressive simulated load [4]. 
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Summary:  
The seismic qualification for the structural strength is an issue for the assessment of the seismic safety of the Nuclear 

Power Plants. As regard the seismic strength of the Cranes it has to be demonstrated via (mostly) a numeric analysis that 

in the case of the unlikely event of an earthquake, the crane is not breaking apart affecting thus the safety related 

neighbouring equipment. The crane is required to maintain its integrity when subject to the Design Basis Earthquake 

when it is supposed to hoist the rated load.[4]  

The goal of this paper is to underline the procedure to be followed for nuclear industry cranes in order to obtain sound 

and credible results for equipment seismic qualification by using the unique analysis features of ANSYS 19.[1] This 

study is meant to show how a complex structure of an overhead crane may be treated in order to have meaningful results 

for a decision whether or not such a structure is able to withstand the loads generated by a seismic event. The seismic 

event is not overloading the crane structure an in comparison with the hoisted load, the seismic stresses stay quite 

modest.  

The CAD geometry of the crane is generated by using SolidWorks 2018 ( Figure 1): 

 

 
Figure 1 The CAD geometry of the crane on subject 

 

The span of the bridge is 6 m and the distance between the girders is 0.5 m. 

The CAD geometry is then imported inside the ANSYS 19 software for further processing.  

The material imposed is the structural steel with density of 7850 kg/m
3
, Young modulus of 2e11 Pa, Poisson ratio of 0.3, 

tensile yield strength of 2.5e8 Pa and the ultimate strength of 4.6e8 Pa. 

The connections are left bonded type as default and the finite elements mesh is shown in the Figure 2: 
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Figure 2 The finite elements mesh 

 

There will be 8937 finite elements with 21,454 nodes with an acceptable element quality.  

Based on all the results and conclusions, the studied crane is considered to be seismically qualified. 

 

Motivation 
Even, the electricity generation from nuclear plants in the EU-27 decreased by 16.7 % between 2006 and 2018, the 

nuclear sector represents an important source of electrical energy, since nuclear power stations currently produce around 

a third of the electricity consumed in the European Union.[2] 

The accidents and nuclear disaster showed that the nuclear components in all the structure are very important and must 

pay attention to them.[3] 

 

Results 
By comparing the overall calculated equivalent stresses with the tensile yield strength, we may have the conclusion that 

the structure will resist. Such, the crane is considered to be seismically qualified. 

After running the model, some important conclusions were retrieved in the structural model. The below studies are result 

samples from the proposed analysis.[1] 

The overall stress in the below figure shows that the peak stress of 88.6 MPA calculated stays close to the one calculated 

in structural module (78 MPa) and is a way smaller than the tensile yield strength of 250 MPa. So that the seismic event 

is not overloading the crane structure an in comparison with the hoisted load, the seismic stresses stay quite modest. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 The overall equivalent stress 

 

The total deformations are shown in the below Figure 4.  Since the loads are acting in the vertical direction the middle 

section of the crane bridge will deform in this direction with an amount of 3.3 mm. This is in accordance with any simple 

engineering educated guess. 
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Figure 4 The total deformation calculated with the structural module 

 

The maximum load of 15 tonnes and the weight of the structure is developing mild stresses inside the structure. For 

instance the girder stress is approximatively 40 MPa which is far lower than the tensile yield strength of 250 MPa. The 

maximum stress of 78 MPa is calculated for back-left roller axle which is most of the moment developed by the hoisted 

load. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 The equivalent stresses calculated with the structural module 

 

References 
[1] ANSYS 19 documentation 

[2] ASME NOG-1, Rules for Construction of Overhead and Gantry Cranes, American Society of Mechanical Engineers, 

2002. 

[3] US NRC Regulatory Guide 1.92, Combining Modal Responses and Spatial Components in Seismic Response 

Analysis, Rev.2, 2006. 

[4] Jinho Oh*, Jinsung Kwak, Kwangsub Jung, Jongmin Lee, Structural Integrity Evaluation for Overhead Crane of a 

Research Reactor, Transactions of the Korean Nuclear Society Autumn Meeting Gyeongju, Korea, Oct 25-27, 2017 

 

 

 

OMN100-82 (3)



Optimization study of a centrifugal pump in cavitation  
Liviu – Constantin STAN

1
 , Ioan CĂLIMĂNESCU

2
 

1) 
Engineering Sciences Department in Mechanical and Environment, Constanta Maritime 

University, Constanta, Romania  

 
2)

 Engineering Nuclear Power Plant, Cernavoda, Romania 
 

Keywords: Cavitation, centrifugal pump, CFD, optimization, NPSH 
 

Summary:  
Cavitation is often encountered in the functioning of centrifugal pumps, on impellers or propellers and usually is 

manifesting itself via rattling or a knocking sound along with vibrations leading in the end to the pump rotor failure, 

internal damage, and leakage from the seal and casing, bearing failure.[1] The centrifugal pumps cavitation is implying a 

dynamic process of formation of the bubbles inside the liquid domain, their growth and collapse as the liquid flows 

through the considered pump.[2] 

The purpose of this paperwork is to investigate the cavitation phenomenon inside a centrifugal pump with ANSYS 19 

and to determine the influence of main process factors upon the pump cavitation using the Response Surface technology 

and optimization.  

This study is meant to underline a practical procedure to investigate the cavitation inside the centrifugal pumps and the 

way to have precise values of the process variables in order to get out the pump from the cavitation functioning zone.  

The results retrieved in this study are in line with all known theoretical and experimental ones therefore it is a credible 

procedure. The increasing of the outlet and NPSH pressures and the decrease of the rotor velocity is the solution to have 

any centrifugal pump out of the cavitation.  

 

Motivation 
Cavitation in a centrifugal pump has a significant effect on its performance.[4] The process is of high interest in order to 

prevent it or reduce its consequences: degradation the performance of a pump, resulting in a fluctuating flow rate and 

discharge pressure, destruction to pump internal components and causing excessive pump vibration, which could damage 

pump bearings, wearing rings and seals.[3] 

The process was the subject of many research studies for many years and the technologies supported in a huge part the 

high performance results.  
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The figure illustrates the CAD geometry of the centrifugal pump, subject of the present study, created with SolidWorks 

2018 and exported inside ANSYS 19 under the Computer Fluid Dynamics CFX module.   

 

Results 
The results retrieved in this study are in line with all known theoretical and experimental ones therefore it is a credible 

procedure. 

The increasing of the outlet and NPSH pressures and the decrease of the rotor velocity is the solution to have any 

centrifugal pump out of the cavitation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In comparison with the Figure from the left side that refers to the initial vapour volume fraction, with the Figure from the 

right side, the results become clearer; the vapour volume fraction is much smaller than the one calculated for the initial 

model, therefore the cavitation is no longer an urgent threat for the optimal model. 
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Summary:  
For high data-rates specific rules must be applied to properly model interconnects and their behavior in both time and 

frequency domains. Each domain allows different types of analysis that can easily highlight different aspects that appears 

when multilayer printed circuit boards (PCB) traces are represented through transmission lines in microstrip or stripline 

technologies.   

An implementation of wideband Debye model is proposed as a solution to rigorously design high-speed interconnections. 

The paper presents the model and, for easily understanding of the algorithm, the steps to be implemented in any 

electromagnetic simulation software that has default invariant electrical parameters as dielectric constant or loss tangent. 

This has a great impact on the overall signal integrity analyses and results are presented for various traces lengths through 

the insertion and return loss or associated group delay. Although roughness models should be considered at high data 

rates only the dielectric loss will be implemented, as influence of the dielectric loss is greater comparing to the 

conductive loss. 

 
Motivation 
In a high-speed (HS) system that is properly designed with ever-increasing operation frequency in mind, with 

interconnects of printed circuits boards (PCBs) and packaging, various dielectric and conductor broadband models based 

on frequency dependent properties of these materials must be applied in a simulation environment. The models have to 

satisfy mathematical limits of a realistic representation such as causal, real and passive in order to be physically 

consistent with the laws of nature. The assumption of frequency-invariant parameters of a material induces amplitude and 

phase errors and miscalculations for data rates higher than 2Gbps. 

HS design must include broadband analysis so it is indicated to consider the wideband model for describing the dielectric 

constant such as the Debye models. [1],[2] 

Even though single pole Debye model is the simplest one, was analyzed but it won’t be included here as it doesn’t fit the 

need of high frequency and wideband signals as those occurring in multi-gigabit data rates. The most popular numerical 

method to analyze the electromagnetic field (EMF) in a material modelled with Debye models is the Frequency-

Dependent Finite Difference Time Domain ((FD)
2
TD) based on its easy implementation and recursive algorithm [3]. The 

relations that define the dielectric constant for the models were used in the (FD)2TD method as multi-pole Debye model. 

The parameters are calculated for the high-speed, low loss epoxy, thermally robust material N4800-20 with the dielectric 

constant and dissipation factor measured at 10GHz: εr=3.38 and tanδ=0.0061 

 
Results 
Given the definitions for dielectric and conductor loss it is known that dielectric loss are predominant for higher 

frequencies than 1GHz and that the trend is accentuated for higher frequencies as it can be seen in Fig. 1 based on their 

definitions. 
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Fig. 1 Attenuation for dielectric and conductive materials vs. frequency 

 

The model is based on the superposition method and it is obvious that higher resonances will affect the low frequencies 

behavior. The main advantage of this model is that it is described through an empiric relation and is not mandatory an in-

depth knowledge at atomic structural level of the given material that have to be used in the simulation phase of a circuit 

design. For measurement of the dielectric permittivity it can be used the phase difference method. 

The wideband Debye model is accurate up to relative high frequencies for typical materials with humidity conditions of 

50%, but for materials as FR4 that tends to absorb water this model is no longer valid from 10GHz. In these cases Debye 

model with multi poles will be extrapolated to gain realistic behavior of a specific material. 

 
Fig. 2 IL vs. frequency for Nelco, N4800-20, for 100mils         Fig. 3 GD vs. frequency  

 

The magnitude of IL and RL represented in dB for 100mils microstrip and strip traces will be compared to the classic 

invariant parameters model – Fig. 2. Additionally it can be represented the variations with frequency of GD in ns 

associated (Fig. 3) to verify if the results are correct as GD is a measure of phase distortion. 
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Summary:  
In this work is presented the visible light optical polarization effect on SPR response of ON-OFF type in both ordered 

and in contact gold nanoparticles, created within a micro/nanostructured round pattern by direct laser writing and single 

micrometric size gold particle, respectively, in a dielectric matrix. The large difference between the refractive index of 

gold and dielectric material allowed to record the polarization induced SPR response of ON-OFF type in gold 

micro/nanoparticles by optical microscopy imaging in bright field, but only for the large size particles that provided 

images both in reflection and transmission modes. The plasmonic coupling effect could be clearer visualized by 

enhancing the quality of the recorded optical images using a dedicated imaging processing algorithm as well as applying 

of proper filters to remove the noise and the blur.  

 

Motivation 

Gold micro/nanoparticles are of great interest due to their extended applications, especially the sensing ones1. Moreover, 

their surface plasmon resonance (SPR) response yields distinct colors, due to the specific electronic interband transitions 

of gold in the visible range and the specific light energies absorbed2. The nature of the light interaction with particles is 

mainly dependent on their size and the surrounding dielectric material3,4. The plasmon surface waves can propagate 

along gold structures even at micrometer size due to the large difference of refractive index of gold compare to that of 

dielectric material and produce bright colors, when observed in dark field5. Taking the advantage of these large refractive 

index differences and the controllable changing of the polarization angles, the intensity of the colors decreases to cut-off, 

allowing to master the polarization induced SPR response of ON-OFF type.  

 

Results 
Ordered and in contact gold nanoparticles of controlled size were created within a micro/nanostructured round 

pattern of 34 μm diameter by direct laser writing technique4 in a dielectric matrix on a glass substrate (Fig. 1) using an 

optical microscope of inverted configuration. Nearby, a single disk like gold particle of 6 μm diameter is formed by 

photochemical reduction. The sample is illuminated with visible light at normal incidence (z axis) and is polarized along 

the particles. The nearfield enhancement was investigated at the polarization angles of 70°, 90° and 110° and the optical 

images emphasizing the polarization induced SPR response of gold particles were recorded by optical microscopy in 

bright field at 63x magnification (Fig. 1a, b, c,). The plasmonic resonant modes of ordered nanoparticles of the circular 

written pattern are polarization independent, the extinction cross section of nanoparticles being dominated by absorption. 

On the contrary, one can observed that gold disk like particle support two plasmonic electrical dipol modes, which are 

orthogonal each other with dipol moments along x and y axis (90° polarization angle), showing polarization-dependent 

properties (Fig 1b). Moreover, each of these plasmonic modes is cut-off by changing of the polarization angle to 70° 

(Fig. 1a) and 110° (Fig. 1c), respectively. Therefore, optical properties of micrometric size plasmonic structure can be 

controlled through polarization of excitation light, allowing to master polarization induced SPR response of ON-OFF 

type and favoring the specular reflection instead of the absorption one. 

Image processing algorithm  

Original optical images acquired using the optical microscope showed the existence of ON – OFF phenomenon. High 

magnification original images as they are captured by the camera of the microscope are blurred and faded in terms of 

luminosity and contrast (Fig. 1 a, b, c). An image processing algorithm6 that enhances the quality of the initial optical 
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images is proposed. The processing of the original images requires three steps: sharpening, noise filtering and contrast 

enhancement. Therefore, the algorithm consists of the following filters: 

1. un-sharpening mask filter, used to filter the blur of the original image, 

2. bilateral filter, employed in filtering the noise of the image, 

3. homomorphic filter, used to enhance the contrast of the image. 

The benefits of the algorithm are as follows: 

1. Enhancement of the original optical microscopy images, 

2. Improvement of the visibility of the ON – OFF polarization induced SPR response of ON – OFF type, which 

effect results in a better perception and understanding of the phenomenon (Fig. 1 d, e, f). 

 

a.  b.  c.  

d.  e.  f.  

Figure 1 Polarization effect in round Au patterns: nanoparticles and micrometric size disk like single 

particle at polarization angle: a. 70° (ON); b. 90° degree; c. 110° (OFF), original optical images; d. 70° 

(ON); e. 90°; cf. 110° (OFF), enhanced quality optical images. 

 

The nature of the light interaction with particles, whether is absorption or reflection, is mainly dependent on the size of 

the particles and the surrounding dielectric material. Polarization angle has no effect on the ordered and in contact lower 

size gold nanoparticles embedded in the written pattern. Optical properties of micrometric size plasmonic single particle 

can be controlled through polarization of excitation light. They can be emphasized by bright field optical microscopy in 

visible light due to the large difference between the refractive index of gold particles and the surrounding medium. The 

plasmonic coupling effect could be clearer visualized by enhancing the quality of the recorded optical images using a 

dedicated imaging processing algorithm as well as applying of proper filters to remove the noise and the blur. 
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1. Summary 

Solar energy conversion is today a very hot topic in order to reduce the global warming and pollution. The solar cells 
based on Silicon, either monocrystalline or amorphous are already on the market since many years. We will present in the 
paper some performance studies on a promising different type of solar cell called Dye-sensitized solar cell (DSSC), or 
Grätzel cells [1], [2]. This cell presents different construction and operation principles from silicon based cells and 
represents a possible solution to replace them for large area or flexible panels. Being a relatively new photovoltaic 
solution, it is of interest to study the effect of working temperature on their voltage-current characteristic. We will present 
in current paper electrical measurements on DSSC prototype samples, compared with a commercial silicon cell, for 
different illumination levels and different temperatures. In order to summarize the results, voltage-current characteristics 
and the main parameters of the cells, as short circuit current, open circuit voltages, maximum power point (MPP) will be 
comparatively presented in the paper. 

2. Motivation 

Dye-sensitized solar cells (DSSC) can be seen as a promising alternative to silicon-based solar cells. Their working 
principle is based on electrochemical processes, and the cell belongs to thin film photoelectrochemical class of solar 
cells. The construction of a modern DSSC cell is shown in Fig. 1 (a) and a photo of a DSCC cell is presented in Fig. 1(b). 
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(a) (b) 
Fig.1. a)  Structure of a TiO2 based DSCC, b) Photo of the DSCC device (50mm×50mm). 

The anode of a DSSC is made on a glass plate which coated with a transparent conductive deposition, in most cases 
Indium Tin Oxide (ITO). On this film is deposited a thin layer of titanium dioxide (TiO2) covered with a dye solution 
called photosensitizer. The titanium dioxide is immersed in an liquid electrolyte, typically an iodide/triiodide solution. 
The cathode electrode of a DSCC is a similar glass plate covered with a Pt thin film, which acts also as a catalyst.  

Being based on chemical reaction and transport phenomena it is expected that temperature increase will have influence 
on the DSSC as it is the case of silicon based cells, so we believe there exist a motivation for this study. The main reason 
to use DSSC in the future is the possibility of use them on flexible substrates.  

                                                     

1 Ciprian Ionescu, postal address: UPB-CETTI, Spl. Independentei 313, 060042, Bucharest, Romania, e-mail:ciprian.ionescu@cetti.ro, 
Number and name of Section: Modeling, design, and simulation, 5, Poster. 

OMN100-86 (1)



3. Results 

We have realized at the moment of abstract submission the experimental setup necessary to perform the temperature 
variation of the probes. We have decided not to use a climatic chamber but to use a Hot/cold plate based on 
thermoelectric cooler (TEC) elements, or Péltier elements. This platform performs not only cooling, but also heating, in 
fact the heating of solar cells during sun exposure was the main direction of the study. The setup is presented in Fig. 3.  

Dark Box 

DUT

Current Source 
Keithley 2612B 

Semiconductor 
Parameter 
Analyzer 
HP4145B 

PC/ 
IEEE488 

High Power LED

Light Meter 

Hot/Cold Plate 
TE CP121 

Temperature 
controller 

 
Fig. 3. Experimental setup for variable temperature measurements. 

The setup for measurements includes a dark box with a high power LED (10W, type COB) placed above the solar 
cells. The LED is current driven using a precision Keithley 2612B source and produces different illuminance levels 
measured with the light meter (YK2005LX). The temperature was changed by the TEC module CP121 with the 
temperature controller TC720. The voltage-current plots were measured using a HP4145B semiconductor parameter 
analyzer, controlled through the IEEE 488 interface. The data sent to PC were exported in tabular format files.  

In Fig. 4. we present the results for one DSCC at different illumination levels and for different temperatures. 

(a) (b) 
Fig. 4. Voltage-current curves for a DSCC a) for different illumination levels a) on FR4 substrate, b) at 5000 lx illumination, for 

different temperatures. 

The effect of increasing the temperature for DSCC are similar to silicon cells [3]. The temperature increase has a 
reduced influence on the short circuit current, but has a great influence on reducing the open circuit voltage. For instance, 
from the graph in Fig. 4(b), the open circuit voltage at 5000 lx has been reduced from 0.55V at 25°C to 0.47V at 60°C. 
As a consequence, other performance parameters will have reduced values at higher temperatures. Other results regarding 
the maximum power point, fill factor, series and parallel resistances will be presented in the paper.  
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Summary:  
The development of the telecommunication standards (now we are talking about 5G) leads to us to neglect the GSM 

standard, where there are still vulnerabilities that can be exploited by attackers. The purpose of this article is to 

demonstrate step by step the authentication in GSM, of mobile subscribers, technical parameters and vulnerabilities 

identified in this process, with practical measurements. In Romania, GSM is used by the Operators as a backup network, or 

to cover with signal long areas (in the mountains) where there is no specific (high data rate transfer) demands from the 

users. 

 
Motivation 

Even though the GSM standard is considered to be and old technology, this standard is still used by over 600 million 
people around the world. Considering this, we focused our work on evaluating the vulnerabilities in GSM authentication, 
vulnerabilities that can be exploited by some attackers and compromising our data and privacy. Due to GMSK modulation 
used in GSM standard, it remains the most reliable and stable mobile communication, being highly used in areas that 
require a long distance coverage with stable signal, such as mountain and rural areas. Recent studies are still in progress 
regarding this standard. In [1] the authors examine the vulnerabilities of the GSM protocol stack, with respect to different 
passive or active attacks on the network, and develop an experimental test bed based on USRP and GNU-radio. In [2] the 
authors analyse the authentication scheme of GSM based on the basic certificate less public key cryptography signature 
algorithm (CL-PKS), and also proposes an enhance mutual authentication algorithm and some modifications in both GSM 
security algorithms and network in order to increase eliminate the security breaches, while the authors of [3] emphasize the 
easiness with which a malevolent attacker, having in possession only low-cost equipment, can initiate a threat against a 
large number of users, in such a way that those are not even aware, and also develop a scenario, using a GNU radio 
platform, a Kali Linux penetration test system and Wireshark as a network analysis tool to infect the GSM network with 
malicious traffic and analyze the system behavior. In [4] the authors propose and implement a low computational 
complexity secret key recovery algorithm for recovering secret key necessary for authentication and test them in different 
scenarios, and in [2] the authors propose an innovative method for improving the GSM AKA protocol that offer 
authentication of terminal user in the network, that offers enhance protection against several types of attacks, that may be 
implemented without changing the existing network infrastructure and neither in the mobile terminals. In [6] are presented 
three encryption solutions that ensure end-to-end encryption for voice communications, and test these solutions on Voice 
over IP transmissions in standard GSM system, comparing their solutions with existing ones presented in the literature. 

 

Results 
The authors reviewed the authentication procedure in GSM standard using IMSI and we highlighted the main 

vulnerabilities that appear. We measured the Tx signal and spectrum from the target phone in indoor and outdoor area. 
Also, during testing,  the mobile phone were placed in an anechoic room in order to see if we receive and Tx signal from 
the device. In order to validate the results the authors placed the developed test-bed system in an outdoor environment,  
captured and analyzed the attach procedure using IMSI step by step, to highlight the parameters that are transmitted when 
the phone is turned on and when the authentication procedure starts. A dedicated mobile terminal for network environment 
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scanning, a spectrum analyzer and a dedicated software for mobile communications monitoring was used for these 
experiments. 

Several results are presented below. For the uplink connections it can be can noticed that the mobile phone is not 
permanently transmitting, when it is in idle mode like we can see in Figure 1, while in Figure 2 it is shown the spectrum 
when the authentication process is started, after switching on the phone. 

            
Figure 1: UpLink connection for mobile terminal in idle mode (ARFCN 109)      Figure 2: Authentication process started 

 

Figure 3 shows the spectrum allocation to mobile communications in GSM. 

 
Figure 3: Spectrum allocation to mobile communications in GSM 

 
It can be observed can see that channel 109 Rx level is measured at -58.26 dBm, having the most powerful signal 

strength and thus being the serving channel for that specific area. It can alos be noticed that measuring the same channel 
(ARFCN 109) with different receivers, once obtain different results depending on the sensitivity of the receiver. 

The paper is still under development. More results are expected after we complete our measurement scenario in an 
anechoic room and one outdoor location. After this, we will highlight the main issues in GSM authentication protocol, as 
well as a solution to this problem. We will show how an attacker could operate in order to compromise our data and 
privacy. 
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Summary  
The purpose of this paper is to improve the security level of commercial computer systems by analyzing security 

risks related to compromising emissions and finding the optimal measures of protection. The security threat related to 
interceptor’s capabilities is a major issue in the process of evaluating the risk of electromagnetic eavesdropping. 

The objective consists in reduction of the probability of detecting compromising emissions, which may be 
eavesdropped at some distance from the computer system, using signal processing techniques. Signal processing 
techniques applied by eavesdropper can improve signal to noise ratio at the boundary of the protected area which makes 
compromising emissions exploitable not only in low interference but also in harsh electromagnetic environments. In this 
paper we analyze the influence of processing gain parameter on the risk of emissions security in order to update the best 
practices for TEMPEST protection measures. 

 

Motivation 
During the last years, understanding IT&C security risk became be a priority for both organizations and individuals 

as people become more and more dependent on information. One aspect of interest is emission security which analyzes 
threats and vulnerabilities in order to establish optimal protection measures against electromagnetic eavesdropping. 
Compromising emissions represent unwanted secondary emissions, radiated or conducted, that are generated by 
information processing equipment. If detected and processed, one can recover sensitive data which represents a security 
incident with negative impact on organization or individual. The importance of emission security, also known as 
TEMPEST, is stated in a large number of studies regarding information leakage due to accidentally electromagnetic 
emissions.  

Some studies are addressing methods of reducing compromising emissions levels as TEMPEST countermeasures, 
while others are describing the vulnerabilities and test methods to evaluate the risk of eavesdropping. Few papers tackle 
the issue of processing gain. This work is using a model of signal to noise ratio in a theoretical eavesdropping scenario 
and defining the components of processing gain. From the most recent ones it can be mentioned the results from [1], in 
which the authors propose a study in which the eavesdropper reconstruct the image displayed on the Information 
Processing Equipment (IPE) based on the electromagnetic radiation of the equipment based on synchronization 
information recovered and using auto-correlation techniques. Using that technique they were able to recover the image 
displayed on a monitor of a desktop device, a laptop and a tablet. In [2] the authors evaluated the attenuations due to the 
propagation path, corresponding to the most likely scenarios of some IT equipment that radiates compromising 
emanation, and these theoretical evaluations were tested on real scenarios, while in [3] the authors proposed an analytical 
method of multi-domain anti-interference processing gains computation, that is tested based extensive on numerical 
simulation methods. In [4] the authors presented some interesting results based on signal recovery from a 3D printer, 
based on the spectrogram of the radio wave generated by the stepper motors that control the printer. 

In this paper the threat evaluation is presented in [5,6], detection and reduction of compromising emissions are 
presented in [6,8], measurement methods of radiated and conducted emissions are mentioned in [5,6], while in [9] the 
authors present the influence of processing methods as a growing concern on emission security model. The need of 
shielding and filtering [8] as protective measures is confirmed by the results obtained by the authors in their previous 
work [7,9,10], as different components of computer systems are proven to be sources of compromising emissions. 
  

Results   
Few papers tackle the issue of processing gain. This work is using a model of signal to noise ratio in a theoretical 

eavesdropping scenario and defining the components of processing gain. The tests were performed in real operational 
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environment. A wideband receiving antenna was placed at a 5m distance from a video display unit. The compromising 
emissions were captured by a test receiver, with an acquisition bandwidth of 100MHz, connected to an oscilloscope by 
the intermediate frequency output. A step attenuator was inserted on the receiving chain, in order to evaluate the 
processing gain with respect to compromising emission level. A digital filtering process was performed by the 
oscilloscope, as a first stage of processing, and the results were transferred through Ethernet connection to the notebook 
for the second stage of processing performed by the raster application which we developed for this evaluation purposes.  

The video signal raster process was performed in order evaluate, as a visual result, the influence of processing gain 
on recovering the sensitive information by passive attacks such as eavesdropping. Furthermore, the step attenuator 
provided the information regarding the threshold above which the rastering process could not produce visual 
information.  

 

Fig. 1. – Raster of full 100MHz acquisition bandwidth               Fig. 2. – Raster of full 25MHz overlapped filtered bandwidth 
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Summary:  
The data in healthcare systems are increasingly being shared through every single medical equipment, which is 

incorporated in IoT systems. Thus, the number of shared data increases, and medical IoT systems start to impose new 

challenges of securing them. This paper aims to present the implementation of a prototype based on a Raspberry Pi, 

which will measure air quality parameters in hospital rooms. The prototype will be secured through a TLS/SSL MQTT 

connection, and henceforth the shared data will be secure and protected against third-party attacks. The main application 

for this prototype will be based on an H2020 project, SAFECARE, that has the purpose of making a cyber-physical 

platform intended for healthcare systems. All the data from the prototype will be sent in real-time to the platform, and 

any anomaly reported will be dealt with immediately by first responder organizations (in case of a fire or a flood, etc.). 

Motivation 
Health services [1] represent one of the most critical infrastructures and the most vulnerable ones. They are widely 

relying on information systems to optimize organization and costs, whereas ethics and privacy constraints severely 

restrict security controls and thus increase vulnerability. An example of the architecture of SAFECARE can be seen in 

(Figure 2),  whereas all the collected data will be sent to the Building Threat Monitoring (BTMS) system and each alert 

will be sent towards Cyber Threat Monitoring System and immediately the Special Forces will be called in case of an 

emergency. The data transmission will be done via the Data Exchange Layer (DXL) and the data will be stored in the 

central data base. 

For the system build the Grafana platform was the main platform for data monitoring. Grafana is an open source [2] 

platform for visualizing running data analytics in real-time. The platform can be connected by using various types of 

databases such as Graphite, Influx DB, and so on. There is also a possibility of making alerts and very detailed 

dashboards with all the data which must be illustrated on the platform. The main feature of the platform (Figure 1.) is for 

monitoring in real-time any type of data that might be needed. The testbed sensors from the SAFECARE laboratory will 

send data through the MQTT protocol, and afterwards, the metrics from the sensors will be shown on the Grafana 

dashboard. The database of the stored data on the platform will be InfluxDB. 

For better integration with the entire project, various sensors are required to be installed and used inside the hospital’s 

rooms. Numerous important pieces of information can be gathered to create a complete view regarding different 

parameters in the building or the room. The data is collected from different sensors or modules directly connected to the 

Raspberry Pi development boards. Next, the Message Queuing Telemetry Transport (MQTT) protocol is used to send the 

gathered information to the Grafana platform. Grafana can support different backends that can store time-series data. One 

of them is InfluxDB, an open-source database specially created to store time-series data from IoT sensors, application 

metrics or real-time analytics. A close connection between Grafana and InfluxDB is achieved/accomplished/realized this 

way. 

 
Figure 1. Architecture of the Cyber-Physical Security System 
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Figure 2. SafeCare Architecture 

Results 
The first goal of realizing the prototype was to decide which sensors to use and as seen in Figure 3, we connected mother-

mother and father-mother wires with the Raspberry Pi. Then code was programmed in Python language and it 

enabled the interconnection of sensors to the network and as a protocol we used MQTT. After this step, the data received 

from the sensors is being sent to Grafana, a platform meant for visualizing monitored data in real-time, as seen in Figure 

4. In the future, we would like to implement the data sent from the prototype in the SAFECARE platform. So, the data 

from sensors will be sent directly to the SAFECARE platform and not to Grafana. In other words, all the incidents and 

alerts received from various devices in the hospital will be optimized in a single platform. 

 

  

Figure 3. Raspberry Pi Prototype for Cyber-Physical 

healthcare platform   

 
Figure 4. Visualized data in real-time on the Grafana 

platform 
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Summary:  
This paper presents a new approach of the TEMPEST radiation generated by the PS/2 keyboards. It was possible to 

restore the keystrokes in a controlled environment by receiving the PS/2 bus clock as opposed to receiving the data bus 

transitions as it has been presented so far in the literature. Examples of keystrokes corresponding to several alphanumeric 

keys as well as functional keys that are confirmed by galvanic probing of the PS/2 line with an oscilloscope will be 

presented. The paper presents time domain measurements for the compromised radiation of keystrokes and also 

examples of remote reception. We can conclude that the compromising emanations of keystrokes can take multiple forms 

from which the key pressed can be identified with certainty, showing thus a new vulnerability. 

 

Motivation: 

The PS/2 communication protocol was developed by IBM in 1987. The name comes from "IBM Personal System/2" 

(IBM PS/2), which is the name of a series of personal computers developed by this company. The PS/2 communication 

port is represented by a 6-pin mini Deutsches Institut für Normung (DIN) connector that is used to connect keyboard and 

mouse input devices. Due to the fact that the PS/2 keyboard and mouse are not interchangeable, since they use different 

command sets, the ports and connectors have been colored purple for the keyboard and green for the mouse so they can 

be easily distinguished. The two input devices are controlled by a single microcontroller which determines that the 

implementation of these communication ports is cheap and easy to achieve. But this also determines that the errors of 

one device affect the operation of the other. After the appearance of the Universal Serial Bus (USB) protocol in 1996, 

PS/2 communication gradually lost popularity but its implementation continued since. This is mainly due to the fact that 

USB allows the plug-and-play property of the devices, while PS/2 doesn’t. However, even though PS/2 communication 

system might soon become obsolete, PS/2 keyboards are still used today. 

The TEMPEST domain deals with the research of electromagnetic radiation generated by electronic, electromechanical 

and optoelectronic equipment, that are carrying information, and which are called Compromising Emanations (CE) 

because they can reveal the information processed by these equipment.  

Most of the research published in this field has as main objective the study of the CE radiation generated by keyboards, 

that can reveal the passwords and sensitive information introduced by the users through these devices. In [1] the authors 

present the experimental results for four different methods of detecting keyboards leaks by analyzing the electromagnetic 

radiation generated by them and represent a pioneering research in the TEMPEST domain. In [2] the same authors 

perform similar tests in a controlled environment consisting of a generous semi-anechoic enclosure, with dimensions of 7 

by 7 meters, using a Universal Software Radio Peripheral (USRP) receiver while in [3] the authors perform the 

experiments in a Faraday cage in which they investigate the compromising electromagnetic radiation of the PS/2 

keyboards using an oscilloscope with a sampling frequency of 1 Giga Samples per second. The authors verified the 

accuracy of the results by using a TEMPEST receiver. In [4] the authors demonstrated, through the experiments 

performed, that it is possible to restore the PS/2 keystrokes by exploiting the coupling phenomenon between the data line 

and the grounding line, thus facilitating the remote CE detection from the common grounding line. 
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Results   

Our research took place into a laboratory special designed for TEMPEST measurements. The device under test (DUT), a 

commercial PS/2 keyboard is connected to a commercial of the shelf (COTS) desktop and the entire informatics system 

was placed inside of a semi anechoic room on a testing table. A biconical Rohde & Schwarz (R&S) HE 526 antenna was 

placed in front of the DUT and its output was connected, through a transition panel, to a reception system composed of a 

FSET Z22 pre-selector and a FSET 22 TEMPEST receiver. The intermediary output frequency of 21.4MHz of the 

receiver was again passed through the transition panel to a Tektronix MSO 5204B oscilloscope which was placed in the 

diametrically opposite part of the testing table in order to minimize its influence in the measurements performed. Using 

the test bed described above, we proceeded in searching for PS/2 radiated CE by manually sweeping the frequency range 

between 30MHz and 200MHz which represents the optimal operating range of the HE526 R&S antenna and we detected 

on the 97 MHz frequency the most important CE radiation in terms of the signal-to-noise ratio (SNR) as illustrated in 

Figures 1 and 2. 

   

  Fig. 1. – CE corresponding to the lowercase “q”                   Fig. 2. – CE corresponding to the lowercase “r” 

Each image shown above presents the oscilloscopes panel with 3 active channels, first waveform being the result of the 

CE detected while the receiver was tuned on the 97MHz central frequency, the second waveform representing the 

probing of the clock bus and the third one containing the actual keystroke encoding obtained by probing the data bus of 

the PS/2 keyboard. From these images, we can observe that the unintended radiation occurs with maximum amplitude 

when both clock and data buses are on zero logical state, the rest of the possible combinations between the two buses 

generating a disturbance level equal to the noise floor.  

The experiments are still under development and new results targeting a measurement of the PS/2 CE propagation at 

distance will be presented in the final paper.  
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Summary:  
In this paper, the performance of Orthogonal Frequency-Division Multiplexing (OFDM) in a downlink Massive-MIMO 

system is investigated. In addition, precoding algorithms that have access to the channel state information (CSI) of all 

active users in the system are used to achieve the interference mitigation often carried out with the help of signal 

processing transformations. The numerical results will help us conclude which of the two, Zero Forcing (ZF) or 

Minimum Mean Square Error (MMSE) precoders, are achieving the best performance when the modulated information is 

transmitted over a channel affected by Rayleigh fading. 

 
Motivation 
Every time we discuss about multiuser massive multiple input multiple output (MU-MIMO) technology we have in mind 

the 5G standard. A part of its main advantages are superior transmission rates, lower latency and greater capacity, higher 

number of users etc. All of the above-mentioned characteristics represent requirements that have to be implemented in 

the future wireless networks [1]. In order to obtain high spectral efficiency in fading channels, the OFDM technology can 

be used in an uplink and downlink transmission. In [2] the authors are investigating the effect of phase noise in Massive 

MIMO-OFDM uplink channels. The performances obtained are achieved under the assumptions of perfect channel state 

information (CSI) at the base station (BS) and maximal ratio combining (MRC) processing. An issue of Massive MIMO 

systems is related to the CSI acquisition, which requires an increasingly large amount of training overhead as the number 

of users grows. In order to avoid this, the authors in [3] proposed a deep learning assisted blind channel estimation 

technique for OFDM - Massive MIMO systems. They were exploiting the asymptotic orthogonality of the massive 

MIMO channels. In [4] the problem of peak-to-average ratio (PAR) reduction is addressed. It is expected that, as the 

dimensionality of the MIMO system grows, the probability of an inactive user to increase, resulting in redundant 

channels. Thus, the authors proposed an iterative Least-Squares (LS) approximation algorithm for limiting the peak 

exceedance values excursions on the remaining active channels. In [1] is proposed an innovative solution that combines 

OFDMA technology with multi-user Massive- MIMO technology to meet the required data rates as desired by the needs 

of the 5G application. The proposed system is demonstrated the implementation with discrete wavelet transform, and 

fractional Fourier transforms. An approach for the downlink system can be found in [5], where a new transmitting 

scheme is presented. This scheme supports different services while sharing the same band, contrary to SISO (single input 

single output) and classical MIMO systems, where users use adjacent frequency bands. 

In this paper we want to analyze the performance of a downlink OFDM multiuser Massive MIMO system when ZF or 

MMSE precoders are involved and different modulation schemes are used. For a proper comparation, different scenarios 

are proposed: the number of active users is lower than the number of antennas from BS and modulation types used are 

QPSK and M-QAM modulation. The bit error rate (BER) versus signal-to-noise ratio (SNR) will be used to determine 

which precoder performs better, according to the environment conditions. 

 

Results 
It is considered a downlink OFDM multiuser Massive MIMO system used by K active users, each user has N_user 

antennas and the BS have N_BS antennas. In Figures1-4 are presented the performance obtained by the two precoders 

when QPSK and 16-QAM modulation schemes are applied. It is considered that the N_user = 2, N_BS = 8 when the 

number of users is changed from 3 to 5. It can be observed from Figure 1 that, when the number of users is lower than the 

number of BS antennas, the users can recover their information, especially when SNR has higher values. The difference 

between the ZF and MMSE precoders is imperceptible. Even if the modulation is changed to 16QAM, both precoders 

obtain the same results, but obviously it is needed a higher SNR in order to achieve the same BER as in the case of QPSK 

modulation. From those results it can be seen that, for QPSK modulation, a SNR of 20.5 dB is necessary to achieve a 

BER=10-3, and a SNR of 21.5 dB is necessary when 16QAM is used.  
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Figure 1 K=3, N_user=2, N_BS=8, QPSK    Figure 2 K=3, N_user=2, N_BS=8, 16QAM 

 

   
Figure 3 K=5, N_user=2, N_BS=8, QPSK     Figure 4 K=5, N_user=2, N_BS=8, 16QAM 

 

When the number of users is increased to 5, the performance of the system is decreasing for both precoders, as shown in 

Figures 3 and 4, especially for the 16QAM modulation. In both Figures the MMSE precoder obtains better results than 

the ZF precoder when the SNR is small, but as the SNR increases the results become closer. It is obvious that if the 

number of users is close to the number of BS antennas the performance of the system will further decrease. Thus, it is 

intended to apply a multiple access technology in order to increase the performance of the downlink system. In our 

current work for an uplink system, we achieved a better performance when multiple access is applied. The simulations 

are still under development and in the final paper more results will be presented.  
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Summary:  

Within this paper the authors intend to measure and evaluate the parameters of a WiMax BTS when different 
interference conditions are existing within its operating area. The measurements were performed in laboratory conditions, 
in the semi-anechoic chamber. The effect of variable intensity disturbance interference on the emission parameters of a 
WiMax base station were measured and analyzed. As a result of these measurements, several situations were analyzed 
and a number of interesting conclusions were drawn. 

These measurements have been developed in order to 
evaluate the effect of a of disruptive interference on the quality of 
the transmitted signal, as well as the importance detecting, 
measuring and analyzing the interference effect on the 
transmitted signal in different use-case scenarios. The 
narrowband disturbance signal, with variable intensity, was 
generated on the 3,623 GHz frequency with the SME 03 Rohde & 
Schwarz signal generator. Parameter measurements and spectral 
evaluations were performed with the Anritsu Master Spectrum 
2723C spectrum analyzer, tuned to the frequency 3.623 GHz, 
using transmission and reception antennas in the respective band. 
The test-bed block diagram is shown in Figure 1.  

Motivation 
WiMax is a set of communication standards that transmit data wirelessly, using a number of point-to-point 

transmission modes, for portable and mobile internet access, with the parameters specified in  the IEEE 802.16 standard, 
also known as the IEEE WirelessMAN air interface. The advantages of 802.16-based systems are multiple: the ability to 
activate in short time this service even in areas where cable-based interfaces would be difficult to reach, avoiding high 
installation costs and being able to overcome the physical limitations of traditional infrastructures with connection 
through thread [1,2]. 

The problem is an actual one, and has been studied in several researches during the last decade. In [3] authors 
studied the effect of ultra wide band interference on a WiMax system operating in the 3.5 GHz frequency band. The 
recent issue of coexistence between these two systems has received considerable attention within European regulatory 
bodies. In [4] the authors present an analysis of the performance of the orthogonal Multiplexing Frequency Multiplexing 
(MB-OFDM) system for Ultra Wideband (UWB) communication in the presence of interference in the IEEE 802.16 
WiMAX systems operating in the 3.5 GHz band. An accurate analysis of the MB-OFDM system error rate (BER) was 
presented, based on Laplace transformation techniques. In [5] the authors evaluated the maximum transmitter power, 
measured the power spectral density of the power emitted in a specific the frequency channel and compared with 
theoretical bounds, while in [6] the authors develop a scheduling algorithm for the uplink connection that ensure an 
certain level of quality of service for different types of traffic. The performances of the developed algorithm are 
evaluated based on simulations performed in Qualnet v5.02, and the results obtained show that the algorithms proposed 
are scalable and able to ensure the required level of QoS for all classes of traffic, as stated in the standard. In [7] are 
presented a number of results regarding modelling and evaluation of the propagation model in  co-channel and adjacent 
channel interference scenario. A case studies is presented that includes one channel the MEASAT-3 C-Band downlink of 
36 MHz bandwidth and the other being WiMAX service of 20 GHz bandwidth. Simulations were performed in Matlab 
and the results were compared with the one obtained by measuring using Visualyse Pro. In  [8] the authors analyze the 
electromagnetic compatibility between the WiMAX and the Wi-Fi systems and optimize the parameters of the 
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transmitters that use the two standards when operating in a share frequency and space domain in order to comply the 
requirements of electronic compatibility and to minimize the interference effects. 

Results 
There were performed 5 sets of measurements, with different levels of the disturbing signal (in the first set the base 

station reference measurements were made, and the other 4 with different levels, -64 dBm, -38 dBm, -24 dBm, -16 dBm). 
The measured parameters were the following: channel power, downlink power, preamble power, occupied bandwidth, 
relative constellation error, magnitude of error vector, frequency deviation, carrier-interference ratio (CINR) are shown in 
Table 1. Based on the measurement results, several conclusions were drawn: (1)for high values of the disturbing signal 
the channel power and downlink power values cannot be determined; (2) the flatness of the signal is verified by the mask, 
the subcarriers must fit in the flatness spectral mask;(3) it can be observed that by increasing the level of disturbance, the 
adjacent sub-carrier flatness value is no longer between +/- 4 dB and the sub-carriers no longer fit in the mask. spectral; 
(4) high values of EVM and CCE indicate a low signal quality, a low data rate and a reduced capacity of the sector; 

Table. 1 
Nr. 
Crt. 

Parameters/UM 
Disturbing signal level/dBm 

0 -64 -38 

1 Channel power(RSSI)/dBm -39.5 -37.3 -37.2 

2 Downlink burst power/dBm -37.5 -34.9 -34.9 

3 Preamble power/dBm -29.9 -27.4 -27.4 

4 Occupied bandwidth/MHz 4.583639 4.577250 4.577250 

5 RCE (peak)/dB -25.2 -26.1 -9.5 

6 EVM (peak)/% 5.51 4.93 33.06 

7 Carrier frequency/GHz 3.622500380 3.622500351 3.622500313 

8 Frequency error/Hz 381 352 313 
9 CINR/dB 31.369 30.995 27.882 

 
The paper is still under progress and more results and conclusions will be presented in the final version of the paper.  
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Summary:  

Lead levels monitoring in humans is of great interest because of its high toxicity [1]. In order to detect 
lead in whole blood, the authors developed a methode using GF-AAS, for quantifing blood lead level [2]. 
Absorption spectrometry is the analytical method for determining the amount of metals or metalloids in a sample, 
based on the amount of light absorbed by atoms, from a characteristic light beam line given by the respective 
atoms brought into the excitation state. 

The aims of this study is to show the importance of reducing background noise with the use of a 
deuterium lamp in a determination method for lead in blood using graphite furnace atomic absorption 
spectrometry (GFAAS).  
  Lead analysis was performed using a Graphite Furnace Atomic Absorption Spectrophotometer (GF- 
AAS), Varian SpectraAA-880 with a hollow cathode lamp and a deuterium lamp for background correction, 
coupled to GTA-100 atomizer and a programmable sample dispenser (Varian, Australia), with monochromator 
Czerny-Tuner, focal length 0.33 mm. The automatic sample dispenser PSD Varian had 54 positions for samples, 
standards, modifiers, quality control and buffer, maximum injected quantity 100 µl, injection accuracy 0.2 µl, 
automatic dilution and mixing, automatic re-injection of samples. Blood samples were collected from patients 
admitted to the Emergency Clinical Hospital of Bucharest, in ICU II Toxicology. 

The application of the optimized temperature program and the deuterium lamp background correction 
made possible to eliminate the whole matrix of the sample before the atomization step, as confirmed by the low 
background signals observed in the measurement of lead. The atomization temperature was established by 
varying the atomization temperature between 1600 and 2100°C. As expected, the lead signal increased with the 
increase in the atomization temperature up to 2000°C. For temperatures higher than 2100°C, the signals remained 
almost constant, indicating that maximum atomization efficiency can be achieved in this range. The application of 
the optimized temperature program made possible to eliminate the whole matrix of the sample before the 
atomization step, as confirmed by the low background signals observed in the measurement of lead. A linear 
relationship was found between the absorbance at 283,3 nm and the concentration of lead in the range of 10.0 to 
100 μg/L. The representative linear equation was y = 0.0054 x + 0.0219 where: y is the absorbance, x is lead 
concentration (μg/L), calculated by the least squares method. The regression coefficient (r) standard curve was 
0.9993 (fig. 1) indicating good linearity (r > 0.999). Determination of lead levels in blood gives very useful 
information to the therapist. 

The absorbance signals obtained for lead at 283,3 nm in the optimizing conditions presented a well-
defined profile and a low background. The reported method shows a high precision and accuracy all so a wide 
aplicability in rutine lead determination and research assays. This method was applied for determination of lead 
levels in blood by GF-AAS technique, in order to establish the correct diagnosis and to monitoring EDTA 
chelation therapy for patients with lead poisoning. 
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Summary:  

Amphetamines are a class of substances with a stimulating effect on the central nervous system of which d-
amphetamine, d- methamphetamine (N- methyl- amphetamine), l-amphetamine, MDA (methylene-dioxiamphetamine), 
MDMA. These were first synthesided in 1887 by Lazăr Edeleanu, a romanian chemist, in Germany, originally named 
phenylisopropylamine, but the stimulant effect of these was unknown until 1927, than it was resynthesized by Gordon 
Allens, who reported the sympathomimetic properties of amphetamines [1]. Amphetamines are on the Schedule II of 
controlled substances until 1971, in United States Convention on Psychotropic Substances [2]. Amphetamines are 
rapidly absorbed into the gastrointestinal tract and then metabolized to the liver or excreted through unchanged urine. 
The mode of elimination depends on the urinary pH. Amphetamines are metabolized by deamination (hypuric acid and 
benzoic acid) and by hydroxylation. Methamphetamines are metabolized to amphetamines, as the main metabolit3 and 
can be detected in the urine at least 3 hours after any type of administration and by the Enzyme Multiplied Immunoassay 
Tehnique (EMIT) method can be detected 24-48 hours after the last dose4. EMIT is based on the competition between 
the molecule to be determined (Ag) and the antigen labeled with this enzyme, by occupying the antibody binding sites. 
Fixing Ag (xenobiotic) to Ac, releases Ag labeled with the enzyme that is capable of reacting with the substrate. The 
intensity of the reaction will be proportional to the amount of molecules present in the tested sample. The quantification 
of the enzymatic reaction is usually performed by optical scanning in ultraviolet (340 nm), by measuring the 
consumption of nicotinamide dinucleotide oxidase (NAD +) which is a cofactor of the reaction. 

Urine amphetamine measurements were performed on the Viva-ProE analyzer (SIEMENS, Germany). The light 
source is a 12V-20W iodine quartz lamp. The range of scannable wavelengths with its own selection of 8 filters is as 
follows (340, 415, 505, 546, 570, 600, 660, 700 nm). The bandwidth is 8 - 12 nm. Photometric domain - Absorbance - 
0.1 to 3.0. 

The authors present the results obtained by analyzing the urine samples from patients admitted in ICU II 
Toxicology with abuse substances overdose and working parameters of the Viva Pro- System. Some of the results are 
presented. This analysis uses a threshold level of 300 ng / mL to distinguish positive and negative samples. The analysis 
provides only a preliminary analytical test result. A sample giving a change in the absorbance value (∆A) equal to or 
even higher than the ∆A value of the Level 1 calibrator is interpreted as positive and the sample contains amphetamines 
or similar structural compounds or both. 

Conclusion 
In conclusion, the method can be applied with confidence for the semi-quantitative urinary determination of 

amphetamines, being relatively accurate methods. Also, the methods are fast, the result being obtained within a few 
minutes from the introduction of the sample in the analyzer and are useful both in establishing the diagnosis of certainty 
in acute mono or poly-medicinal intoxications, in confirming the suspicion of substance abuse but also in confirming / 
denying the results obtained by rapid triage tests. In order to confirm the positive results it is advisable to use an 
alternative, more specific chemical method, to obtain a confirmed analytical result. 
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Summary:  
 

In this paper we aim to analyze the possibility of detecting nuclear radiation with MEMS. A significant part of our work   

is related to modeling the response of   different   materials to the interaction with nuclear radiation. Changing of 

mechanical, thermal, electrical properties of materials can be used   for the  development of   small  and little expensive 

detectors MEMS based. As a secondary aspect, our work refers to the general problem of   how  the nuclear radiation 

may affect materials and consequently electronic devices which operates in highly radioactive environments.  For design 

and simulations we use COMSOL Multiphysics package. 

Motivation 

 
Nuclear radiation consists of high energies particles like electrons, positrons, alpha particles but also high frequency 

gamma radiation produced by the decay of an atomic nuclei or by nuclear fission or fusion.  Intense and harmful nuclear 

radiation can occur either as a result of nuclear accidents in the nuclear power plant area or in cosmic space exploration 

where all  devices are exposed to cosmic radiation.  Detecting and measuring   ionizing radiation is a  relevant topic  in 

many  research fields, our approach considers the analysis of the mechanisms by which the energy transferred to the 

propagating materials leads to measurable changes of the physical properties that can be used to design small MEMS 

based detectors. 

Results 
MEMS are based on the correlation between mechanical, thermal and electrical properties of a small sensors. On the 

other hand  the interaction of nuclear radiation with the substance is done through several mechanisms that involve both 

energy and particles transfer. Using COMSOL Multiphysics modeling software  we analyze the effect of nuclear 

radiation on  thermal, mechanical, electrical properties of some materials that can be good candidates to build MEMS 

based detectors. 
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Summary:  
Time-Domain Terahertz Spectroscopy (TDTS) is a rapidly developing measurement technique constantly finding new 
applications in various areas of materials science such as measurements of material constants of solids [1]. Terahertz 
frequencies i.e. frequencies from tens of GHz to few THz, lay between the operation ranges of classical microwave and 
infrared spectroscopy and thus cannot be effectively covered by any of these techniques. TDTS fills this gap enabling the 
study of materials properties in the part of the electromagnetic spectrum that is of a particular interest for the materials 
science [2, 4]. 
  
Motivation 
TDTS is the only applicable far-infrared spectroscopic technique. Far infrared imaging based on TDTS is currently an 
extremely promising way of non-destructive method for testing samples from substances. In the proposed article there are 
presented the results of measurements we have made upon some pharmaceuticals and pesticides, using our own 
experimental setup for TDTS.   
 
Results 
To determine the spectrum of substances in THz domain we used the experimental setup from Figure 1 [3, 8]. 
Minimal set of necessary devices is following: fs laser, three mirrors, one polarizer and λ/2 plate, two lenses, optical 
delay line, DC bias voltage source, oscilloscope and lock-in amplifier. With this experimental setup using a laser pulse 
lasting 150 femtoseconds [3, 5], we realized the analysis with TDTS of some pesticides and pharmaceuticals substances. 
For these analyses we must be established and maintained environmental parameters constants in the time of 
measurements. It is desirable that measurements be made with accuracy as high, implying thus a larger number of steps. 
In this case they have chosen up 2048 steps. As the downside, the measurement may be about 10 minutes. As a reference 
it is used a cuvette made of polyethylene in which we put the analyte. During the analysis of environmental conditions 
have been approximately constants, that is: temperature it was changed maximum 0.4 degrees, humidity 2%, and the 
atmospheric pressure was constant. 
 

  
Figure 1. Experimental setup. 
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Samples of power spectrum and transmission spectrum of a pesticide are shown in Fig. 2 a-b. 

 
(a) 

 
(b) 

Figure 2. (a) Power spectrum of Ridomil Gold, (b) Transmission spectrum of Ridomil Gold. 
 

Samples of power spectrum and transmission spectrum of a pharmaceutical are shown in Fig. 3 a-b. 

 
(a) 

 
(b) 

Figure 3. (a) Power spectrum of Aspirin, (b) Transmission spectrum of Aspirin. 
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Summary:  
In this paper, we propose a radar cross section analysis for frequency selective surfaces using a meander line antenna as a 

unit cell. The periodic structure consists of a passive copper antenna backed by a dielectric substrate. Two configurations 

of constant aperture composed of three and five elements are presented. The radar cross section is evaluated by using a 

plane wave setup with linear polarization in order to assess the ratio of the backscattered power. 

 
Motivation 

Meander line antennas (MLAs) are suitable for applications that require small size radiators or can be used as part of the 

structure of frequency selective surfaces (FSS) [1]. FSS are 2D planar structures consisting of one or more metallic patterns, 

each backed by a dielectric substrate [2]. Generally, they are periodic structures and their frequency response is determined 

by the geometry of the elements. In a previous paper [3], we proposed an optimal structure of non-uniform, one-meander 

line antenna (NU-MLA1). The experimental meander line dipole antenna was designed to resonate at 790 MHz. 
 

In this paper, we propose the meander design in figure 1.a) as a passive radiator for FSS applications in UHF band. The 

periodic structure consists of a copper passive meander line antenna backed by a dielectric substrate of FR4. In order to 

measure the backscattered power, we evaluated the radar cross section (RCS) of the passive MLA using a plane wave 

simulation setup, as shown in figure 1.b). 

                                   
                                 a)                                                                            b)                                                                                     c) 

Fig. 1. a) Structure of 1 element meander line FSS; b) Plane wave illumination simulation setup; c) RCS of MLA 

 

The structure is illuminated with a plane wave with linear polarization. The main lobe magnitude of the RCS pattern 

diagram for one unit cell is 32.3 dBmm2 at 1 GHz. The RCS polar diagram is presented in figure1.c), for 𝜑 = 90° with 

the main lobe direction at 180°. 

 
Results 

Considering the proposed radiator as a unit cell FSS, figure 2 presents two FSS configurations: one with three elements 

equally spaced at 𝜆 2⁄ , and the other one, with five elements by keeping the same array length. 
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Fig. 2. □ 3 elements FSS; □ 5 elements FSS 

 

The pattern diagrams at the RCS peak value frequency are shown as follows: in figure 3.a) for the three elements FSS and 

3.b) for the five elements FSS. 

 
                                                                 a)                                                                       b) 

Fig. 3. Peak value RCS pattern diagrams: a) three elements; b) five elements 

 

As the number of unit cells increases while keeping the aperture constant, the peak RCS increases from 32.3 dBmm2 for 

the one element FSS, to 40.8 dBmm2 for the three elements FSS and 47.6 dBmm2 for the five elements FSS, hence 

showing a frequency selective behavior. 

 

Further work will focus on RCS evaluation, for radiator loaded with lumped elements in order to provide impedance 

matching, and therefore a selectivity with RCS dips. 
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Summary:  
Both Visible Light Communication (VLC) and Optical Camera Communication (OCC), as technologies and applications 

of Optical Wireless Communication (OWC), have been intense investigated in recent years. Due to their advanced 

implementations prove to be reliable candidates as partners, and in some special situations, main actors for different 

wireless communication scenarios. In order to identify possible security breaches and future challenges in VLC an OCC, 

an extended investigation of topologies, various indoor setups, intrinsic and apparent optical properties of the 

communication medium, some of the recent channel modeling approaches and modulations is presented here. VLC and 

OCC have their own advantages and drawbacks for different set-ups, therefore, in this paper we identify some of the 

most suitable implementations for these two applications in order to ensure the security of data sent. 

 
VLC and OCC systems’ characteristics considered 

 

Different topologies, starting with directed line of sight (LoS), non-directed LOS (NLoS), diffuse till tracked are 

considered and particularly analyzed with their degree of risk regarding data theft during communication between 

transmitter (oTx) and receiver (oRx) for both VLC and OCC set-ups.  

One important characteristic, indoors, where the VLC system is set-up, that has to be carefully taken into 

consideration refers to the surrounding elements: walls, ceiling, floor and any kind of object/obstacle inside the room.  

The light beam invariably suffers, from absorption, reflection, diffraction, scattering, physical properties of light that 

depend on a number of factors.  That is why, the type of material the surroundings and objects are made of and their 

properties, mate/ …, smooth/rough as well as their colors, highly influence the optical signals’ that reach the oRx.  

The mobile oRx and/or oTx as well as the moving objects can cause the signals to fade randomly due to the 

multipath components and their path loss. Additional noises coming from any other source of natural or artificial light, 

namely the additional white Gaussian noise (AWGN) can also influence in a negative way the optical signal's quality at 

the oRx. 

Light' properties considered in a VLC or OCC wireless system are intrinsic and apparent. The intrinsic optical 

properties (IOPs) of light depend exclusively by the communication medium, while its apparent optical Properties 

(AOPs) are dependent both of the medium and the environment indoor. The environment indoor refers to the surrounding 

within the its space particularities: natural and/or artificial light, geometrics, type of materials and color of the objects 

within the space where the VLC or OCC wireless systems are considered. The IOPs are conservative properties and 

hence the magnitude of the absorption coefficient linearly varies with the concentration of the absorbing material. 

In terms of channel modeling approaches, for years already, there are many channel models for conventional 

wireless infrared communication, however, channel modeling for VLC or OCC has not been sufficient investigated yet.  

The research in this area is still at an early stage, although have been reported some theoretical works related to VLC / 

OCC channel modeling such as Geometry-Based Deterministic or Non Geometry-Based Stochastic Models. Not even the 
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IEEE 802.17.5 standard (2011) dedicated to VLC wireless communication, does not specify any VLC channel models 

that can be used for the technology evaluation yet.  

Modulation techniques developed for wireless communication in the radiofrequency (RF) spectrum cannot be 

applied straight for optical communication since the optical signal is real and non-negative. Many single carrier 

modulation techniques (such as OOK – On Off Keying, M-PAM – multi level Pulse Amplitude Modulation M-PPM - 

multi level Pulse Position Modulation or CAP – Carrierless Amplitude Modulation) or multi-carrier modulation 

techniques (DCO-OFDM, ACO –OFDM, and many others), have been theoretically demonstrated and some of them 

practically proved. They all have benefits and drawbacks, depending on many particularities of the VLC and OCC 

systems that have to be carefully considered. 

In case of any of the VLC or OCC topology, an unauthorized oRx or more can be easily introduced into the 

environment without being recognized.  Snooping on VLC or OCC wireless transmission is obviously limited by 

physical factors, and is far more difficult than Wi-Fi snooping, for example, but there are no evident reasons why it 

should not be possible. 

 

VLC and OCC setups and experimental results 

 

 Experimental tests indoor focus on a VLC simplex communication for different environments in order to determine 

the security level of the data sent in different topologies and environmental setups.  

Also, the paper presents multiple OCC setups, consisting of various video receivers and LEDs, testing the effects of 

image sensor resolution and the LEDs-to-OCC receiver distance, highlighting the performance of the communication link 

with regard to the propagation conditions. 

 

References 
[1] Blinowski J. G., "Practical Aspects of Physical and MAC Layer Security in Visible Light Communication Systems, " 

INTL JOURNAL OF ELECTRONICS AND TELECOMMUNICATIONS, VOL. 62, NO. 1, PP. 7-13, 2016.                       

DOI: 10.1515/eletel-2016-000 

[2] Ahmed Al-Kinani, Cheng-Xiang Wang, Li Zhou, and Wensheng Zhang, “Optical Wireless Communication Channel 

Measurements and Models” IEEE Communications Surveys & Tutorials, VOL. XX, NO. X, (2018). 

[3] Kwon D. H., Yang S. H. and Han S. K., Modulation bandwidth enhancement of  

white-LED-based visible light communications using electrical equalizations, San Francisco, California, United States 

SPIE OPTO, Vols. Proc. SPIE 9387, Broadband Access Communication Technologies IX, 938. DOI: 

10.1117/12.2078680, (2015). 

[4] Git Hub https://github.com/mhrex/ Indoor_VLC_Ray_Tracing. 

 

 

OMN100-100 (2)



Ana Bordea, Ana Dumitrascu 

Constanta Maritime University, Mircea cel Batran no.104, Constanta, 900663, Romania, ana.dumitrascu@cmu-edu.eu 

 6. Optics-inspired approaches for non-optical applications: systems, devices, and signal processing. Poster 

 

 

Low Cost Seismometer for Building Integrity Measurement 
Ana DUMITRASCU1), Ana BORDEA 1)  

1) Department of Electronics and Telecommunications, Maritime University of Constanta, 
Constanta, Romania 

 
 

Keywords: accelerometer, building integrity, seismometer, low cost system, MEMS, 
 

Summary:  
This paper reports a MEMS based seismometer featured with low cost and wide working bandwidth. The new sensing 
unit has the following configuration: 3 axis accelerometer (ADXL345), arduino NANO board and a micro SD card 
adapter.  The design uses the capacitive effect for vibration sensing. 
 
Introduction 
Sensing of acceleration is the common principle of accelerometer. Capacitive, piezoresistive, piezoelectric etc. are the 
different principles used to find the acceleration. In all these mechanisms, the capacitive technique is attractive for the 
researchers now a days due to its high sensitivity, low noise floor, better temperature performance, low-power dissipation 
and a simple structure . Different MEMS accelerometers were designed for their specific applications. 
MEMS seismometers [1] are used in earthquake studies and are designed to be highly sensitive to ground vibrations.  
This paper presents a very low cost, sensitive MEMS acceleration seismometer used to measure the building vibration 
induced by the earthquake [2].  Two designs were evaluated in order to get a final desired design. 
 
Motivation 
In Romania, in the last 10 years there have been 10 earthquakes with magnitude over 5, being classified as strong 
earthquakes. Nine of them had the epicenter in Vrancea and one in the Black Sea. , Galati, Tulcea and Buzau where 
cracks were found in the walls of buildings and on the carriageways or even fragments of the walls of the buildings fell. 
The motivation of the theme is based on the use of electronic methods to evaluate the integrity of a building following a 
major earthquake. 
 
Structural Analysis 
Two designs were evaluated in order to get a final desired design. The first one has the following components: Arduino 
UNO, ADXL345 and Ethernet shield for SD card. After conducting the first set of measurements [3] we came to the 
conclusion that the device was bulky and that the sensor musn’t be strapped on the Arduino board.  
The second configuration has the following components: In order to reduce the size of the device, we went for Arduino 
NANO board, ADXL 345 and micro SD card adapter. The sensor can be moved freely from the board, as it is connected 
with soft wires, and it can be more easily placed on walls, windows etc.  
 

Measurements 
Under this configuration, 4 sets of measurements were conducted: 
The device was first placed on a wooden structure (a desk) and with the help of a subwoofer; some low frequency sounds 
were generated. In this situation, the data collected by the sensor is not useful, as all the accelerations were close to zero 
In the second set of measurements, the sensor was placed on the subwoofer and it collected data while the same low 
frequency sound was generated. 
In the third set of measurements the sensor was placed on the subwoofer and it recorded data over a 2 minute interval of 
time. The sound generated in this situation had frequencies between 2Hz-90Hz (figure 1a). 
The last set of measurements was in the same configuration, same time interval and the sound was in the low frequency 
range, but without any specifications (figure 1b)..   
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Figure 1.(a) The acceleration for the third set of measurements. (b) The acceleration for the last case scenario 

 
Results  
The final results will be presented in the extenso version of the article..  
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Summary:  
 
This paper aims to present the MEMS type inertial sensors, especially the MPU6050 sensor and its practical application 
in monitoring the attitude  of a two wheels vehicle along a race track.. 
 
Introduction 
 
In recent years, inertial navigation systems have become very popular in many industries, most notably - the auto 
industry[1]  - for providing advanced driver assistance systems (ADAS), and more in the contribute to the development 
of driverless vehicles. These systems, in addition to the inertial sensor, are equipped with GNSS receivers (GPS), laser 
scanners and video cameras or possibly in expensive and expensive applications - very accurate sensors. We can list 
inertial sensors such as VG440CA-200 (manufacturer ACEINNA) at a cost of about $ 4495, or STIM300 (manufacturer 
SENSONOR) at a cost of about $ 500. 
 
Motivation 
The MPU-6050 sensor manufactured by InvenSense Inc (California, San Jose) is a very low cost sensor, manufactured in 
MEMS technology, which is already used in many real applications. The cost is about $ 6 per unit. It is already found in 
various products manufactured in large series, from portable devices to robots and IOT applications.  
With the acknowledgement of some limitations but mostly by special data computing we can prove that the MPU 6050 
can be successfully used to monitor the performance in motorcycle race sports. In order to improve the efficiency of the 
applied filters, it is important to be aware of the nature and the distribution of errors that affect the acceleration and 
gyration measurements, for which we have performed a static analysis of the typical errors. 
 
Measurements 
 
The device was placed on the rear seat of a Yamaha R6 race ready motorcycle and we have performed measurements for 
about 20 minutes on the Adancata Motorpark in Ialomita, Romania. The computed data is presented in figure 2.  

 
Figure 1 The measured instantaneous accelerations for all three components 
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Results  
 
The graphical interface (obtained in Matlab) for after race data analysis for further improvement of the performance, is 
presented in figure 2 [2].  The screen capture corresponds to position number 286, where we have obtained an roll angle 
of 46 degrees and a pitch angle of 0 degrees[3]. The illustration shows both wheels of the motorcycle (fig2a) and the 
reconstructed race track by means of GPS measurements (fig.2b)..  
 

 

 

Figure 2 (a) the roll and pitch angle represented in 3D (b) the reconstructed race track of Adancata Motorpark 
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Summary:  
Population exposure to a series of harmful factors, such as pollution or pesticides, as well as drug abuse, leads to an 

increase in the number of cases of human intoxication. Even small traces of harmful xenobiotics in the human body may 

lead to serious health affections, if not detected and treated in time [1]. Therefore, quick and effective tracing of small 

quantities of chemical compounds in the human body is essential for proper treatment. Rapid and precise optoelectronic 

methods for xenobiotic detection are presented in this review paper, with a focus on mass spectrometry, liquid/gas 

chromatography and graphite furnace atomic absorption spectrometry.   

 

Motivation 
Drugs and other xenobiotics detection is essential for establishing a proper diagnosis and prescribing an effective 

treatment. Several xenobiotic detection methods have been developed [2], each providing a different level of precision in 

detecting particular substances and mixtures. Among the most discriminatory in substance detection are optoelectronic 

methods, such as mass spectrometry or infrared spectrometry. They rely on an analysis of the mass or absorption spectra 

of the sample, which provides information regarding the nature of the xenobiotic it contains. Such methods are only 

suitable for in-lab use, they are expensive, and require intermediate to high expertize for utilization. 

 

Results 
Ionică et al. have succesfully utilized a few of these methods for tracing several xenobiotics, such as canabinoids [3], 

platinum [4], and fentanyl [5] in urine or blood samples. A sample mass spectrum for fentanyl is presented in Figure 1. 

 
Fig. 1. Experimental mass-spectrum for fentanyl [5] 
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Summary:  
As time passes, the optical wireless communication systems (OWC) are seeing more and more technological 

advancement. The complete replacement of conventional lighting with LED based solutions seems to be in sight. 

Technology and its development always match the world's current needs, and as the whole economy is shifting towards 

ecology and sustainability, moving towards low consumption LEDs would seem to be a good approach. The LED's 

ability to switch on and off at a fast rate enables the possibility of developing new optical communication systems. In 

Visible Light Communication (VLC) systems, the LEDs represent the transmitter and the photodetectors represent the 

receiver. A similar technology to VLC, known as Optical Camera Communications (OCC) uses image sensors as the 

receiver. The paper investigates the performances of different OWC technologies and provides a detailed overview of the 

areas and applications in which they can be found. 

 
Motivation 
Lately, the optical wireless communication (OWC) [1] began to emerge. Such systems use the visible, infrared or 

ultraviolet light as the transmission medium. The technologies that are part of OWC are VLC, Free Space Optical 

Communication (FSOC), Light Detection and Ranging (LiDAR) and Light Fidelity (LiFi). In VLC systems’ case, 

illumination and communication can be provided simultaneously, using the visible light spectrum. For FSOC systems, 

high-data-rate communication can be handled over large distances, using visible light, near-infrared and ultraviolet 

spectrum. As for LiDAR systems, the information about a remote target, as well as the range can be found, the medium 

used for transmission being the near-infrared and visible light spectrum. LiFi communication is a complementary 

technology to the wireless fidelity (WiFi), where the illumination and high-speed communication can be provided 

simultaneously, using visible light for the downlink and infrared, ultraviolet or visible light for the uplink. These 

technologies, paired with 5G communication, will enable further expansion of internet-of-things (IoT) applications in the 

future. 

In VLC communication, the LEDs are used as transmitters and photodetectors (i.e., photodiode, phototransistor) are used 

as receivers. Data is transferred by the rapid change of the light intensity of the LEDs, change that must be very fast to 

prevent the perception of the flickering of the light by the human eye and also allow high data rate. Compared to classic 

radio communication systems, VLC has the following advantages: increased security compared to radio waves, which 

creates electromagnetic interference, therefore being dangerous in hazardous operations, the energy is used more 

efficiently, the use of light instead of radio waves benefits from a wider bandwidth, without causing environmental harm. 

There are a few disadvantages, however. VLC requires field-of-view alignment and line-of-sight clearance between the 

transmitter and the receiver. 

Thanks to the benefits of VLC in latency, energy consumption and low interference, the communication can be used in a 

variety of applications, from aviation for passenger media services, to hospitals, where conventional radio waves [2] 

could cause interference with medical equipment, to indoor localization systems, helping track moving objects in real-

time [3] through LED beacons and a camera facing upward, to smart displaying signboards, integrating information 

about the timetable of transportation vehicle or shops detectable using the smartphone’s camera [4] and also in museums 

or public places, where advertisement light panels could be used to provide information such as the author of a painting, 

or product details, or a contact address for more details, to the user’s smartphone via its camera. 

A different type of communication, known also as OCC, can be achieved by using image sensors [5] as receivers, with 

the advantage being the possibility of receiving information transmitted by multiple individual LEDs [6]. The OCC 
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technology can be used in the automotive industry, as part of the Intelligent Transportation System (ITS) [7], increasing 

the safety of the road traffic. ITS handles both vehicle-to-vehicle (V2V) [8] and vehicle-to-infrastructure (V2I) 

applications. V2V uses the vehicle's exterior lights to transmit various information to other vehicles [9] and to transmit 

positioning signals [10], increasing safety by providing the car with more data about the surrounding environment than it 

would have through its sensors/cameras only. As for V2I, communication takes place between the vehicle and traffic 

signaling system. With the car receiving direct instructions from a centralized control/monitoring system, this can help 

reduce traffic and increase safety. An example combining both principles could be ITS adapting traffic light timing, 

depending on traffic. A different scenario where this sort of system could be useful would be that in case of any accident 

or emergency, traffic lights could be diverted from their usual timing to show green on the emergency vehicles' path. The 

solutions available use as receivers high frame rate cameras, over 800 frames per second [11], that are very expensive. A 

solution that is cost-effective is using low frame rate cameras but has a disadvantage: it requires auxiliary 

synchronization between the image frame and the timing of the transmitted symbol [12]. Recently, OCC solutions using 

low frame rate cameras have been proposed that also don’t require auxiliary synchronization between the transmitter and 

the receiver. 

Results 

The paper investigates different OWC technologies and provides a detailed overview of the areas and applications in 

which the visible light communication and optical camera communications systems can be found. Though the domain is 

relatively new, it has the potential to overcome some of the difficulties found in various domains, i.e., in aviation, 

hazardous environments, hospitals, indoor localization, automotive. The paper helps researchers find current state-of-the-

art and challenges more easily. 
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Summary 
We have previously proposed a distance averaging method for antenna gain measurements in a multipath environment. 

Our technique was developed and validated for measurements in the main direction of radiation. In this work, we 

investigate whether the distance averaging method could be applied for measurements in minor directions of radiation.      

 

Motivation 
 

In a previous work [1], we presented a method based on distance averaging for antenna characterization in the main 

direction of radiation, in environments with multiple propagation paths. The distance averaging method [2, 3] was first 

examined in terms of reflections and diffractions on objects in the measuring site. In order to reduce the effects of multipath 

propagation a normalized, average transfer function was computed, over the set of normalized, transfer factors measured 

at different distances between antenna under test and probe antenna, by mitigating the effects of the propagation (magnitude 

and phase variation), as in free space. Further work was focused on gain measurements in the Fresnel zone [4], [5], [6]. 

Our approach was originally developed for main lobe gain measurements; consequently, the field strength received by the 

probe antenna over indirect paths is mainly due to scattering on environing objects of the waves resulting from antenna 

under test back or side radiation.  

In this paper, we show that our approach can also be applied for antenna back or side radiation measurements; we prove 

therefore that distance averaging is effective even when scattered waves result from main lobe radiation.  

 

Results 
As an antenna under test we choose a log-periodic dipole array (LPDA), designed for 800 MHz – 3 GHz. The probe antenna 

was a calibrated, biconical dipole (Fig. 1). Measurements were performed at nine equally-spaced distances between 

antennas, ranging from 90 to 150 cm (Fig. 2). 

 

 
a)                                               b) 

Fig. 1. Antenna under test (a) and probe antenna (b) 

 

 
Fig. 2. Measuring setup 
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Figures 3 and 4 show simulated and measured results for side and back radiation, respectively.  

 
Fig. 3. Antenna side gain 

 

 
Fig. 4. Antenna back gain  

A good agreement between measured and simulated results can be noted in both cases. 
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Summary:  
Ruthenium complexes are frequently utilized in dye-sensitized solar cell (DSSC) photosensitization, due to their long 

excited-state lifetime and high electrochemical stability [1]. Ruthenium-based dyes have two absorption peaks [2], 

around 550 nm, which is well exploited by the solar emission spectrum, and 400 nm, respectively, which remains 

uncovered by the solar emission spectrum. This shortcoming limits the device’s power-conversion efficiency. Graphene 

quantum-dots (GQD) emit, through fluorescence, photons of 400-500 nm wavelength, under ultra-violet illumination 

(200-300 nm) [3]. By doping a ruthenium-based DSSC sample with GQDs, 400 nm photons are generated in the 

proximity of ruthenium molecules, where they are absorbed and exploited for photocurrent generation, thus improving 

device efficiency. This paper demonstrates a power-conversion efficiency of 11.27%, under halogen lamp illumination, 

for ruthenium-based DSSC samples doped with graphene quantum-dots. This result represents a 10% efficiency increase, 

compared to a reference ruthenium-based DSSC sample with a 1.70% power-conversion efficiency, under halogen lamp 

illumination.  

 
Motivation 
The work reported in this paper is an experimental demonstration of a theoretical model presented in [4]. This model 

consists of a simulated ruthenium-based DSSC structure, doped with a variable concentration of GQDs and demonstrates 

an increase in photon-to-current conversion efficiency (IPCE), with an increase in GQD concentration, as shown in 

Figure 1. 

 
Fig.1. IPCE of the simulated DSSC structure, for different graphene quantum-dot concentrations [4] 
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Results 
Several DSSC samples are photosensitized with a mixture of Di-tetrabutylammonium cis-bis(isothiocyanato)bis(2,2′-

bipyridyl-4,4′-dicarboxylato)ruthenium(II) (N719) (Solaronix), and different quantities of graphene quantum-dots 

(Sigma-Aldrich), following two different fabrication protocols. Their experimental current-voltage characteristics (Figure 

2) are obtained, under halogen lamp illumination, and their device parameters are extracted. A power-conversion 

efficiency of 11.27% is obtained a DSSC sample doped with 1 mg GQD, as opposed to a 1.7% efficiency obtained for a 

reference sample. 

 
Fig.2. Experimental current-voltage characteristics DSSC samples, doped with various GQD quantities 
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Summary:  
The paper presents theoretical investigations of the filtering properties of hybrid metasurfaces, which offer an 

improvement on the absorption spectrum, with the possibility of tunability under certain conditions. Hybrid metasurfaces 

differ from typical metasurfaces due to the fact that their unit cell contains more than one material placed on the 

substrate. The selection of the components and inclusion in the desired geometry leads to improved light manipulation 

properties like multiband absorption, spectral tuning of the absorption band, optical anisotropy and activity.  

 
Motivation 
Plasmonic metasurfaces consist of periodic metallic [1] or more recently-discovered dielectric [2] elements placed 

periodically on a substrate, that are able to control and manipulate the electromagnetic field across a given spectrum 

based on the material type, geometry of the unit cell and initial properties of the radiation. Plasmonic metasurfaces act as 

nano-antennas for the electromagnetic radiation, making it possible to control the field wave front [3-5], polarization [6-

9], scattering and filtering properties [10,11], and also create nonlinear effects such as second harmonic generation [12]. 

Moreover, their compatibility to other light-controlling media such as liquid crystals [13] and their respective composite 

structures such as polymer-dispersed liquid crystals (PDLC-s) [14-16] offer the possibility for polarization controlled 

devices [17]. Due to these properties, plasmonic metasurfaces have been extensively used in the creation of bio-sensors 

[18], thermo-optic devices [19] and wave front controllers [20] to name a few. Hybrid metasurfaces extend the basic 

concept by including at least another material in the unit cell, placed conveniently in the geometry. The asymmetry 

produced by the inclusion generates exotic optical properties such as structural color generation with a direct application 

in the next generation of displays [21], sensing devices [22] and energy harvesting [23, 24]. Strong coupling observed in 

such systems can also lead to in-depth theoretical modeling of light-matter interaction in nanoscale cavities, expanding 

the knowledge on scattering and absorption in the nanoscale regime [25, 26]. 

In this paper, we perform a theoretical investigation of the optical properties of rod- and ring-like hybrid metasurfaces 

under a monochromatic incident field. We take into consideration different hybridization materials and host materials, 

and present the relevantly qualitative optical properties of such cells. 
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Results 

We performed simulations on hybrid metasurfaces consisting of rod- and ring-like conducting materials, 

where the unit cell contained at least one element of so-called impurity with respect to the host. The thickness 

of the transition layer was chosen at around 200 nanometers and the dimensions of the metallic components 

were chosen as to respect the resonance condition (less then one-tenth of the wavelength). We evaluated the 

electrical field distribution at the incidence plane and in the far field, together with the wave front of the wave. 
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Summary:  
The fifth generation (5G) and future wireless networks meet the necessities of a world increasingly more dependent on 

mobile Internet and mobile phones. Thus, there are a series of technologies that make this possible, part of which are 

present in this paper. One such technology is where multiple antennas can be used for the receiver/transmitter terminals 

known as MIMO and evolved to Massive MIMO, where the number of antennas is much higher. Another one is 

represented by orthogonal frequency-division multiplexing (OFDM) used to mitigate or eliminate the inter-symbol and 

intra-symbol interferences. Low-density parity-check (LDPC) codes have relatively low and scalable decoding 

complexity. Therefore, in this paper is proposed a Massive multiuser MIMO system with Manchester source coding, 

OFDM and LPDC channel coding used by multiple users, when the number of antennas at the receiver varies between 8 

and 12. Therefore, taking into account the afore-mentioned technologies and parameters, we analyze the quality of the 

information that reaches the base station (BS) using extensive Monte Carlo Matlab simulations in terms of bit error rate 

(BER) versus signal-to-noise ratio (SNR) for different types of spreading codes (PN, Walsh Hadamard), and different 

modulation techniques (BPSK, QPSK) with or without Manchester encoding.  

 
Motivation 
The purpose of this paper is to improve the quality of the information that reaches the base station, taking into account that 
this is being transmitted over a wireless network and it can be affected by different distortion factors like fading, 
interference etc. One of several techniques that minimizes the effect of fading and interference is known as diversity. There 
are many diversity techniques from which, in this paper, we use spatial or antenna diversity achieved by Massive MIMO. 
Despite the complexity introduced by the high number of antennas present at both terminals – transmitter and receiver, 
there are other advantages that will contribute to the enhancement of the overall performance of the proposed system, like 
higher data rates and higher spectral efficiency compared to traditional single antenna systems [1-5].  
To maintain and improve the advantages brought by the above-mentioned technology, the use of OFDM modulation 
technique in combination with Massive MIMO offers a reliable communication at very high data rates and achieves high 
spectral efficiency that also implies high capacity and throughput [6-8]. 
In [9] is presented a system with a maximum two users at the transmission and two users at the reception, with Manchester 
source coding when the BPSK, QPSK and 16-QAM information is sent over a channel affected by Rayleigh fading and 
using PN, Gold and Walsh Hadamard spreading codes in order to separate the users. The authors in [10]  presented a 
system with LDPC coding and OFDM modulation scheme using different MIMO configurations to study and optimize 
their performance considering a fixed data rate.  
Therefore, each of the technologies mentioned above are included in this paper and their performance will be simulated 
and evaluated using extensive simulations performed Matlab, based on the Monte Carlo technique.  

 
Results 

 

The performance of a Massive MIMO system when using DS-CDMA was evaluated, in which up until 15 users are 

individualized using PN or Walsh Hadamard spreading codes, in a configuration with one antenna at the transmitter and 

8, 10 and 12 antennas at the receiver. We evaluate the error performance of BPSK and QPSK modulation schemes when 

the transmission is performed through a channel affected by Rayleigh fading. A Manchester source coding is performed 

together with a LDPC channel coding. At the reception, we used a MMSE detector to estimate the information 

transmitted by the users.  

In Figures 1, 2 and 3 we can see the simulation results for our proposed system. In Figure 1 it can be seen that for a fixed 

number of users, equal to 10, the performance is better when the number of antennas at the reception is bigger than the 
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number active users. In Figure 2 it can be observed that Walsh Hadamard spreading codes achieved poorer results than 

PN for a fixed Massive MIMO configuration and a fixed number of simultaneously active users, equal to 15, on the 

wireless communication channel. In Figure 3 we made a comparison between BPSK and QPSK modulation scheme and 

it can be noted that QPSK obtained poorer results because the symbol is formed with a higher number of bits that can be 

affected by different distortion factors. 

  

The paper is still under development. Additional results are expected after 

the simulations with Manchester coding are completed, building a solid 

database to make a reliable comparison as we improve our system by using 

different techniques to mitigate or eliminate the effects of fading, noise, 

interference between users and so on that may occur on a wireless 

communication channel. 
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Figure 3 BER vs SNR for K=10 users and (1x10)  

configurations when using BPSK or QPSK  
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Massive MIMO configurations 

 

Figure 2 BER vs SNR for K=15 users and different for a (1x12) 

configuration with Walsh and PN 
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Summary:  
In the electronics world embedded systems are everywhere, many of which are based on microcontrollers. Throughout 

the design cycle of such systems, the microcontroller’s performance is always critical for the project’s success. But what 

does performance represent for a microcontroller and how can we measure it? This paper presents an analysis of different 

test algorithms executed on some 8-bit microcontrollers. The test algorithms are represented by test sequences that are 

carefully designed in order to reflect real life scenarios. This study takes into consideration two performance aspects: the 

execution time, also known as time performance and the power consumption, also known as power performance. At the 

end of this paper there is a performance comparison between multiple 8-bit microcontrollers. 

 
Motivation 

Throughout the design cycle of a project based on an embedded system, the microcontroller’s performance is always 

critical for the project’s success. But what does performance represent for a microcontroller and how can we quantify it? 

Depending on the architecture, there are many microcontroller performance characteristics, for example, system clock 

speed, memory size, number of peripherals, number of pins, power consumption etc. This paper focuses on analyzing the 

microcontrollers’ performance based on two characteristics: the execution time of a certain test sequence and the power 

consumption during the execution of the test sequence. Based on the results, some test sequence optimizations are 

explored as well. At the end of this paper there is a performance comparison between multiple 8-bit microcontrollers. 

Therefore, the purpose of this study is to help engineers design performant systems, both fast and power efficient. 

 
Results 
The general concept description for determining the time and the power performance is presented using figure 1. The 

performance evaluation of a microcontroller in this paper is presented as the amount of time needed to perform a certain 

task and the amount of power needed during the execution of that task. 

Figure 1 shows a graphical representation of a succession of Test Sequence states and Idle states. Measuring the time 

needed by the microcontroller to execute the Test Sequence gives an indication about the time performance. During the 

state alternations, the current consumption of the microcontroller varies, meaning that the microcontroller is expected to 

use less power during the Idle states and more power during the Test Sequence state. Calculating the difference between 

the Idle and Test Sequence power consumption gives indications about the power performance of the microcontroller. 

  

Fig. 1 – Execution time and power consumption – general concept description 

 

Some of the partial experimental results are presented as samples in figure 2. The results were obtained by measuring the 

execution time and the power consumption for three 8-bit microcontrollers produced by Microchip Technology Inc. The 

test sequence used in these experiments is based on an algorithm that is executing arithmetic operations. For getting a 
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better understanding of the microcontroller’s performance, in this abstract, two system clock frequencies were selected:  

4 MHz and 8MHz. 

 

Fig. 2 – Test sequence – power consumption and execution times for 4MHz and 8MHz clock frequency 

 

Analyzing experimental results from figure 2, we can observe the performance tradeoff between current consumption 

(the lower the better performance) and execution time (the lower the better performance). Another observation is that by 

adjusting the microcontroller’s clock frequency (F_oscillator), the performance scale can be tilted towards execution time 

or towards current consumption. 
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Summary: 
The novelty of this work is the statistical perspective of the cryptanalyst being able to perform a chosen plaintext attack 

on a private communication scheme involving chaos-based algorithms. The attacker finds himself in the position of 

analyzing the pseudo-random matrix that was used for encryption. The contribution is done in the context of the well-

known fields of secret-key cryptology and that of wavelet compression of images. The analysis is exemplified on the 

thoroughly investigated in the existing literature simplest chaotic system, the logistic map. Kolmogorov-Smirnov tests, 

histogram testing, autocorrelation functions and nonlinear SVD are used. Also, a new compression-enciphering wavelet-

based algorithm is to be proposed and analyzed. 

 

Motivation 
Compressive sensing allows measurement at sub-Nyquist-Shannon sampling rate1. Combined with chaos-based 

generation of the sensing matrix2, it enables encryption and compression at the same time. Frunzete et al.3 have shown 

that the chaotic tent map is a good candidate to be the seed of such a matrix. By knowing the secret key – the parameter 

and the initial condition of the map, the authorized receiver can decipher the secret message embedded in such a 

communication scheme. The only piece of information needed to be transmitted over the communication channel is the 

double floating-points numbers composing the key, instead of a large pseudo-random matrix. A compressive sensing-

based transmission using the tent sequences is proposed in 4. 

Nevertheless, there are some problems with such schemes: the parameters of the chaotic maps can be extracted 

using statistic methods like the Kolmogorov-Smirnov test5, histogram testing, autocorrelation functions6 or nonlinear 

singular value decomposing (SVD) 7, 8. Therefore, dynamically changing the secret key9 is a beneficial approach. This 

work exposes a statistical analysis of the extraction of the parameter R of the logistic map (1) 10 when used to generate a 

sensing matrix in a communication scheme. The limitations in estimating the parameter R of the used statistical methods 

are compared and discussed. 

x[k+1] = Rx[k](1-x[k]),           (1) 

with x in (0,1), R in (0,4], and k the discrete time moment. 

 

Image compression is also achieved using wavelet transforms 11, 12. The encryption and compression of images 

based on chaotic map wavelet transform are investigated. The same statistical procedure as the one previously illustrated 

can reveal (a part of) the key used by the wavelet transform to hide data in a private communication scheme. 

 
Results 

The cryptographic scenario in Fig. 1 involves the multiplication of a pseudo-random matrix ϕ with the plain-

message X to result in a crypto-message Y (2). The pseudo-random matrix ϕ is generated using the map (1) in chaotic 

regime, i.e. R>3.57. 

Y = ϕX               (2) 

The key of this transmission is K = (R, x[0]), i.e. the parameter and the initial condition of the logistic map (1). In 

this investigation the perspective of the cryptanalyst is taken into consideration. Therefore, the goal is to find that key. 

The algorithm is public knowledge, the attacker knows its functioning, but he has no access to the key. Moreover, the 

cryptanalyst can perform a chosen text attack. That means that he can choose X and obtain Y. Then, by multiplying the 

right of equation (2) with the inverse of X, the elements of ϕ are found. They are iterations of the map (1), considered 

successively (d = 1) or with a sampling distance ensuring decorrelation between the considered samples [Badea2006]. 

An analysis of the histograms of the time-series obtained by reshaping matrix ϕ into a vector, reveals the value of 

parameter R, as it can be observed from Fig. 2 and Fig. 3. Table I summarizes the results of the SVD when estimating the  
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Fig. 1. Private communication scheme based on a logistic map sensing matrix. 

 
Fig. 2. Histograms of the logistic map for x[0] = 0.4557. R = 3.7 (left), R = 3.89 (center), R = 4 (right). 

 
Fig. 3. The shape of the logistic map’s autocorrelation function depending on initial conditions (left) and parameter (right). 
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parameter of the map (1) from the transmitted data series. The samples were taken consecutively or according to the 

minimum independence sampling distance, at the transmitting end. 
 

Table I. Singular value decomposition results when estimating parameter R of the logistic map, sampled using successive iterations (d 

= 1) or the distance for decorrelated values (d = 35). 

R 
d

 =
 1

 
3.999029407218239 4 

d
 =

  
3

5
 

3.999029407218239 4 

Estimated 

R 

3.999029407100511   4.000000000137501 3.052585858468511 0.227703495214937 

Relative 

error 

2.94∙10-9 3.43∙10-9 23.67 94,30 
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Summary: In the last decades, poly(3,4-ethylenedioxythiophene) (PEDOT) has been actively investigated in the field of 

materials for the generation of active layer in organic electronic devices.
1,2

 Although remarkable progress has been made 

in the design and synthesis of PEDOT compounds,
3-5

 several limitations including low solubility and processability have 

limited their applications in optoelectronics. Over two past decades, more attention has been focused on the construction 

of conjugated polyrotaxanes (CPRs) as an alternative approach for improving the solubility of conjugated polymers.
6-8

 

The majority of reported CPRs exhibited distinct improvement in the solubility, surface-morphological characteristics 

and reduced aggregation tendency compared to those of the non-rotaxane counterparts.
9-13 

The synthesis of such 

architectures is based on the molecular recognition principle and is a result of various non-covalent interactions that 

offer a way of constructing better protective sheath around the conjugated chains. In this perspective, the use of 2,3,6-tri-

O-methyl γ-cyclodextrin (TMγCD) with better water solubility as well other organic solvents solubility and larger 

hydrophobic surfaces than the commonly used native cyclodextrins (CDs), seems to be very attractive and should 

provide an unexpected opportunity to obtain PEDOT supramolecular compounds with improved solubility and 

processability. Most recently, permodified-cyclodextrin derivatives such as 2,3,6-tri-O-methyl CD (TM-CD) and 2,3,6-

tri-O-trimethylsilyl CD (TMS-CD) have been generating tremendous interest as new macrocyclic hosts in 

supramolecular chemistry. They are less hydrophilic than native CDs and should exhibit a significantly increased ability 

to bind aromatic guests through hydrophobic interactions. TM-CD permodified derivatives are more soluble in water, 

while TMS-CD in nonpolar solvents and both exhibit lower propensity to aggregate than native CDs.
6
 Recently, our 

group reported the synthesis of PEDOT covered by 2,3,6-tri-O-methyl β-cyclodextrin (TMβCD), which allowed the 

improvements of the PEDOT solubility and to use them as thin films in the elaboration of electronic devices.
14 Thus, our 

efforts are being made in this direction and in this presentation we synthesized PEDOT polyrotaxane by using 2,3,6-tri-

O-methyl γ-cyclodextrin (TMγCD) macrocycle. The chemical structure of the PEDOT∙TMγCD polyrotaxane is 

illustrated in Figure 1. The synthetic strategy for the construction of such compound involved as a first step the threading 
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of 3,4-ethylenedioxythiophene (EDOT) neutral guest into TMγCD cavity resulting in the formation of EDOT∙TMγCD 

inclusion complexe. The resulting complex was then converted into PEDOT∙TMγCD by chemical oxidative 
polymerization of EDOT∙TMγCD with iron (III) chloride (FeCl3) in water and subsequent the attachment of bulky 

triphenylmethane (TPh) groups (stoppers) at the end of polymerization of PEDOT chains.
14

 For a comparison, the neat 

PEDOT was synthesized under the same experimental conditions. The PEDOT∙TMγCD was obtained as a dark-green 

solid and partially soluble in acetone, CHCl3 and THF, as well in polar solvents such as DMSO or DMF compared with 

PEDOT, which is not soluble.  The chemical structures of the synthesized compounds were proved by FT-IR and NMR 

spectroscopy. FT-IR spectrum of PEDOT∙TMγCD reveals distinct peaks located at 1043 and 1030 cm
-1

 (not shown) 

attributed to TMγCD that proves the presence of the macrocycles in the 

polyrotaxane structure. 

 

Figure 1. Chemical structure of PEDOT∙TMγCD. 

 
1
H-NMR spectral analysis was used to determine the average number of 

TMγCD per repeat PEDOT units. The molar coverage ratio calculated 

from the integrated area of the H1 from TMγCD (5.15 ppm, IH-1) and 

the methylene proton peaks of the PEDOT (4.42 ppm) (IH-1/7)/(I/4) was 

found to be 49.7  %. It is worth to mention that even if the reaction was 

performed with about 2/1 TMγCD encapsulation of EDOT units, the 

resulting PEDOT∙TMγCD contain one TMγCD per two EDOT units 

quantified by 
1
H NMR in CDCl3. The physico-chemical characteristics 

of the PEDOT∙TMγCD compound are summarized in Table 1. 

Table 1. Physico-chemical characteristics of the synthesized compound. 

Sample Solubility
a
 GPC

b 
TM-γCD 

coverage
c
 (%) 

Yield 

(%) DMF, 

DMSO 

Acetone, 

THF, CHCl3 

Mn 

g∙mol
-1 

Mw/Mn 

PEDOT∙TMγCD +
d 

±
e 

18.000 2.6
 

49.71 28.3 
a
 Samples solubility was determined by the dissolution of 5 mg samples in 2 mL of solvent at r.t. via ultrasonication. 

b  

The values were obtained according to Pst standards and THF as eluent. 
c 
Determined from 

1
H-NMR. 

d 
(+), soluble. 

e 
(±), 

partially soluble. 

 

The optical properties of the neat PEDOT and PEDOT∙TMγCD compounds were investigated by UV-Vis. The UV-Vis absorption 

spectrum of PEDOT∙TMγCD in THF solution is consistent with the spectrum of neat PEDOT in DMSO. The bands at shorter and 

longer wavelengths correspond to the -* transition and free charge carriers of the PEDOT polymer backbones, respectively.
14,15

 

The fluorescence spectra revealed a clear bathochromic shift of PEDOT∙TMγCD (~ 15 nm), relative to those of neat PEDOT. This 

can be attributed to a more planarized structure of the polymer in the polyrotaxanes architecture.
14

  

Taking into account that the morphology and microstrure is the most crucial for the device performance, the surface 

morphology was further investigated through atomic force microscopy (AFM), Figure 1. From an overall morphological 

point of view, PEDOT∙TMγCD exhibited more favourable surface parameters compared to uncomplexed PEDOT.  

 

Figure 1. AFM images obtained over 5 x 5 m
2
 areas of PEDOT in 

DMSO (left) and PEDOT∙TMγCD polyrotaxanes (right).  

We further investigated the p-doping (oxidation) processes of 

PEDOT∙TMγCD by cyclic voltammetry (CV) at a scan rate of 20 mV∙s 
-1

. 

The electrochemical properties are summarized in Table 2.  

Table 2. The electrochemical data of PEDOT∙TMγCD polyrotaxanes.   

Sample Eonset
Ox

 (V)
a
 EHOMO (eV) λonset (nm) ΔEg

opt
 (eV) ELUMO (eV) 
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PEDOT∙TMγCD -0.051 -4.37 585 2.23 -2.14  

a 
Versus Ag wire. Fc calibrated at 0.434 V 

In summary, the improved solubility of the PEDOT∙TMγCD structure in common organic solvents (THF, CHCl3) should 

be more promising than the neat PEDOT for the generation of active layers in organic electronic devices. Our attempts 

to explore the behaviour of these supramolecular complexes for optical applications are currently underway. 
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Summary:  
Valves are elements of the pipe through which fluid flow is controlled, directed and regulated permanently. A single 
type of valve cannot fulfill all these functions (control, steering and adjustment), which is why there is one type of 
valve for each function. 
Four types of actuators can be attached to valve’s body rod: 1) Spinning wheel (manual device); 2) Pneumatic 
actuation (device driven by air pressure); 3) Electric actuation (device powered by electric current); 4) Hydraulic 
actuation (device driven by hydraulic oil pressure). 
Valve actuators improve control, accuracy and efficiency. Despite higher capital and operating costs, the actuators 
are frequently cost-effective in oil and gas industry where automation is a necessity due to remote, dangerous areas, 
unmanned installations. 
Electric actuator can be controlled remotely from a control center. More than 1 million actuators are in use around 
the world, some being in operation for more than 50 years. Reliability is primary reason for selection of those type of 
actuators. 
Searches related to data published by European Industrial Forecasting Ltd. (EIF) in 2015, shows that nearly 75% of 
all valves in the oil and gas sector are automated, compared to just 30% across all industries combined. 

Motivation 
Due to the constant increase of the level of automation, in all the industrial sectors and especially in the Nuclear 
Power Plants, the electric drives have become more and more important in the control of the processes. 
LIMITORQUE electric drives, by their construction can be used wherever the valve is automated. It is possible to 
adapt to the automation requirements of any type of valve. 
The operation of the electric actuators is based on the drive of a reducer by an electric motor. The rotational 
movement of the electric motor (1) is transmitted to the valve shaft (3) by means of the reducer (2) so that upon 
receiving a command, it will close or open the valve or position it, in a predefined intermediate position.  

Figure 1 shows a LIMITORQUE electric drive model with the component parts schematically. 
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Fig.1 Limitorque electric actuator (Component parts: 1- Motor, 2- Reduction, 3- Valve shaft, 4- Manual drive wheel, 5- Race 
limiters block, 6- Moment limiting block, 7- Switching lever from electric to manual). 

 
Our major attention has been focused on identifying the defect that may that may occur in a valve which would lead 
to the abnormal functioning of an electrical or pneumatic operation.  
For this purpose, we will use the VIPER20 diagnosis and analysis equipment that can safely identify the defect and 
reducing significantly the equipment unavailability and replacing only the defective part or equipment. 

Results 
The analysis and diagnosis program can overlap a number of four records. 
Following the analyzes performed on the recorded diagrams, the evolution of the equipment status can be 
determined. 

 
 

Fig.2 Viper20 diagram with IA current value and OSW/CSW 
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Figure 2 shows the starting current, the pull-out current of the drawer, the push-in current of the drawer, the 
operation of the limiters at the closed / open positions (CSW - Close Switch, OSW - Open Switch). 
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Summary:  
Pneumatic actuators are mechanical devices used to convert pressure of compressed air or gas in mechanical action. 
They exercise required air pressure from the compressor to create displacement by moving a piston. 
Main advantage of pneumatic actuator over electric actuator is that it will always reach predefined safe position even 
after losing air pressure (most used type of pneumatic actuator is linear or pneumatic cylinder type).   
There are three types of pneumatic actuators: 1) Linear Actuator or Pneumatic cylinders; 2) Rotary Actuator or Air 
motors; 3) Limited angle Actuators. 
The air cylinder is a simple and efficient device for providing linear trust or straight-line motion with a fast response 
speed, particularly suitable for single purpose applications and /or where rapid movement is required. 
 
Motivation 
We chose the Parcol type pneumatic valves with Fisher DVC accessories, because they are quite reliable and no 
significant defects were identified. They are among the most used pneumatic actuators for control valves (level - 
LCV Level Control Valve, temperature - TCV Temperature Control Valve, flow - FCV Flow Control Valve, 
pressure - PCV Pressure Control Valve). 

 

 
 

Fig.1 Parcol type pneumatic valve actuator 
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We chose Fisher DVC accessories (electro-positioner and position transducer) because they have many advantages 
and disadvantages: 
- Exact distance indication (on the control panel from control rooms) of the current position on the ground (with a 
fairly high accuracy). 
- The possibility of remote calibration of the Fisher DVC electro-positioner. 
- Possibility of reading the operating parameters in real time at a distance (on the control panel from control rooms). 
- The calibration, as a disadvantage, is performed with the HART Communicator or with the software licensed from 
the manufacturer (Valve Link). 
- Operation with a very precise control due to the possibility of tuning on the electro-positioner and with the 
introduction of as much data about the valve, accessories in the memory of the electro-positioner. 
 
Results 
With the help of the diagnosis and analysis equipment VIPER20, a database is created where all the records made on 
a device are stored. Following the records obtained on an equipment can determine the evolution of the state of the 
equipment (the registered parameters remain unchanged or their degradation is observed). At the control valves you 
can use several preset test sets: Live Display, HDRL, Step response, Step sensitivity, Dead band, etc., with the 
accessory calibration module (I / P converter, pressure regulators, etc.) in Calibrate working mode. 
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Summary:  
This paper proposes an open-source graphical FPGA-board software simulator, that resides on top of an existing HDL 

simulator. Its main purpose is to simulate a fully-equipped FPGA development board with emphasis on user-interaction 

(buttons, switches, colored LEDs, 7-segment displays etc.). The main purpose of such a simulator is e-learning, that is: (a) 

practice for students and (b) remote demonstration of digital design concepts, for teachers. 

The user is required to use the same toolchain as for the real FPGA board, but instead of programming the FPGA 

residing on the FPGA board, he must drag-and-drop the constraints-file over the simulator’s main window. Simulation will 

start automatically, and the user may interact with the simulator using the mouse. 

Figure 1: A snapshot of the simulator GUI while simulating a combinational circuit: an OR gate between SW9 and SW8 (bottom left-

most switches in “up”- logic 1 - position) with output on LEDR9 (bottom left-most, slightly lit in orange-red color) 

 

Motivation 
In current world situation (March-April 2020), COVID-19 isolation has pushed tele-working and tele-teaching to their 

limits. Laboratory equipment has to be either time-shared or simulated. When looking for a simulator for our Digital Circuit 

Laboratory (600 students using 30 boards for a total of 12h per each weekday), we could not find anything (open-source 

or free) resembling an FPGA board. In fact, we could not find anything (paid or not) that really gives similar user experience 

with a real board (user experience, not speed of simulation). Some attempts have been made, for remote-access to a real 

laboratory [1] but they still need the real hardware in one site. An attempt to load-balance laboratories across European 

Union’s universities was made around 2013 (eDiViDe) but was not available for testing at this moment [2]. 
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There are indeed lots of tools for simulating digital circuits[3][4] or mixed-signal[5][6] but they either only simulate 

the FPGA device and their output is made of waveforms or, they are general-purpose PCB simulators (for PCB 

makers)[7][8], but they target the professionals (analog designers or PCB designers), not inexperienced users such as 

undergrad students (they require user interaction for drawing the traces, for example); in addition they lack the realism and 

they are not quite financially accessible to undergrad students (cheapest dev-board with 7-segmendiplays, LEDs and 

switches is around $150 with the chance of slightly decreasing when academic program applies [9]). Labcenter’s Proteus 

is the closest we can find in terms of user experience (it still looks like software simulation), and it can simulate an VHDL-

design either as a GAL or as a custom-chip via the “macro” feature, but one will still need to design the FPGA board and 

pay the license (which starts from $249 for the very basic schematic editor) [10] 

 
Results 

A Java-based simulator for Altera DE1 FPGA board was developed on top of … Xilinx Vivado toolchain 

(xvlog/xelab/xsim). One might question the choice of toolchain & simulator (both need to be available on the user’s PC, 

that exceeds 20 GB of SSD space) but these are the boards we are using in our lab, and Vivado was better documented 

regarding tcl interaction with the simulator. 

 

Current status: A combinational circuit (2-input OR-gate) was simulated successfully. 

Future expectations: 

• being able to simulate any single-clock source sequential circuit 

• possibility of the user to add any board just by editing a few text files and textures. 

 

Additional details regarding the inner workings of the software: 

The simulator loads a board-folder, containing a real picture of the board and definitions for the user controls (X/Y-

coordinates and type: LED, segment of 7-segment display, buttons, switches etc.)  which will be used for graphical output 

of the digital design. The user builds its custom hardware design in the FPGA-manufacturer’s toolchain (eg. Intel/Altera 

Quartus II) and defines the internal links, the user drag-and-drops the constraints file into the board simulator. Currently 

only Verilog HDL is supported, but VHDL support may be added by simply writing a proper Java file parser to extract 

module names’ and its interface signals. 

The modular property refers to the ability of using virtually any HDL simulator, and any design toolchain 

independently, provided proper classes (modules) for corresponding interfaces are written for them. 
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Fig.2 Software system block schematic 
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Summary:  
This paper proposes a solution for fast prototyping systems containing multiple acquisition sources (sensors). The 

main purpose for it, is software debug and test which is more convenient to be done in an x64 machine than on an ARM 

platform which usually powers such embedded systems.  

A C++ class hierarchy (with interfaces) was implemented to ensure the simulator and real-hardware will be able to 

run same applications. For each sensor in the system, a simulator functional module was developed to allow higher-level 

application be developed when multiple working hardware prototypes are not available.  

Although not all operations are suited to run on the simulator (eg. real-world measurements), some of them  (eg. 

statistics regarding storage capacity, design of the user interface etc.) can be performed with similar success on the 

simulator. 

Figure 1: Software system schematic. Yellow modules are implemented for this simulator.  

The green modules are common among the real system and the simulated one. 

 

A Graphical User Interface was developed to allow graphical supervision of the simulator. Screen captures are shown 

in the Results section below. 
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Motivation 
In current world situation (March-April 2020), COVID-19 isolation has pushed tele-working and tele-teaching to limits 

unseen before globally. Laboratory equipment has to be either time-shared (risking contamination) or simulated. In 

addition, hardware prototypes are usually made in small numbers (as they imply manual labor) and do not usually match 

the number of team-members working on the project. Some microcontroller simulators exist [1], but they only have a 

handful of peripherals and additional devices in their library. Simulation of a custom embedded system is hard to implement 

using general-purpose simulators (usually they do not have the of-the-shelf devices used in the design: eg. 

photospectrometers) and they also have steep licensing cost (compared to the hardware) [2] 

C++ language was chosen for speed and compatibility with the hardware implementation. Other languages could have 

been used, but one should write binding for such languages, as some manufacturers offer only C/C++ API [3] 

 

Results 
A C++ simulator for a precise agriculture embedded system was developed. The system is defined by editing a 

“system.json” file with a specific format. The following example defines a system with two GPS receivers, one humidity 

sensor and one photospectrometer: 

{ 

 "system_name":"SimulatedSystem", "components":  

[{ "id":0, "type":"sensorGNSS", "name":"GPSreceiver#1", "updaterateHz" : 2, "staticdata":["55.456","66","200"], 

"comment":"statticdata is longitude, lattitude, altitude"}, 

{ "id":1, "type":"sensorGNSS", "name":"GPSreceiver#2", "updaterateHz" : 0.1, "dynamicdata":["datagnss.sim"], 

"comment":"dynamicdata is a file with NMEA0183 lines"}, 

{ "id":2, "type":"sensorHumidity", "name":"HUM#1", "staticdata":[ "50"] , "comment":"staticdata is relative humidity in 

percentage"}, 

 { "id":3, "type":"sensorPhotospectrometer", "name":"USB2000PLUS", "dynamicdata":[ "spectrometerdata.sim"] , 

"comment":"dynamicdata is a file with two columns (wavelength and intensity) per line"}] 

} 

One can use this simulator for example to see the used disk space evolution in real-time or quickly debug software 

problems (eg. stack smashing, non-threadsafe library calls) and then focus over the details of post-processing implemented 

in the top-level application. 

 

Current status: The simulator containing: PH / humidity / temperature / GNSS / Photospectrometers sensors is now 

implemented and working. For all the sensors, including GNSS and the spectrometers, the user can input custom data into 

the simulator (only by editing one text file with to-be-received data, per sensor: that is, the file referred to, by dynamicdata 

parameter) 

 

Future development: Add more sensors types, perform performance testing, monitor occupied RAM 

 

 
Figure 2: A snapshot of the system’s GUI (running on a remote device, a web browser) while running the embedded system configured 

to contain two photospectrometers. The PNG picture with the merged visible-spectrum photospectrometer (red) data and IR-spectrum 

photospectromer (blue) data. Y axis is scaled to 256, X axis is from 0 nm to 2600 nm wavelength 
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Figure 3a and 3b: A snapshot of the system’s GUI (running on a remote device, a web browser) while running the embedded system 

having a PH sensor, a temperature sensor, a humidity sensor and a global-position sensor 

3a – shows the simulated GPS position, 3b – shows a summary of the system 
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Summary:  
In the first part, this paper aims to analyze the optical and electronic performance of advanced LED lighting applications, 

taking into account the cost of the entire system. Consequently, for three price classes (low, middle, high), we investigate 

the power conversion efficiency, their grid impact, lighting characteristics, and finally the cost-benefit ratio. 

Experimental measurements on physical prototypes validate the simulations performed with real supplying conditions. 

The final part of the paper explains some optimization steps for price-performance ratio according to a multicriteria 

matrix or to the main criteria established by the beneficiary. The study should be a useful decision making tool for both 

the scientific community and the contracting authorities. 

 
Motivation 
The strategic vision of Europe materialized through the 2014-2020 operational program is based on development needs, 

prioritized for the actual socio-economic development. Special documents and statistical data confirms the great potential 

for energy saving (> 60%) in the public and residential lighting sector, which represents 14% of total EU energy 

consumption [1]. Solid state lighting (SSL) including luminescent (LED) and organic (OLED) lighting is the most 

innovative technology on the market [2]. 

In this situation, within Axis 3 - Supporting the shift towards a low carbon economy in all sectors, the EU finances the 

deep renovation, respectively the infrastructure modernization of the public indoor and outdoor lighting service. 

 
Results 
In the exploitation of LED lighting systems, the working environment, as well as power grid parameters specified in the 

technical guidelines, are not ensured in all installation points. The deviations from the nominal operation area have major 

implications on device performance and reliability [3]. For this reason, the first preliminary investigations concerning 

LED performance, focus on energy quality (fig. 1). 

 

Tab.1. Voltage events in regional power grid 

 

 

 

 

 

 

 

 

 

Fig. 1. LED power supply prototypes 

(a) high-, (b) middle- and (c) low-cost. 

 

(a) (b)     (c) 
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Technical-demonstrative analyzes were performed in order to identify and compensate the weaknesses, respectively to 

optimize the system design. In the first phase, the three LC, MC and HC standard prototypes under test (fig. 1, a, b, c) 

were simulated in the time and frequency domain. As a reference model, the best-performing source (flybeck converter 

[4]) consisting of: an insulated driver with PFC control, diode rectifier, dimming module, regulated load current, open- 

and short-circuit load protection, was taken. The power supply boards are designed to deliver a 20V nominal LED 

voltage, powered by an a.c. input voltage between 90VAC to 270VAC. These circuits are suitable for applications 

requiring up to 100W of LED power (more diodes). 

Static and dynamic simulations performed with real data reduces the errors generated by modeling and ensures the 

accuracy of this investigation. Several parameters have been modified to study the system behavior, including the input 

voltage and current, duty-cycle ratio, final MOS type [5]. The majority of the theoretical results were confirmed by 

practical measurements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Schematic diagram 

 

Fig. 3. Simulated Waveforms.  (top) input voltage and current.  (bottom) LED voltage and current. 

 

In the full paper, besides simulations, for the board samples in the mentioned price categories, the following experimental 

investigations will be presented and explained: 

- voltage and current range at the input and output terminals 

- analysis of the power factor and the harmonics content 

- assessment of energy efficiency at usual operation points 

- practical aspects regarding the electromagnetic pollution (EMI). 

The proposed contribution is up-to-date, because the subsidization of low-energy LED lighting is also one of the key 

objectives of the Digital Agenda for Europe [6]. 
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Summary: 
In this paper, a Maximum Power Point Tracking (MPPT) solar charge controller is designed and implemented to achieve 

the maximum power extraction from a photovoltaic (PV) panel during the charging phase of four Lithium Iron Phosphate 

(LiFEPO4) cells connected in series, which can replace the classical 12 V Lead-Acid battery of a vehicle. The system 

uses a digitally-controlled synchronous Buck converter to maximize the power extracted from the panel through the 

Perturb-and-Observe (PO) algorithm, which sets the duty cycle accordingly. The main parameters (voltages, currents, 

powers for both panel and battery) of PV system are printed on the built-in Liquid Crystal Display (LCD) and are also 

transmitted over the Controller Area Network (CAN) interface to other Electronic Control Units (ECU) of the vehicle.  

 
Motivation 
Nowadays, the electrical energy consumption reaches higher and higher levels and, alongside it, the pollution level. To 

be able to achieve a drop in the pollution level, the focus must be set on renewable energy sources like solar energy, 

hydro plants, and wind energy. Solar energy can be used to implement various systems in both conventional and electric 

vehicles, thus contributing to preservation of the battery charge as well as increasing the battery life. A solar charge 

controller is a device that manages the power going into a battery bank from a PV panel. It ensures that the batteries are 

not overcharged during the daylight and that the power does not run backwards during the night and drains the batteries 

[1]. There are two types of solar charge controllers: Pulse Width Modulation (PWM) controllers and Maximum Power 

Point Tracking (MPPT) controllers. The PWM controllers are the most common ones due to the simplicity of 

implementation and reduced cost, but the MPPT controllers are more efficient in power conversion [2].  

 

In this paper, we propose a PV system for automotive industry to charge the 12 V battery. A flexible PV panel SolarFam 

SZ-100 (maximum power 100 W for current of 5.99 A and voltage of 16.7 V, dimensions 515x1225x3 mm) can be 

mounted on the vehicle’s roof. As 12 V battery, we consider four series-connected high capacity LiFePO4 cells, CALB 

CA180HA (nominal voltage 3.2 V, capacity 180 Ah, operating voltage 2.50 - 3.65 V, dimensions 278x180x71 mm).  

 

The proposed MPPT solar charge controller manages the charging and discharging phases of the battery pack, the block 

architecture being proposed in Fig. 1. A microcontroller acquires the voltages and currents of the PV panel and the 

battery pack and controls a synchronous Buck converter using the Perturb and Observe (PO) algorithm, which leads to 

the maximization of the extracted power from the PV panel [1], [2], [3]. The classical PO algorithm is modified to assure 

standard charging for the LiFePO4 cells: constant current (CC) charging until the voltage is bigger than 3.60 V (95% 

state-of-charge), then constant voltage (CV) charging at 3.60 V until the current decreases significantly. Other main 

features of the system include: display of the key parameters onto an LCD (voltage, current and power  for PV panel and 

battery), transmission of the monitored parameters over the CAN interface, reverse current protection (current flow from 

battery towards panel), over-charge protection, battery over-discharge and short-circuit protection. Also, the software for 

microcontroller is parameterized to use other types of battery chemistry: Lead-Acid, Li-Ion, GEL, etc. 
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In case of using LiFePO4 battery packs, which are more susceptible to voltages unbalancing of cells than Lead-Acid 

batteries, the MPPT solar charge controller must be used in conjunction with dedicated Battery Management Systems 

(BMS), assuring the balancing or equalization of constituent cells voltages, which were previously developed in [4], [5]. 

 

     

           Fig.1. MPPT solar charge controller architecture.                   Fig.2. The developed MPPT solar charge controller during testing. 

 
Results 

The implemented MPPT solar charge controller is shown in the center of Fig. 2 during the testing phase. The PV panel is 

placed in the sunlight. To measure and compare the performances of the proposed MPPT controller  with those of a 

commercial PWM controller, we consider a 12 V / 45 Ah Lead-

Acid battery because the available PWM controller is designed only 

for this type of battery. The measured results from Table 1 shows 

that the proposed MPPT solar charge controller performs its task 

successfully, the overall efficiency being 93.54 %. In the same 

lighting conditions, replacing the PWM controller with the proposed 

MPPT controller, the power extracted from the panel increases from 

49 W up to 59 W, which is a power boost of up to 20%. 

 

The extended paper will include detailed design of electronic schematics and the printed circuit board, the simulation 

results of the DC-DC Buck converter, the description of microcontroller code implemented for the MPPT algorithm and 

for CAN transmission, and different signal waveforms visualized on the oscilloscope. The performance measurements 

will be described in terms of power extraction and power efficiency for different conditions of illumination, different 

positions of PV panel, different initial battery state-of-charge, different chemistries and capacities of batteries, as well as 

detailed comparisons against a commercial PWM solar charge controller.  
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           Table 1. MPPT vs PWM performances. 

 MPPT controller PWM controller 

Panel voltage 16.24 V 15.33 V 

Panel current   3.65 A   3.20 A 

Battery voltage 14.59 V 14.57 V 

Battery current   3.80 A   3.30 A 

Panel power 59.27 W 49.06 W 

Charged power 55.44 W 48.08 W 

 

OMN100-118 (2)



CROSS-DOCKING LOCATIONAL-ALLOCATIONAL ANALYSIS 

USING GENETIC ALGORITHMS 
 

Vlad-Augustin Vulcu1, Simona Dinu1, 

 
1 Constanta Maritime University, Faculty of Navigation and Naval Transport, 104 Mircea cel 

Batran Street, 900663 Constanta, Romania 

 

Keywords: cross-docking, genetic algorithm (GA), fuzzy logic controller (FLC), cross-docking 

distribution system 

 

Summary 

 Cross-docking is one of the most important challenge in logistics practices. This paper, 

addresses the cross-docking problem, modeled as a “Fixed Cost Single Source Capacitated Facility 

Location Allocation Problem”. 

 For this purpose, this article proposes a meta-heuristic proposes a metaheuristic approach 

based on a GA, which incorporates a fuzzy logic controller in order to dynamically adjust the 

crossover operator. 

 First, the quality of acquired solutions (in terms of standard deviation and the ratio of the 

best solution obtained) and the computing time of the proposed algorithm were determined using 

data sets taken from the facility location literature.  

 Next, the algorithm was tested some sets of randomly generated problem instances, with 

different structures. The results obtained from these case studies demonstrate that the algorithm 

performs very well. 

 An important aspect is that the applicability of the proposed algorithm for other locational 

models in the distribution networks of large retailers does not imply significant changes. 

The designed algorithm also represents a basis for the development of other particular 

applications in the context of methodological and scientific evolutions in logistics practice. 

 

Motivation 

 In order to have goods or freight moved to from suppliers to large or small retailers, some 

shipping companies rely mostly on warehouses, while others use cross-docking platforms and 

terminals. Being dynamical in nature, the latter allows for the usage of less storage space than the 

former, which is thus ideal when dealing with the shipping of nonperishable goods required in 

constant amounts and also of fruits and vegetables. Vasiljevic, Stepanovic and Manojlovic
1 show the 

benefits obtained by using the cross-docking platforms in the food industry. 

In short, the cross-docking technique consists of the following steps:  

i) by using trucks or other means, the goods are transported from the suppliers to cross-

docking platforms and terminals; 

ii) upon arrival, the goods are unloaded in the cross-docking terminal and sorted with 

respect to their destination; 
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iii) once the sorting is done, the freight is loaded into other trucks and are sent to the 

retailers. 

Accordingly, both the time and shipping costs required to move the goods decrease 

significantly.  

The cross-docking problem has the following components: 

i) the operational sub-problem, i.e. the careful planning of each route and schedule for each 

of the vehicles in the fleet; this is the issue most often faced by the shipping companies. For 

example, Ahmadizar, Zeynivand and Arkat2 solve a two-way routing problem using a GA. 

ii) the strategic sub-problem, which refers to determining the best location sites available 

for building the cross-docking terminals; For example, O. Kittithreerapronchai3 presents a design 

of a cross-docking network, consisting of a single hub. 

Due to its complexity, the cross-docking problem is NP-hard and thus most solutions found 

in the literature do not use classical optimization strategies. Furthermore, Meysam and Behnam4, 

alse take into account the uncertainties and come up a GA to solve their problem. 

 

Results 

This paper addresses a scientific method based on evolutionary optimization to minimize 

the logistics costs (both fixed and operating costs) required in a complex distribution network, 

involving suppliers, cross-docking centers and final customers. 

Based on the computational tests, our first conclusion is that the proposed fuzzy GA 

converges faster in the early stages of the optimization process, compared to a standard GA. This 

means that it is better adapted to discover the optima, even for high dimensional problems.  

Another conclusion that emerges from the scenario analysis presented in this study 

indicates that the proposed algorithm is quite general and could be used for other difficult to solve 

logistics distribution problems.  

As a direction for future analysis, we intend to extend the current approach by modeling it 

in a dynamic context, faced with uncertainties, encountered in real world cross-docking operations.  
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Summary:  
Recently, studies are concentrated on improving the liquid crystals (LCs) electro-optical characteristics by nanoparticles 
(NPs) doping [1,2]. The main idea is that the resulted composite medium will combine some benefic characteristics of 
the LCs and NPs. Polymer Dispersed Liquid Crystal (PDLC) films are composite materials consisting of LC droplets 
embedded in polymers [3]. In order to decrease the switching voltage of these devices, we studied PDLC films doped 
with carbon nanotubes (CNTs) [4,5]. The mesomorphic properties of the films were investigated by polarizing optical 
microscopy (POM), differential scanning calorimetry (DSC). The electrical characteristics have been investigated using a 
Broadband Dielectric Spectrometer [6]. Some aspects of an optical model for the analysis of the coherent transmittance 
of PDLC - NP films are presented [7-10]. 
 
Motivation 
In the case of LC-polymer composites, the polymer concentration may vary from a few percentages (Polymer network 
stabilized liquid crystals) up to 80% in the case of PDLCs [3]. In PDLCs the dimensions of the LC droplets confined in 
the polymer very from hundreds of nanometers till, a few microns (typically), but tens of microns can also be observed. 
For LCs with positive dielectric anisotropy, 0 , when the device is in the field “OFF” state, the LC molecules are 
randomly oriented and the PDLC film scatters light. When applying an electric field, the LC dipoles orient in the 
direction of the electric field, thus changing the refractive index of the LC droplet, which becomes equal (ideally) to that 
of the polymer, and the film turns transparent.  
One of the disadvantages for operating PDLC is the high electric voltages needed. To lower these values, changes in the 
conductivity of the PDLC’s components by adding small amounts of nanoparticles (NPs) are studied. The main idea is 
that the resulted composite medium will combine some benefic characteristics of the LCs and NPs. 
 
Results 
In this work, we present PDLC films obtained using the nematic E7 (mixture of alkylcynobiphenyls with a cyano head 
group) and Polymethyl Methacrylate (PMMA), in concentrations of 30-60% (b.w.). Carbon Nanotubes (CNT) doped 
films in concentrations of 0.002-0.005% have also been prepared [1]. 

Structural properties have been investigated by POM and well defined droplets with micrometric dimensions have 
been observed.  The phase transition temperatures were studied by differential scanning calorimetry (DSC) and (POM). 
Broadband Dielectric Spectroscopy measurements were performed in a wide frequency range in the temperature domain 
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(280-350)K. The characteristic time is obtained by fitting the dielectric loss spectra with the Havriliak-Negami functions and 
the activation energy is determined from the Vogel-Fulcher-Tammann diagram. The doped samples have higher electric 
conductivities and tangent loss. The activation energies have a slight increase, due to the fact that the anchoring of CNT on 
LC terminal groups results in slowing their motion.  

Some aspects of an optical model for the analysis of the coherent transmittance of PDLC - NP films are presented. 
The model [7-10] allows one to analyze the electro-optical response of films depending on their thickness, the refractive 
indices of the LC and polymer matrix, size and concentration of the LC droplets, concentration of NPs, conductivities of the 
LC and the polymer.  
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Summary:  
Working in difficult environments involves a number of restrictions concerning the design and the operation of a device. 

A possible set of requirements that must be considered when such a device is in the concept stage: the absence of non-

properly insulated physical buttons, the absence of sockets and metal contacts, the existence of a case that completely 

isolates the inside of the device from the external environment.  

 

Motivation 
The theme of this paper was chosen to contribute to the development of equipment that must comply with certain safety 

requirements. This paper details the concept of a portable lighting device for environments with potentially flammable 

atmosphere. 

 

Results 
We obtained a lighting device with a maximum luminous flux of approximately 1264 lumens, the equivalent of an 

incandescent bulb of 90-100W, having an operation autonomy of about 6 hours if used at maximum luminous intensity. 

The schematic diagram of the LED driver is presented in Figure 1. 

 

 
 

Fig. 1. Schematic diagram of the LED driver 

 
The LED driving current at 33% duty cycle, measured with a current probe is presented in Figure 2. 
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Fig. 2. The LED driving current at 33% duty cycle 

 

The PCB module populated with electronic components is presented in Figure 3. 

 

 
 

Fig. 3. PCB module populated with electronic components 

 
The thermal regime of the module in operation (top view) is presented in Figure 4. 

 

 
 

Fig. 4. Thermal regime of the module in operation 
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Summary:  
Single Shot MultiBox Detector is a single shot detector (uses a single shot) for multiple categories, which is faster than 

the latest generation such as YOLO (You only look once) and significantly more accurate, in fact just as accurate. As 

well as the slower techniques, which make explicit region proposals and collection (including faster R-CNN). SSD 

predicts category scores and box offsets for a fixed set of default bounding boxes, using small convolutional filters 

applied on feature maps.  

 
Figure 1. Architecture of a convolutional neural network with a SSD detector [1] 

 

Recent researches in object detection are driven by the success of convolutional neural networks (CNN). They are able to 

learn rich features outperforming hand-crafted features. To obtain high detection accuracy, we produce predictions of 

different scales from feature maps of different scales, and explicit predictions based on the aspect ratio. These design 

features lead to simple end-to-end training and high accuracy, even on low resolution input images, further improving 

speed and accuracy with precision [2]. 
Motivation 
The SSD only needs an input image and truth boxes for each object during training. Convolutely, we evaluate a small set 

of boxes implicit by different aspect ratios at each location, in several feature maps with different [3]. For each implicit 

box, we preach both shape offsets and confidences for all object categories. During training, for the first time these 

default boxes match the truth boxes. 

                                                   

1
 Alba Iulia, Gabriel Bethlen, no. 5, Romania, loredana_boca1@yahoo.com 

5. Modeling, design, and simulation 

OMN100-123 (1)



The SSD approach is based on a convolutional feed-forward network that produces a fixed size collection of bounding 

boxes and scores for the presence of object class instances in those boxes, followed by a non-maximal suppression step to 

produce the final detections. 

 
Results 
The early network layers are based on a standard architecture used to classify high quality images (truncated before any 

classification layers), which we will call the base network. We then add ancillary structure to the network to produce 

detections with the following key features: Multi-step feature maps for detection. It will be adding layers of 

convolutional features to the end of the truncated base network.  

These layers gradually decrease in size and allow predictions of multi-scale detections. The convolutional model for 

predicting detections is different for each YOLO feature layer operating on a single-scale feature map. The output values 

of the bounding box are measured against an implicit value. We use the VGG-16 network as a basis, but other networks 

should produce good results. 

 
References 
[1] Wei Liu, Dragomir Anguelov, Dumitru Erhan, Christian Szegedy, Scott Reed, Cheng-Yang Fu: “SSD: Single Shot 

MultiBox Detector”, 2016; arXiv:1512.02325. 

[2] Sushma Shrestha, Sanjeeb Panday, Deepesh Lekhak,”A Novel Approach to Traffic Sign Localization and 

Recognition Based on Single Shot Multibox Detector”, Proceedings of IOE Graduate Conference, 2017, Volume: 5 

ISSN: 2350-8914 (Online) 

[3] Jianing Zhang; Sicong Jiang; Yunzhou Zhang; Xiaobo Liu; Dongdong Wang; Feng Qiu ”Long-term tracking 

algorithm using deep features and a single shot multibox detector” J. of Electronic Imaging, SPIE Digital Library, 27(5), 

053019 (2018). 

 

 

 

OMN100-123 (2)



Ionic liquid crystals based on bis-imidazolium salts: dielectric 

behaviour and X-ray diffraction studies
1
 

 
Paul C. Ganea

1)
, Viorel Cîrcu

 2)
, Amalia Pană

2)
,  Doina Manaila-Maximean

3)
, Monica Iliş

2)
, 

Marin Micutz
2)

, Maria Balasoiu
4,5)

, Viktor Bodnarchuk
4)

 
1) 

National Institute of Materials Physics, P.O. Box MG-7, Magurele, 077125, Romania 
2) 

Department of Inorganic Chemistry, University of Bucharest, 23 Dumbrava Rosie st, 

Bucharest 020464, Romania 
3)

University Politehnica of Bucharest, Department of Physics, Spl. Independentei 313, 

Bucharest, R-060042, Romania 
4)

 Joint Institute for Nuclear Research, Dubna, Russia 
5)

Horia Hulubei Institute of Physics and Nuclear Engineering, Bucharest, Romania 
 

Keywords: liquid crystals, dielectric spectroscopy, ionic liquid crystals, imidazolium salts. 
 

Summary:  
In this work, a new bis-imidazolium bromide salt with dendritic structure was synthesized and its structure was 

confirmed by several spectroscopic techniques: 1H, 13C –NMR spectroscopy, IR spectroscopy and elemental analysis.  

The mesomorphic properties were investigated by polarizing optical microscopy (POM), differential scanning 

calorimetry (DSC) while its thermal stability was estimated by thermal analysis (TG). The bis-imidazolium salt shows a 

liquid crystalline phase stable in the 20 – 80oC temperature range. Structural investigations of the mesophase using Small 

Angle X-Rays scattering are presented. 

 
Motivation 
In recent years, the studies on ionic liquid crystals (ILCs) have undergone a special revival due to their properties as ionic 

liquids (ILs) and liquid crystals (LCs) at the same time.[1-4] Their applications as membranes, battery materials, 

electrochemical sensors, or electroluminescent switch are in high demand. The flexibly or rigidly linked bis-imidazolium 

salts, can show interesting surfactant and liquid crystalline properties, superior thermal stability making them useful for 

many applications, ranging from organic electronics, catalysis to biological or biochemical applications. The dielectric 

spectroscopy is an important tool for investigating the relaxation processes resulted from the rotational fluctuations of the 

molecular dipoles and yield significant details on the dielectric behaviour of liquid crystals required for their use in 

electro-optical devices. Moreover, the relaxation dipolar processes can be identified and correlated with the phase 

transitions detected by DSC and POM. 

 
Results 
The preparation of the new bis-imidazolium salt with bromide counterion is based on the synthetic methods reported in 

literature. The bromide salt was prepared starting from 1,1’-(1,10-decanediyl) bisimidazole, as described in our previous 

reports (Figure 1) [5-7]. The DSC and POM techniques evidenced a liquid crystalline phase which is stable in the 20 – 

80oC temperature range. The nature of this mesophase was confirmed by temperature-variable Small Angle X-rays 

scattering. The Dielectric Spectroscopy (DS) measurements were performed using a Broadband Dielectric Spectrometer. 

The dielectric spectra were recorded in a wide frequency range, 10-1 – 107 Hz, in the 280 – 380 K temperature domain. 

The activation energy is determined from the Vogel-Fulcher-Tammann diagram and the characteristic time is obtained by 

fitting the dielectric loss spectra with the Havriliak-Negami functions. The DS data show an evident phase transition for 

                                                   

1 9. Organic optoelectronic materials and devices 
Corresponding author: doina.manaila@physics.pub.ro, viorel.circu@chimie.unibuc.ro 

OMN100-124 (1)



the bis-imidazolium salt when the phase transition temperatures obtained from the DSC are correlated to the ones found 

in the DS measurements. 

 

 
Fig. 1. The molecular structure of the bromide bis-imidazolium salt. 
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Summary:  
Novel lanthanidomesogens based on lanthanide nitrates carrying three 4-pyridone ligands having two alkoxy chains at 

the periphery were synthesized and their structure was assigned based on IR spectroscopy and elemental analysis. Their 

thermal stability was evaluated by TG analysis confirming that the decomposition starts at very high temperatures around 

300oC. The liquid crystalline properties were investigated by using a combination of techniques: polarized optical 

microscopy (POM) and differential scanning calorimetry (DSC) and, for selected compounds, by variable-temperature 

powder X-ray diffraction. These new liquid crystals display a hexagonal columnar phase (Colh) between 63oC and 242oC, 

depending on the length of the alkyl chain. Dielectric spectroscopy on a wide frequency range was used to evaluate the 

dipolar relaxation processes. The emission properties of a mixture of E7 doped with a selected europium complex filled 

in a planar cell were investigated on changing the applied voltage, ranging from 0V up to 15V. 

 
Motivation 
Liquid crystals (LC) based on f-block metals (lanthanidomesogens) have  particular electronic, magnetic and optical 

properties raising the interest to design and investigate such materials in the recent years.[1] Moreover, 

lanthanidomesogens represent a very appealing class of light-emitting liquid crystals having characteristic photophysical 

properties which can be exploited in the construction of emissive LC based devices: narrow emission lines with high 

purity colors, tuning of the emission color,[2,3]  or polarized emission [4,5] in the liquid crystalline phase. The new class of 

lanthanidomesogens based on 4-pyridone based ligands was developed by us and this concept allowed to finely tune the 

liquid crystalline properties, ranging from calamitic to discotic materials.[6-8] 

 
Results 
Photoluminescence (PL) spectra for all samples were recorded at room temperature in different aggregation states: solid 

state, in liquid crystalline state or dichloromethane solutions. The new complexes show high characteristic emission both 

at room temperature in solid state and at higher temperature in the LC phase. For example, the photoluminescense spectra 

of Eu(III) complexes have typical sharp peaks in the 530-720 nm range assigned to the 5D0 → 7FJ (J = 0 ÷ 4) transitions 

of the Eu(III) ion. For the polarized emission studies, we chose an europium(III) compound with 4-pyridone ligand with 

14 carbon atoms, which was used as dopant for E7 mixture. The ratio E7:Eu was 97:3. This mixture was filled in a cell 

with planar alignment with 9 μm thickness.  

In the first step, we studied the variation of the intensity of the emission with the applied voltage from 0V to 10V, in 1V 

steps (Figure 1a). The most significant effect was observed between 5 and 6V, were the change in alignment from planar 

to homeotropic was evidenced. In order to see the threshold voltage we investigate this domain with smaller steps 

(0.35V) in voltages (Figure 1b). Also, the changes in the alignment were observed through the polarized optical 
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microscopy for two different regions (Figure 1). Polarized ratio was calculated based on the intensity of the emission of 

the 5D0→
7F2 transition, measured on two different orientations (planar and homeotropic). 

 

 

 
 

(b) 
 

(a) 

 

Figure 1. Emission spectra for the LC cell filled with E7 doped with an Eu(III) complex on changing the applied voltage 

from 0 to 11V, in 0.35V steps (a) and the corresponding POM pictures at different voltages, ranging from 0V up to 15V 

(b). 
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Summary:  
In recent years, worldwide, emphasis has been placed on the analysis of metaphors, but also on the importance, their role 

and purpose in translating from one language into another but also in learning a new language.  

Regarding business English language, it has been studied and analyzed over the years and it is still studied worldwide, 

given that English is an international language.  

On the other hand, the metaphors of the Romanian business language were less analyzed [1].  

 
Motivation 
A research project was developed at ”1 Decembrie 1918” University of Alba Iulia, Romania and the team studied two 

corpora (in English and Romanian) consisting of articles that appeared in business newspapers from Romania and United 

Kingdom. 

The analysis and annotation of metaphors from the contemporary language used in the business area for conceptual 

mapping of business metaphors by cognitive categories was one of the main objectives of this project. Creation of a 

computer system application with an extraction tool for electronic retrieval of metaphors from the two corpora was 

another important main objective [2]. 

 
Results 
Part of the application is a web site accessible on the Internet by anyone who wants to study the metaphors in the 

business area in English and Romanian.  

The web site is in the development phase and allows the presentation of information, the presentation of metaphors 

annotated and analyzed. At the same time, the facilities offered are evaluated and the interface and functionalities are 

tested. A set of special exercises are available on the website, exercises aimed at fixing or evaluating the acquired 

knowledge regarding the lexical, conceptual and cultural metaphors of the language used in the business area in 

Romanian and English.  

The purpose of this paper is to present the website, its architecture, interface and main functionalities 
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Summary:  
Improving corrosion resistance represents a highly interesting topic in the maritime field, having 
important economic consequences as reducing the maintenance costs or increasing the life 
expectancy of the final products as well as significant environmental impact. In accordance with to 
new IMO (International Maritime Organization) regulations, different new clean technologies have 
been proposed for solving this particular issue, among them being also considered the technology 
based on plasma discharges, generally produced at reduced pressure. The proposed study concerns 
the opportunity of atmospheric plasma treatment for naval steel preparation or conditioning. Five 
different treatments, with three types of plasma working under different gases, have been used. Their 
effects were evaluated based on surface modification analysis. These analyses concern the roughness 
of the samples and the surface hydrophobicity at 2 different moments of time. There were used three 
types of reactors producing non-thermal plasma: GlidArc, Gliding Spark and Minitorch.  
 
Motivation 
Non-thermal electrical discharges occur at low temperature plasma environment and are highly 
effective for microbiological treatment, [1]. This is due to produced chemically active species, [2]. 
Among the primary species there are ions of O+, N+, N2*, NO, OH, N2

+ and the secondary species 
are HxOy; NOx; HOONO NOx

-
; NO+.  Some of them have very high oxidation potential and could 

impair the cell membrane. The choice of GlidArc treatment for naval metallic surfaces is due to the 
largest number of active species, [3].    
 

 

Results 

The water contact angle was different depending on each plasma treatment, as could be observed in 
Figure 1. 
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Figure 1 : Photos of measurements for water contact angles 
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Summary   
We have recently investigated the behavior of some fabrics functionalized with semiconductor oxide nanoparticles 

against the degradation of methylene blue. The dye was chosen as a well known molecule leading to a test reaction (see 

e.g. [1,2] and the long list of reference cited herein). However, less information is known for other dyes, such as for 

rhodamine 6G (R6G). This investigation topic and way were applied on wool matter - (R6G) solution systems and the 

results are presented here. The optical images of the wet spot of R6G on fabrics were taken immediately after the dye 

was applied, after the fabric was dried and then, after the system was illuminated by UV-vis light as function of the time. 

The obtained final spots speak about the dye photodegradation in the studied cases.  

 
Motivation 
The studied plain wool fabrics were commercially purchased from the market. They differ by the chemical nature of the 

yarns, by the size of the 2D texture elements and by the applied pretreatment. The Merino matter was cut into pieces of 

ca. 1.5 x 1.5 cm; each piece was cleaned with isopropyl alcohol and afterward dried at room temperature [3]. Deposition 

of R6G drops was performed either simply with a pipette or with the set up described previously [4], in detail.  

The samples were routinely characterized both in the original form and in the form deposited with R6G as well to 

consider the structure, the surface morphology and their changes due to deposition. Several techniques were applied: 

optical microscopy to look for the roughness/texture elements, the wetting spot on the surface as form and homogeneity, 

direct visualization to assess the mesh size, XRD for the phase identification, XPS for the elemental composition of the 

surface, SEM, TGA and FTIR-ATR. We have obtained optical images of the wet spot during the radial wicking, 

collected with an usual camera. Then the images were processed: In the case of simple drop sitting, the images were 

visually compared. On the other hand, in the case of using the set-up, the images were processed with routines giving the 
area of the wet spot as function of time, namely the wicking kinetics and possibly, the wetting mechanism.  

 
Results 
The work presents all the structural data, for the original samples and also for the samples modified by plasma treatments 

or by deposition of nanoparticles of semiconductor oxides. In addition, the wetting properties were described by the 

contact angle of a water droplet. The interaction of the dye molecules with the textile surface is put in evidence.  Both 

sides of the wool textile matter were considered for measurements. 

The behavior of the R6B molecules deposited from solution is analized and compared with the data obtained for the 

behavior of the textile systems containing methylene blue.  

As concerning the photodegradation properties, these were pursued by lighting with an usual UV-vis lamp, in the 

integral illumination. 

These preliminary data are mostly qualitative. More studies are necessary to allow a comparison basis with the  behavior 

of methylene blue systems already found [1]. 

                                                
* Corresponding author: lfrunza@infim.ro .  

OMN100-128 (1)



 2 

 

Acknowledgement  
This work was funded by Executive Agency for Higher Education, Research, Development and Innovation Funding 

(Project 21 N/08.02.2019 under PN19-03 Core Program). In addition, all the authors are thankful and appreciate the 

valuable contribution of Stefan Frunza, recently deceased.  
 

References 

                                                
[1] Frunza L., Diamandescu L., Zgura I., Frunza S., Ganea C.P., Negrila C.C., Enculescu M., Birzu M., ”Photocatalytic 

activity of wool fabrics deposited at low temperature with ZnO or TiO2 nanoparticles: Methylene blue degradation as a 

test reaction”, Catalysis Today 306, 251-259 (2018).  

[2] Zgura I., Frunza S., Frunza L., Enculescu M., Florica C., Ganea C.P., Negrila C.C., Diamandescu L., ”Titanium 
dioxide layer deposited at low temperature upon polyester fabrics”, J. Optoelectr. Adv. Mater. 17, 1055-1063 (2015) 

[3] Frunza L., Preda N., Matei E., Frunza S., Ganea C.P., Vlaicu A.M., Diamandescu L., Dorogan A., “Synthetic fabrics 

coated with zinc oxide nanoparticles by electroless deposition: Structural characterization and wetting properties”, J. 

Polym. Sci. Part B: Polym. Phys. 51, 1237-1247 (2013). 

[4] Cotorobai, V.F., Zgură, I., Bîrzu, M., Frunză, S., Frunză, L., “Wicking behavior of fabrics described by simultaneous 

acquiring the images of the wet region and monitoring the liquid weight”, Colloids and Surfaces A Physicochemical and 

Engineering Aspects 497, 146–153 (2016). 

OMN100-128 (2)



corresponding author: Cosmin Danisor, 149 Tomis Avenue, Constanta, Romania, 900652 

cosmin.danisor@upb.ro     cosmin.danisor@yahoo.com  

Preferred section: 6 - Optics-inspired approaches for non-optical applications: systems, devices, and signal processing 

Benefit of SqueeSAR filtering in Topography Reconstructions: an 

example over the Bucharest area with TerraSAR-X 
Cosmin Dănișor 1), Antonio Pauciullo 2), Gianfranco Fornaro 2) 

1) Department of Applied Electronics and Information Engineering, UPB, Romania 
2) Institute for Electromagnetic Sensing of the Environment, CNR, Naples, Italy 

 

Keywords: SAR Interferometry, SAR Tomography, SqueeSAR, statistical homogeneity, quasi-Newton optimization 
 

Summary:  

Advanced Synthetic Aperture Radar (SAR) processing techniques have gradually become a powerful tool for earth observation. The 

ubiquitous problem of noise filtering represents also a challenge in the SAR signal processing field. In case of the analysis of land 

regions, the identification of a general algorithm, suitable for the large-scale processing, represents an additional challenge, due to the 

diversity of the areas’ characteristics. More specifically, two main classes of scattering mechanisms can be defined: Persistent 

Scatterers (PS), coherent, point-wise targets, and Distributed Scatterers (DS), mechanisms with moderate coherence, whose 

contribution spreads across multiple pixels of the images. Due to their different characteristics, the joint processing of PS and DS was 

difficult to address, until the development of the SqueeSAR algorithm. This method, based on the joint processing of statistical 

homogeneous pixels, was successfully implemented in the field of SAR Interferometry, which exploits solely the phase of the focused 

acquisitions. The objective of this work is to evaluate the applicability of the SqueeSAR principle in the frame of SAR Tomography, a 

multi-temporal SAR processing technique which also has the ability to separate interfering scattering mechanisms.  

 
Motivation 

Synthetic Aperture Radar systems [1] emit a train of coherent pulses towards the illuminated scene and store the reflected echoes, 

which are then focused to form a 2D image of scene’s reflectivity. A particular characteristic of SAR systems is given by the fact that 

they employ coherent processing, preserving both the amplitude and phase of the echoes. 

SAR Interferometry (InSAR) [2] analyzes the phase difference between at least two focused acquisitions, being able to position the 

targets into 3D space. Differential interferometry (D-InSAR) [2] can observe the targets displacements, being a useful tool for 

evaluation of natural disaster’s effects. Advanced Differential Interferometric techniques conduct the phase regression analysis of 

multi-temporal SAR images datasets, being useful for long-term monitoring of the areas. Though interferometric techniques powerful 

tools which revolutionized the remote sensing field, their main limitation is that, by exploiting solely the phase of the SAR 

acquisitions, the presence of multiple targets within a pixel of the images cannot be accounted. In urban areas, such scenarios occur in 

the case of scattering mechanisms with vertical development, like buildings. 

SAR Tomography [3] overcomes those limitations by exploiting both amplitude and phase of multi-temporal datasets of acquisitions, 

extending the focusing process in additional dimensions to the 2D plane of the SAR images. This permits the separation of the 

individual contributions of the interfering scatterers, leading to a precise estimation of their elevation, deformation velocity and 

thermal dilation rates. A popular class for focusing the reflectivity profiles of the scenes is represented by the non-parametric filters – 

Beam-Forming and Capon [4]. 

In case of land areas, Persistent Scatterers (PS) are point-wise targets, exhibiting high coherence and phase stability, presenting a stable 

response over the observation interval. Those scatterers correspond to structures whose characteristics remain stable in time, like 

buildings or cliffs. Contrarily, Distributes Scatterers (DS) exhibit larger spatial coverage, their contribution spreading along multiple 

neighboring pixels. They are present in moderate coherence areas, like cultivated fields or deserts. Normally, the two classes of 

scattering mechanisms require different processing techniques, adapted to their different particularities. Several processing techniques, 

like Persistent Scatterers Interferometry (PS-InSAR) [5] or SAR Tomography, employ the detection and individual analysis of PS, 

exploiting the reliable information they can offer due to the absence of decorrelation. On the other hand, the joint processing of pixels 

corresponding to DS areas mitigate the noise effects, increasing the coherence levels and leading to the possibility of a reliable analysis 

of the afferent regions. This large-scale spatial averaging process is not suitable for the point-wise PS, since it would alter their 

particular features. 

SqueeSAR algorithm [6] introduced a common processing approach for both PS and DS, identifying in the local area of each pixel the 

set of points sharing the same statistical behavior. A phase triangulation algorithm, based on the maximum likelihood estimate of the 

phase values, is applied on each set of statistical homogeneous pixels (SHP). This implies the analysis of the multi-variate circular 

Gaussian distribution of the SHP vectors, the estimation of the optimal phase values being equivaled with a non-linear maximization 

problem. This phase triangulation algorithm has been successfully applied in the frame of PS-InSAR method. The objective of this 

work is to evaluate the possibility of exploiting the SqueeSAR approach in the frame of SAR Tomography. 

 

OMN100-129 (1)



Results 

The analysis is conducted on a dataset of 32 high-resolution SAR images of the National Arena region, Bucharest, acquired by 

TerraSAR-X satellite. The iterative estimation required by the SqueeSAR algorithm was implemented using the quasi-Newton 

approach [7]. The SqueeSAR phase filtering was implemented using 3x3 averaging windows. A modified data stack was generated by 

combining the amplitude with the filtered phase. This data was used to perform the 3D tomographic reconstruction, by Beam-Forming 

algorithm [4]. The below figure presents a visual comparison of the effects of SqueeSAR filtering on the interferometric phase and on 

the estimated elevation map: 

  

  

Figure 1 – Up: Initial (left) and triangulated (right) interferometric phases. Down: Elevation map of dominant scatterers, single-look 

Beam-Forming estimation using the initial (left) and triangulated (right) phase 

The SqueeSAR triangulations has a noise reduction effect on both the interferometric phase and the estimated elevation map. The 

noise attenuation given by the SqueeSAR filtering on the interferometric phase has already been exploited before, in the context of PS-

InSAR method [6]. However, this experiment demonstrates that SqueeSAR approach can have a positive impact also on the estimation 

of scene’s topographic profiles. 

For future work, both the SqueeSAR triangulation and the non-parametric filtering algorithms for elevation estimation (Beam-Forming 

or Capon) will be implemented in the context of adaptive multi-looking, a process which also implies the identification of SHP. The 

effects of SqueeSAR method will also be evaluated from the perspective of stable targets identification, using the M-sup-GLRT 

detector [8]. 
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Summary:  
This paper proposes a solution for classification of electronics laboratory equipment with emphasis on the benchtop 

equipment, sensors and sensor-boards (signal-conditioning boards for sensors) 

   

Primary objectives are: 

• A transfer-learning (TL) trained neural network 

• An annotated image dataset 

• Accuracy results 

 

Optional objectives are: 

• Convert the trained neural network to a lite format 

• Modify the TFLite Android App to use the above lite neural network 

 

            
Figure 1a + 1b: Testing the TL trained network with one image (just for a quick sanity-check, left) + the test image (right) 

 

 

               
Figure 2a + 2b: A screen capture of the  (renamed) dataset pictures for benchtop DMM (left) and oscilloscope (right) 
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Figure 3a (left): The TensorfFlow Lite, demo Android app (to be modified as secondary objective) 

Figure 3b (right): Console output while training on the currently available dataset 

 

Motivation 
Cross-check for online stores, between text-description and image. 

Read-aloud of an image, for blind people. 

 

 

Results 
 

Current status:  

 

CS1) We have built a dataset composed of: 

• 241 images of benchtop digital multimeter 

• 384 images of handheld digital multimeter 

• 113 images of benchtop digital oscilloscopes 

 

CS2) We have performed transfer learning with an Inception v3 architecture model, and retrained it on the 

aforementioned dataset.  

 

CS3) We have tested the network on 2 test images and they were classified correctly with 72% and 89% confidence.  

 

Future development:  

 FD1: Expand the dataset to 1000 images for the following categories: 

• Digital oscilloscope 

• Benchtop power-supply 

• Benchtop signal-generator 

• Benchtop multimeter 

• Handheld multimeter 
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FD2: Expand the dataset to ??? images for the following categories 

• Sensors: pH, humidity, GNSS 

• Devboards: Raspberry PI V1, V2, V3, V4, Pynq Z1, Pynq-Z2, Altera DE1, Altera DE1-SoC 

 

FD3: Modify the TF Lite Android App to use the trained network (if time allows) 
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Summary:  
This paper proposes a study of underwater noise in Siutghiol lake in Constanta county, Romania. This study is useful for 

the signal to noise ratio maximization for better underwater targets detection. Studying the properties of the underwater 

noise we want to conclude about noise stationery, in large or even in the restraint sense. It is very useful to study the 

aspect of the stochastic parameters – mean value, standard deviation and correlation coefficients. The relative invariance 

of those parameters denotes a kind of noise stationarity in restraint sense. If the density probability function of the 

underwater noise is time invariant this one can be considered a wide sense stationarity one.    

 

The noise characterization is useful to optimize the underwater targets detection by SONAR systems, using classic 

matched filters or time-frequency matched filters. . Using this quadratic (time-frequency) matched filter we obtained a 

signal to noise ratio visible better than the signal to noise ratio in the time domain. 

 

Motivation 
The noise characterization is useful to optimize the underwater targets detection by SONAR systems, using classic 

matched filters or time-frequency matched filters. Using this quadratic (time-frequency) matched filter we obtained a 

signal to noise ratio visible better than the signal to noise ratio in the time domain. 

 

Results 
Underwater noise was acquired using piezoelectric microphone, Korg CM-200, and Focusrite Scarlett 2i2 MK2. For 

noise recording and we used the open-source Audacity v2 program, which has optimized functions for acquiring audio 

data. The data acquisition was done on the Linux and the actual processing of the resulting records was done on a 

separate computing system. The data recorded with audacity was then processed in MATLAB, studying the underwater 

proper noise, and the engine noise of the boat. The underwater environment has been studied in a calm day with low-

intensity wind and waves with the height of only a few centimeters. 

The measurements of noise were made in two different conditions: 

- First condition consists in noise acquiring in absence of boat engine noise 

- Second condition consists of total noise acquiring: the proper underwater noise and the engine noise. 

   
FIGURE 1- UNDERWATER NOISE 

  

 
FIGURE 2- UNDERWATER NOISE SPECTRUM 
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FIGURE 3 – NOISE HISTOGRAM 

Graphical aspect of the recorded noise is presented in Figure 1 and its spectrum in Figure 2. Figure 3 presents the 

histogram of the underwater noise. 

Based on the data acquired and the noise processing we can conclude that the environmental noise that can affect the 

targets detection performance is a stationary one in restraint sense at least.  
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Summary:  
For the naval field there are two major problems related to the existence of microorganisms: the 
deposition of Biofouling and the treatment of ballast water. The first problem is strictly related to 
corrosion with an important economic impact on maintenance costs. In accordance with to new IMO 
(International Maritime Organization) regulations, different new clean technologies have been 
proposed for solving this particular issue, among them being also considered the technology based 
on plasma discharge produced at low pressure.  
The proposed study concerns the opportunity of atmospheric plasma treatment for naval steel 
preparation or conditioning. Five different treatments, with three types of plasma working under 
different gases, have been used. Their effects were evaluated based on microbiological analysis. 
These analyses concern the biological contamination of each sample by bacteria control at 2 
different moments of time. For this purpose, the Gram-negative bacteria Escherichia coli has been 
used, because it is one of the most important microbial indicators according to Ballast Water 
Performance Standard D2 (http://www.imo.org).  
 

Motivation 
Non-thermal electrical discharges occur at low temperature plasma environment and are highly 
effective for microbiological treatment, [1]. This is due to produced chemically active species, [2]. 
Among the primary species there are ions of O+, N+, N2*, NO, OH, N2

+ and the secondary species 
are HxOy; NOx; HOONO NOx

-
; NO+.  Some of them have very high oxidation potential and could 

impair the cell membrane. The choice of GlidArc treatment for naval metallic surfaces is due to the 
largest number of active species, [3].    
 

Results 
The deposition of the biofilm on steel samples is different depending on each applied plasma 
treatment as cold be observed on Figure 1. 
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Figure 1 : Biological contamination of the 5 samples and control by bacteria, after 24 hours (1) - 48 
hours (2):  O- control; A- GlidArc with dry air; B- Gliding Spark; C- GlidArc with humid air; D- 

GlidArc with CO2; E- Mini-torch plasma 
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Summary:  
This paper proposes a solution for massively test programs (hex-files) based on the PIC10F family of MCUs from 

Microchip. A performance comparison will be made against the Microchip’s MPLAB Simulator. 

   

Primary objectives are: 

• Simulate 1-core of PIC10F family 

• Accelerate simulation of N-cores of PIC10F as a Multiple Instruction Multiple Data (MIMD) machine 

• Benchmark the accelerated simulator against the Microchip’s MPLAB simulator (without using I/Os which one 

may argue that workstation’s video subsystem might pollute the test) 

 

Optional objectives are: 

• Develop a suite of corner-case tests for the compute core, both as source code (.c, .asm) and as compiled code (in 

Intel HEX file format) 

 

Figure 1. A hex-file is decoded and printed into the console for code inspection 

 

Motivation 
Testing of multiple programs running on the same core architecture is of use when a new microcontroller architecture 

is developed. However, this is performed sequentially even if the microcontroller to be developed is of very small compute 

power, making the testbench setup time dominate test runtime. 

 

Results 
 

Current status:  

 

CS1) We have built a PIC10F core simulator composed of: 

• Intel HEX-file parser 

• Opcode decoder and interpreter 

• N-core MIMD data representation (program memory, registers) 

• Testbench of 20 hex-files produced either by the assembler or the compiler 

 

CS2) We have tested all our programs and for the moment all are pass hinting at a correct functional implementation. 
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Future development: 

• sort programs based on their similarity, and run the similar ones grouped 

• Optimize the simulator using a parallel framework (OpenMP or OpenCL) 

• Performance measurements against the MPLAB simulator 
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Summary:  
This paper aims to analyze the functionality of different types of power supplies producing laboratory controlled 

electrical discharges using pulse power supplies for DBD discharge. The analysis includes measured electrical 

parameters and simulated electrical parameters using PROTEUS ISIS software. Also in this paper DBD types of plasma 

discharges will be simulated with two different power supplies in order to approximate functionality . 

Laboratory electrical discharges that produce non-thermal plasma are used more and more for microbiological 

decontamination, surface treatment and depollution by the means of decomposing some complex molecules or in the 

field of modern medicine. Each application requires a power supply particularly adapted to the plasma reactor type used. 

If the first applications of these discharges were designed mostly for reactor types with high volume discharge 

capabilities, and the power supplies were simple and robust generating high power using industrial frequencies, in time 

the reactors decreased significantly in size and the power supplies used were working on higher frequencies. This trend 

was adopted on one hand out of the need for energy optimization of the power supplies used, and on the other hand for 

obtaining a better homogeneity of the treatment. This paper aims to provide a comparison for pulsed power supplies 

working at different frequencies, with respect to the electrical parameters, from the point of view of power supplies 

themselves for DBD discharges.  

In order to optimize the non-thermal plasma treatment for different applications, the parameters of the electric discharges 

producing the plasma must be considered. Consequently, it is necessary to carry out a simulation starting from an 

equivalent electric schematic with parameters as close as possible to those of the discharge. This discharge is produced in 

non-thermal plasma DBD reactors.  

The analysis is done on simulated electrical parameters using PROTEUS ISIS software in order to assess the parameters 

in functionality of the power supplies. 

 

Motivation 
Due to the exploration of non-thermal plasma treatments in different areas, this technology is used more and more 

because of its advantages that include low costs, high efficiency and ease of use. 

 
Results 
In the figure bellow there is a power supply section built around the TL494 circuit. It provides variable frequency from 

38kHz to 150 kHz and variable pulse modulation. 

 

 
Figure 1 Command schematics of the power supply built with TL494 

 

In the figure bellow there is a power supply section built around the TL494 circuit. It provides variable frequency from 

20kHz to 90 kH. 
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Figure 2 Command schematics of the power supply built with UC2525 
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Summary:  
An internal combustion engine is an energy converter which is producing mechanical energy for various purposes. All 

the common types of internal combustion engines have a crankshaft whose role is to convert the alternate motion inside 

the cylinders into a rotational motion. The crankshaft is a mechanical part having a complex shape and loaded by a 

complex system of forces, whose structural failure must be avoided at any cost. A basic principle in science is to 

breakdown the complexity of a problem by considering several equivalent problems of lower complexity. Other research 

strategy is to employ simplifying hypotheses, or assumptions in the models’ concept development. In this way, for a 

crankshaft we divide the calculus domain in several subdomains, i.e. in a set of crankshaft throws which are separately 

considered. The paper presents a mathematical model of the internal forces and moments in a crankshaft throw, being 

very easy to replicate the computing methods for the other crankshaft throws. Our solution is based on the vector-based 

method of computation of the moment vector. Being an analytical method it avoids the issues of the numerical 

approaches, such as stability, lack of accuracy and others. The implementation of the mathematical solution was done in 

C++ and the application has more than 800 computer code lines. The computer based model of a crankshaft throw may 

be used for various types of models, starting from the educational models, up to design or research models. The original 

software application was tested for various case studies and it is now a reliable scientific analysis instrument. The paper 

also presents future research directions, such as the influence of the variable loads, the deflected shape of the crankshaft 

throw and the computer based visualization of the results.   

 

Motivation 
The high importance of a reliable crankshaft in running conditions is presented in several textbooks, [1], [2], and in [3] is 

presented a general solution for an opposite arrangement of the cylinders. i.e. a ‘boxer’ ICE. The calculus of the loads 

applied on the cylinder block of an ICE uses the calculus methodology presented in [3], the results being experimentally 

validated, [4]. The loads are also applicable for the crankshaft, being important to have an overview regarding the 

general state of loads of the crankshaft. This may be accomplished by developing a study dedicated to the crankshaft, a 

particular and important aspect being the calculus of a crankshaft throw.  

Computer based models are important, regardless their basic nature, theoretical (analytical or numerical) or 

experimental. The resulting computer based instruments may be further on used in models of a higher complexity. In this 

way, it was paramount to conceive a model of a crankshaft throw which may be used at a later stage in other research 

projects. A particular concern regards the materials fatigue aspects which may use the results of the strength problem 

regarding the crankshaft throw, [5], [6]. 

 

Results 
The ideas presented in the ‘Methodology’ section are used to conceive a coherent mathematical solution of the 

crankshaft strength problem useful for various reasons: 

1. Because the mathematical solution is general, it may be applied for other classes of problems, i.e. structures having 

other geometric configuration; 

2. The implementation of the mathematical solution was an appropriate opportunity to extend the library of header 

files, this means that the future software applications will be implemented with less effort; 

3. The resulting software instrument is the basic module of a larger application which will continue the actual study;  
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4. The analysis of the software to be developed offered the opportunity to explore new computing and visualization 

solutions, which are extending the ones presented in [7]. 

 

 
 

Figure 1 – Screenshot of the application used to solve the strength problem of a crankshaft throw in static conditions. 

 

The study presented in the paper continues a long run research trend of the authors regarding the extensive use of the 

modern computer based methods and of the actual algorithms in order to conceive solutions of complex problems which 

couldn’t be solved so far.    
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Summary:  
In this paper we analyze all the possibilities of using the Compact-RIO embedded system to control flexible real-time 

processes in industrial environment. 

The proposed implementation for: the issues of control, the testing procedures, the measurements and the final analysis, 

was realized with a MyRio 1900 module (Fig. 1) and a robot arm with 6 servomotors (actuators). 

 

Motivation 
The implementation of the computing architectures, data acquisition and processing systems and VLSI integrated circuits 

on a single compact board, has an upward trend in the industry due to the advantages that these FPGA circuits have over 

micro-controllers or ASIC. 

Compact RIO is a device designed in order to monitor and control scalable industrial processes (for example, it is 

suitable for building SCADA systems – Supervisory Control and Data Acquisition systems). This is an embedded type of 

system which contains an FPGA, a processor with a real-time operating system (RTOS) and various input-output 

modules which must be attached by the user. In the applications developed with this platform, there are often used HMIs 

(Human Machine Interfaces) in order to create a GUI (graphical user interface). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Overview of the used FPGA based control system 

 

 

Results 
The configuring of the MyRio 1900 module and the development of the program, which was later uploaded to the MyRio 

device, was done in the graphical programming IDE LabVIEW (fig.2 and 3). 

In order to be able to program the FPGA device with the LabVIEW IDE, a Xilinx-made compiler was needed; more 

specifically the Vivado compiler version 2015.4 was used. 

 

 

OMN100-142 (1)



 

 

 

 

 

Fig.2. FPGA programming of PWM signal 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. Sample of FPGA parameters configuration 
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Summary:  
This paper aims to investigate graph-related telecommunication problems from a conceptual modelling point of view, 

based on the argument that a wide range of efficient algorithms for these computational problems can be framed within 

three design paradigms, namely Divide and Conquer, Backtracking and Greedy approach. First of all, such an abstract 

design technique represents a general problem-solving template that can be used for a broad range of problems in a large 

variety of applications domains, whose resolution will thus materialize in specific instances of that procedure; the 

procedure shall be further implemented in any programming language. Secondly, it is important because it guides the 

researchers in the field and facilitates the development of new and useful algorithms for other graph-structured 

computational problems.  

 
Motivation 
Real-world complex networks such as transportation networks, social networks, telecommunication and computer 

networks have evolved over time regarding their structural dimension and complexity, speed and degree of 

heterogeneity. Such networks are adequately represented as graphical networks and consequently they are modeled using 

the graph theory. Modern graph theory involves various algorithms that have a significant role in the design and 

implementation of modern networks. Basically, when a difficult graph-related problem must be solved, a practical 

approach would be its decomposition into simpler sub-problems, which can be more easily instrumented. Considering 

that for a particular sub-problem there are several approaches to solve it, one must identify the most appropriate 

algorithmic technique to use. Adopting best algorithm design approach is among the most important questions in 

computer science. Choosing the appropriate algorithm leads indirectly to the optimization of the mathematical model for 

solving the problem, also performing a correlation between the stages of formalization, solving and interpretation of the 

obtained results. 

From a conceptual modelling point of view, based on structural similitudes between problems, the analysis and 

formalization of different algorithmic approaches led to a widely accepted taxonomy that includes some fundamental 

design paradigms: Divide and Conquer, Backtracking, Greedy, Brute force, Dynamic programming, Branch and Bound 

and their improved versions.  

Within communication networks, the Divide and Conquer strategy follows a graph partitioning technique that simplifies 

the design of a large-scale communication network with many communication tasks, responsible for processing 

considerable volumes of information. This is done by splitting the network into small-scale structures, consisting of 

several subtasks disposed in a hierarchical mode (each of which supporting a certain communication feature), as 

determined by their dependencies to each other1. This issue is of practical interest in studies addressing integrated circuit 

design, blocking the proliferation of cascading breakdowns in critical network infrastructures, vulnerability analysis of 

networks, real-time routing information, etc. 

N-queens problem and graph coloring problem represent the classical examples for Backtracking strategy, both of them 

implementing the basic search Backtracking algorithm. 

Replacing the chessboard with other board topologies, the N-queens problem has several applications in 

telecommunications, such as: 

- load balancing in a network of workstations/multi-cluster architecture2: distributing the total volume of work that each 

processor must accomplish in a balanced mode; it has an immediate influence on the speedup and behavior of the 

network. 

- satellite communication3: optimizing the transmission of information (in form of beams) from satellites orbiting around 

the earth, with no data loss due to interference. 

- image processing in visual telecommunications4, with a directional representation for pixels and the N-queen 

chessboard adapted to represent the spatial information in the vertical, horizontal and diagonal directions. 

Graph coloring algorithms are widely used for solving various problems in telecommunications: 
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- the channel assignment problem5: where an weighted graph represent the cellular network topology and interferences 

must be considered while assigning channels to the cells. 

- identifying conflicting and non-conflicting communication requests in a dynamically partitionable bus network6: where 

the communication requests are represented as a graph, vertices indicating communication requests and edges denoting 

the conflicts among communication requests. 

- the cell tower placement problem7: choosing the locations and configurations of broadcast towers for maximum 

coverage in a cellular network, given that each cell tower broadcast channel is associated to a color and in the spots 

where channel overlap occurs, allocation of a different channel must be ensured. 

Greedy based heuristics are widely used as network design tools, since a significant number of telecommunication 

networks designs start from a basic existing network and improve the current solution incrementally, by greedily adding 

a new element to the current network. Below are some examples that summarize the broad applicability of the greedy 

strategy in telecommunications: 

- the online frequency allocation problem for cellular networks8, which assigns the minimal available frequency to a new 

call so that the call does not interfere with calls of the same cell or neighboring cells. 

- the hub location problem in a telecommunication network with access and traffic nodes9: given a set of access nodes 

and a set of potential locations for the transit nodes, one must determine the number and the placements of the transit 

nodes so that all the access nodes are allocated to a transit node, while satisfying capacity constraints; the objective is to 

minimize the total cost of the network (which is the sum of connection costs and nodes fixed costs). 

 

Results 
This study outlines a general framework that summarizes the distinctive features of three important design paradigms 

and promotes a better knowledge and user experience in applying them in graph-related telecommunication problems. As 

far as is known, this work will be the first to address this methodological perspective, further exemplified by specific 

applications. 

 

References 
[1] Wyglinski, A.M., Nekovee, M., Hou, T., “Cognitive Radio Communications and Networks: Principles and Practice”, 

Elsevier, (2010).  

[2] De Giusti, L., De Giusti, A., Naiouf, M., Chichizola, F., “Dynamic load balancing in parallel processing on non-

homogeneous clusters”, Journal of Computer Science and Technology, Vol. 5(4), 272–278 (2005). 

[3] Jha, R., Das, D., Dash, A., Jayaraman, S., Behera, B. K. & Panigrahi, P.K., “A Novel Quantum N-Queens Solver 

Algorithm and its Simulation and Application to Satellite Communication Using IBM Quantum Experience”, arXiv 

preprint arXiv:1806.10221 (2018). 

[4] Yang, S.W., Wang, C.N., Liu, C.M., Chiang, T., “Fast Motion Estimation Using N-Queen Pixel Decimation”, 

Advances in Multimedia Information Processing, Lecture Notes in Computer Science, Vol 2195, Springer, (2001). 

[5] Janssen, J., Kilakos, K., “Tile covers, closed tours and the radio spectrum”, in “Telecommunications Network 

Planning”, Kluwer Academic Publishers, (2001). 

[6] Woo, T.K.., Su, S.Y, Newman-Wolfe, R., “Resource Allocation in a Dynamically Partitionable Bus Network Using a 

Graph Coloring Algorithm”, IEEE Transactions On Communications, Vol. 39(12), 1794-1801 (1991). 

[7] Arundhathi, K.R.., Megha, M., “Study on graph theory and application in network security”, International Journal of 

Contemporary Research in Computer Science and Technology, Vol. 4(2), 27-28 (2018). 

[8] Chan, J., Chin, F., Ye, D., Zhang, Y., Zhu, H. “Greedy online frequency allocation in cellular networks”, Information 

Processing Letters, Vol. 102(2), 55-61 (2007). 

[9] Carello, G., Della Croce, F., Ghirardi, M., Tadei, R., “Solving the Hub Location Problem in Telecommunication 

Network Design: A Local Search Approach”, Networks, Vol. 44(2), 94–105 (2004). 

 

 

 

                                                      

Simona Dinu, sedinu@yahoo.com, Constanta Maritime University, Faculty of Navigation and Naval Transport, 104 Mircea cel 

Batran Street, 900663,Constanta, Romania 

5. Modeling, design, and simulation 

OMN100-143 (2)



Modelling and simulation of datalogging embedded module with solar

panel supply and NiMH battery energy storage

Andrei Drumea 1), Cristina Marghescu 1), Mihaela Pantazică 1)

1) Department of Electronics Technology and Reliability, University “Politehnica” of Bucharest, Romania 1

 
Keywords: energy harvesting, NiMH battery, modelling and simulation. 

Summary 

The paper focuses on modelling and simulation of energy consumption of an of an autonomous embedded

system with a solar cell as energy source and NiMH battery as energy storage during night. Key aspects in the design and

implementation of the proposed system are presented. Simple models for energy consumption/generation for solar cell,

NiMH battery charging and discharging, microcontroller and its peripherals are elaborated, tested and coupled together

for complete system simulations that allow system configuration and optimization.

Motivation 
Energy  harvesting  represents  an  important  option  for  supplying  modern  Internet  of  Things  devices,  from

portable and wearable devices to wireless sensors networks. Usually, a large part of the harvested electric energy must be

stored for later use (to store the surplus energy during noon hours and to offer it during night time, thus ensuring over the

clock normal operation) so rechargeable batteries or supercapacitors play an important role in the energy harvesting

system and their performance has a great impact on system performance. Analyzing the parameters of these storage

devices is the motivation of the presented work – design, modelling and simulation of an embedded datalogger with

photovoltaic supply and large energy storage capabilities. The same module can trace the I-V curve for a solar cell in

order to find its maximum power transfer point. 

The module[1] is based on a high performance microcontroller with integrated communication capabilities that

handles the power management for all  other peripherals (sensors,  display or communication devices) and stores the

measured data in a flash memory that can be read over USB interface. Its structure is presented in figure 1 left and a

supercapacitor- based implementation is shown in figure 1 right. 

Fig. 1. Structure of a microcontroller-based datalogger module with solar panel supply and energy storage (a) and its implementation

with 10Farad supercapacitor as energy storage (b).

Unfortunately, supercapacitors have limited energy storage capabilities so they discharge very fast during the

night if load (the entire system) requires currents larger than a couple of milliamperes. A NiMH battery can be a possible

solution  in  this  case,  but  it  requires different  charging  circuit  that  must  implement  constant-current  charging.  This

solution is analyzed in presented paper,  from theoretical point of view (circuit modelling and simulation) as well as

practical implementation.
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Results
Standard  datalogging  modules  with  remote  access  capabilities[2] can  be  easily  implemented  with  modern

microcontrollers; upgrading them with solar panel supply requires special power management chip[1]. Spice simulation of

these solutions is simple if energy storage is a supercapacitor, but extra components are required to simulate NiMH

batteries and their charging process. Because NiMH batteries need constant-current charging, a constant-current source[3]

able to sink currents is required; the battery discharging process involves a simple resistive load.

Proposed solution for modelling and simulation of charging and discharging of NiMH batteries is shown in

figure 2, left. The left side of the circuit implements a voltage controllable constant current source that sinks currents up

to 400mA. This source can be voltage-controlled by a microcontroller or other embedded system. V3 voltage source

models a NiMH rechargeable 2-cell battery pack that is charged in constant-current mode at a desired value according to

voltage source V2 that models the output from controlling system. V1 voltage source and R6 model the solar energy

source (solar panel + power management chip).  A single-supply operational amplifier with input and output voltage

range extending to ground is required in this application. NiMH battery discharging and switching from charging to

supplying mode is modeled with 4 voltage controlled switches and R7 load resistance. When battery is in charging mode,

S3 and S4 switches are off and S1 and S2 switches are on; they connect the battery to constant current circuit. When S3

and S4 switches are on, S1 and S2 are off and battery supplies the R7 load. The entire circuit is simulated in figure 2,

right graph – charging with green line, at controllable constant current in 0...400mA range, depending on V2 voltage, and

discharging with blue line, at constant current, given by R7 resistance. All switches are controlled using V4 voltage

source.

Fig. 2. The structure of a voltage-controlled charging and discharging of a NiMH battery (a) and its spice simulation (b). 

The  final  paper  presents  detailed  hardware  (measurements)  and  software  aspects  of  the  design  and

implementation of the datalogging module as well as its testing on different configurations of loads, storage devices and

solar panels. A complete Spice modelling and simulation of the circuit will also be presented as well as simulations of

energy budget  for  the complete  system during one or  more days.  This simulations will  take into  consideration the

available electric energy from a solar cell during an entire day based on simplified models for solar radiation. A second

model using arbitrary behavioral sources from LTSpice IV simulation environment will be presented and analyzed.

Conclusions

Modern microcontrollers and sensors simplify the design of dataloggers for parameter monitoring and have low

power  consumption.  Photovoltaic  panels  can  supply  such  low  power  embedded  systems  but  storage  devices  like

rechargeable  batteries  or  supercapacitors  are  required  for  night  time,  when  photovoltaic  panels  supply  no  energy.

Modelling and simulation tools are required for correct tuning of the system in order to have continuous (day and night)

operation.  
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Summary 

LED displays are in everyday use due to their inherent advantages compared to LCD panels - they are cheaper

to manufacture in large sizes and offer good visibility during day and night. The complexity of their logic controller and

row/column driver increases with pixel number. The standard implementation for monochrome LED displays, based on

logic controller and row and column drivers, becomes too complex when coloured RGB LEDs are used. Fortunately, a

new generation of LED devices integrates a serial communication module and controller in the same package with the

RGB LEDs, simplifying their control and access.

The paper presents some aspects of designing, implementation and testing of an LED display matrix based on

RGB light emitting diodes with integrated control circuit and serial communication based on data transfer protocol using

NZR (non return to zero) line code.

Motivation 
LED matrix displays are a common presence in everyday life – they can be found in trains, buses, tramways,

office information tables or outdoor media. The structure of a typical LED matrix display is presented in figure 1. A large

number of LEDs are connected together in rows and columns, each line with its own driver; this structure has the

advantage of reducing the number of drivers, but makes the control of LEDs more complex. Usually, line multiplexing is

used to simplify the hardware implementation, this means only one row of LEDs is activated at a time and then the

following rows one by one in an endless loop. If this display frequency is high enough (over 20Hz), the human eye sees

all rows as lighted like a steady image. A logic controller commands all row and column drivers in such a manner that the

desired image is displayed on the LED matrix; this image is stored in controller memory and can be remotely changed

using the communication module connected to the controller. 

The authors implemented this structure[1] of a LED matrix display as a two boards solution, as shown in figure 1,

right picture. First board contains 8x48 LEDs in 1206 SMD packages and their column and line drivers and the second

board is the logic controller. These boards are coupled through 2x20 pins connectors. NMOS transistors in low-side

switch configuration are used as line drivers and column drivers are PMOS transistors in high-side switch configuration.

The LED board can be controlled by any logic board with 8+48 digital I/O lines[2]. 

Fig. 1. The structure of a standard LED display matrix (a) and a microcontroller-based implementation (b). 
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Presented solution performed well, but has 2 major limitations – it displays a single colour and it requires a

logic controller with a large number of I/O lines. A new solution that overcomes these limitations is proposed.

Results
The new solution is based on new LED devices that integrate in the same package three red, green and blue

LEDs and their  controller  with  serial  communication interface.  These  optoelectronic  devices  have a  more  complex

structure but this allows a simpler structure of the LED matrix, without column and row drivers and with less required I/

O pins from logic controller, because serial data lines of LEDs are cascaded, as shown in figure 2. Because LEDs are

individually controlled with a 24 bit serial word, the matrix is able to display colour images, not only monochrome ones. 

Fig. 2. Block diagram of the colour LED matrix display

The final paper presents the detailed aspects of design and implementation of a LED matrix display with 8 lines

and 40 columns of RGB LEDs with serial data interface and its logic controller. Four embedded system implementations

for the logic controller will be implemented and presented: three based on microcontrollers, with relevant 8,16 and 32 bit

microcontrollers,  and  one  FPGA  (Field  Programmable  Gate  Array)  implementation.  All  four  solutions  will  be

implemented as a two-board device – one large board with LED matrix and switched mode power supply, and one small

board  with  the  logic  controller.  These  solutions  will  be  analysed  according  to  different  criteria  like  scalability,

implementation effort (hardware and software), power consumption and costs. 

Conclusions

 LED Matrix displays based on RGB LEDs with serial data interface offer two significant advantages compared

with standard single-colour LED matrix displays - multiple colours and a much simpler and cheaper implementation of

their logic controller. The sinking price of these multicolour LED devices allows larger matrices with fine resolution at a

reasonable cost. 
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Summary:
 2

 

Nowadays, wireless communications are the main core of IT infrastructure. Due to its security issues and absence of 

security mechanisms, users are delaying the fast expansion of technology[1]. The confidentiality of data is frequently 

limited by access policies for resources provided by Internet vendors, but no one can certify that only authorized entities 

have access to them. This paper provides a pattern for important security issues encountered in wireless communications: 

privacy, confidentiality and availability. In order to prevent unauthorized access to the network, the data must be secured 

using solid encryption protocols. The novelty is given by the created pattern that presents a foray into the security of 

information passed through the network, an optimization of the implementation of security policies to ensure the 

protection of confidential data using security protocols. Commutative encryption is used for Key Management. 

Motivation 

The evolution of wireless communications technologies in recent years must make us recognize the importance of 

securing the systems used as well as the need to constantly invest in equipment that can withstand attacks on network 

infrastructures[2]. The security policies used in this paper refers to settings, documents, access control and working 

methods that define rules absolutely necessary to ensure integrity of the wireless network. In my past work, I managed to 

minimize the risk of conducting attacks on the security system using strong integrated security policies (end-user 

policies, technical policies, remote-access policy and governing policies). I personally believe that privacy measures 

defined by a solid policy management, will guarantee risk reduction to an acceptable level of normality.  

Results 

In my study I managed to present the main vulnerabilities in wireless communications, starting from the most common 

factors (the human factor, lack of policy management etc.) and reaching the establishe of an encryption method (shown 

in Figure 1) for the media stream transmitted in a wireless network. I used a practical networking platform, using low 

resources due to the architecture of the platform. The connection between the router and the switch is made through a 

Copper Straight-Throught connection and the computer stations have been configured on Dynamic Host Configuration 

Protocol (DHCP). Every aspect of the wireless network (devices, software, protocols) is analyzed from the security point 

of view. Poor security settings of one entity can affect the security of the entire network. Auditing networks, identifying 

security breaches and then implementing risk reduction solution is the best approach.  I consider that security is a general 

aspect of large-scale communications systems, in any field of applicability. It must be based on perceived risks and 

dangers, their analysis being an essential part of a network development. 
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Figure 1. Configuration of the network 
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Procedures to keep the voice of “intelligent objects” alive 
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ABSTRACT: The automation of processes, respectively the digitization of objects have become more and more 

dominating in our lives, both inside and outside of our homes. All these represent attempts to simplify, monitor and 

easily use the devices connected to a main automation system in each house.  

The concept of "smart home" is highly known and advertised, but it is very rarely used in my country, Romania. 

Most of the people, from there, are unfamiliar with "smart objects", due to the extremely rare attempt to use them, 

including also the costs of acquisition and maintenance and why not, probably the lack of interest in seeing how 

important and beneficial they could become to their household. At the same time, today, the technological progress 

has speed of continuous development, especially in the area of wireless communications – including mobile devices, 

Internet and sensors. Using this type of technology and devices at a day-by-day increasing speed of the Internet, it is 

almost difficult to avoid the future that is invading today's lives. 

This article, among other aspects, has the purpose to show how ordinary objects "gain voice“, so they are acquiring 

the characteristic of being "intelligent". Therefore, through interaction, maintenance and monitoring of these objects 

it can give a quality of experience for the user safer, more reliable and it will be improved also their interaction with 

humans. 

 

KEYWORDS: automation, smart home, sensors, wireless communication networks, internet of things, security, 

genetic algorithms 

I. INTRODUCTION 

Day by day, more and more "objects" become an integral part of human life, through the way in which each 

of them can adopt the capability of detecting the needs of a specific user and they have the ability to interact or 

communicate with him.  

It is well known that with the development of more and more objects, people have become addicted to 

purchasing them. Hence, the awareness of the fact that we have become a "consumer" society and it is expected that 

the number of objects will be exceeded the number of users already. The need to process a large volume of data has 

led to an evolution of digital technologies and the emergence of modern mechanisms, such as Internet of Things, 5G 

technology, cloud computing services, data analysis and processing including artificial intelligence, and the list can 

continue… 

The “Internet of Things” is a concept with a tendency of rapid ascent present both at the macro level, that of 

cities or means of transport, and at the micro level, that consists of homes and households. At the same time, every 

day, it represents a concept with a potential impact of intelligent objects not only on the way users' lives are 

organized, but also on the way they work with them. It is actually a concept of interconnecting objects with or 

without the Internet as an intermediate point, and objects can be very diverse: from cellular terminals, washing 

machines, televisions, espresso machines, lighting devices to a variety of sensors that can be placed anywhere - all 

interconnected forming a new way of interacting and communicating between themselves or between them and 

humans. 

Objects have the capability to adapt to the process of taking decisions using combinations of programmed 

data. They also have the intelligence and power to do almost everything on their own (that means without human 

intervention) - all of which are the result of research in the field of transforming current objects into "smart" objects. 
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In essence, the technology “Internet of Things” combines a wide range of technologies, such as sensors, the 

Internet, cloud computing, and many other wireless communications infrastructures. 

If a more in-depth analysis of the concept of "Internet of Things" is made, it is being found that it was 

predicted several decades ago, like for example: in the mid-1920s, in one of the most valuable interviews of that 

time, Nikolai Tesla launched the idea that when communications networks will have a well-defined applicability 

worldwide, they will be driven by a single huge “brain”. This idea means that all objects will resemble with groups 

of particles in constant motion. Therefore, a user will have immediate control over this "brain“ that most probably 

will be deposited in one of the pockets of an essential outfit. In addition, another example, it could be in the '50s, the 

famous British logician and cryptanalyst Alain Turing invented the first pre-computer (the ENIGMA machine) 

which, through encryption and decryption codes managed to define its “smart” features. Thus, today, this kind of 

technology it is found in various fields of applicability, such as transport, energy industry, as well as the medical or 

agricultural environment. 

All these technologies are not only seen from the perspective of technological progress, but have the leading 

role of orienting towards changing the way different related products and services are designed, produced and 

marketed, as well as the way in which benefits are obtained from them. 

In order to make the most of these digital opportunities as soon as possible, the European Union has 

launched an ambitious strategy. This consists of creating a single digital market. This will ensure Europe's long-term 

competitiveness, which will have implications for overall well-being and ensure faster economic growth in the 

digital economy sector. 

For a better understanding of this concept in the interaction of intelligent devices with humans, at the 

current stage of development, the three levels of communication between them will be summarized below, as it is 

represented in the picture that follows below: 

 

Fig.1.1 – The actual technology of IoT - summary display of the three levels of interaction and the user 

 

The concept of "Internet of Things" has received its standardization both academically and industrially. In 

this article, we will follow its development by interconnecting, integrating and monitoring the behavior of various 

"smart" objects to an existing Internet or optical network. Like any wireless communication network, also “Internet 

of Things” it is exposed to various types of cyber-attacks. The devices and sensors that make it up are much more 

vulnerable to these attacks, due to their permanent Internet connectivity. At the same time, the more one of these 

type of "objects" is used, the more interest presents for the attacker. That is why the analysis of the behavior of an 

intelligent object, in this case, has two sharp edges: on the one hand, we can prevent its failure in time, and on the 

other hand, it is considered an essential part in attacking the entire system of which makes part. 
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Summary:  
In this paper we propose a distance averaging method in order to obtain the test antenna radiation from the total field 

generated by the antenna-feeder set by reducing the effect the effect of the common mode currents. 

 
Motivation 
It is well known that common mode currents on the asymmetrical feeding line can strongly influence the symmetrical 

antenna radiation measurements. In the literature most studies on common currents have been performed for PCB [1]. 

However, there have been researchers who have dealt with the issue of common mode currents on antenna feeders; 

calculations have been made to estimate the common mode current radiation [2], the principle of common mode 

suppression has been applied [3], even the replacement of the coaxial cable with optical fiber has been tested for 

eliminating the large distortion associated with the unwanted radiation from the cable [4].  

In a previous work [5] we proposed a method to reduce the effect of common mode currents for measuring the field 

radiated by symmetrical antennas. Our approach is based on the distance averaging technique, originally developed for 

antenna gain measurements in non-anechoic sites [6]. 

When measuring the radiation of a symmetrical antenna such as a linear dipole the field measured over a direction 

orthogonal to the antenna symmetry axis on the feeder side has a different magnitude compared to the feeder free side. 

The difference results from the radiation originating from the common mode currents on the feeder. 

 In this paper we propose to adapt our approach to directive antennas e.g. lop-periodic dipole arrays (LPDAs). By 

choosing this type of antenna it was necessary to take into account the asymmetry and resonance phenomena of LPDAs 

[7].The method was successfully validated through measurements. 

 
Results 

We consider a system of two antennas; as an antenna under test we took a log-periodic dipole array designed for the 

frequency range 0.9÷3GHz fed through a coaxial line and a square loop antenna as a probe that will measure the 

magnetic field caused by the common mode current distribution. The square loop side length was 2cm. 

Measurements will be performed by successively placing the coaxial cable on both sides of the feed point. We 

designate by ’’cable side’’ the case where the coaxial cable has the same orientation with the direction of maximum 

radiation (Fig. 1a). For the ’’cable side’’ case the loop will measure the fields radiated by the log-periodic antenna and 

the cable. 
By placing the coaxial cable in an opposite direction the loop antenna will only measure the magnetic field 

generated by the log-periodic antenna. We designate that as an ’’antenna side’’ position (Fig. 1b). 
The effect of the common mode current on the coaxial line can be assessed by subtracting the field measured at the 

same distance with the field placed on the cable side and on the antenna side, respectively. 

Such measurements are performed at several distances between the antenna under test and the probe, in order to 

apply the distance averaging approach. 

Figure 2 shows the magnetic field measured on the cable side, with and without correction of the common mode 

current effect, and the magnetic field on the antenna side. 
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Fig.1 Magnetic fields components through the loop probe for cable side (a) and antenna side (b) 

 

 

 
Fig. 2 Magnetic field measured for antenna site and for cable side, with and without correction (distance 60cm) 
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Summary:  
Surface acoustic wave (SAW) sensors with multilayer and porous sensitive films have been developed by pulsed laser 

deposition (PLD) method for hydrogen detection. For the multilayer films, oxides like WO3, ZnO and TiO2 were used for 

multilayer films, each of them in combination with Pd. The PLD deposition parameters were varied in order to obtain the 

optimal morphology for SAW applications. It has been observed that with the increase of the deposition pressure in PLD 

installation, the films have a higher degree of porosity, but this also depends on the type of the material used. In addition 

to porosity, the dissociation of hydrogen molecules produced by Pd lead to its penetration into the volume of the films, 

thus increasing the sensitivity of the sensors. The following sensitivities were obtained for the SAW sensors with 

multilayer films: 0.13 Hz/ppm (Pd/WO3), 0.51 Hz/ppm (Pd/ZnO) and 0.1 Hz/ppm (Pd/TiO2).  

 
Motivation 
 

Hydrogen detection is an important and developing topic due its potential to replace fossil fuels for sustainable 

transportation [1]. Because it is flammable in concentrations between 4-75% and with the increase of the temperature, the 

risk of explosion is higher [2]. For this reason, it is very important to develop sensors capable of detecting at the lowest 

possible concentrations, in real time and at room temperature. PLD method has numerous advantages for thin film 

deposition because of the high deposition rate, wide choice of materials, control of the stoichiometry, etc. [3]. This 

technique has been used so far in SAW sensors, with remarkable results [4-6]. The SAW sensor uses a surface acoustic 

wave that crosses the sensor with a certain frequency. When this wave is perturbed by a mass accumulation or by an 

acusto-electric effect, a frequency deviation occurs, which becomes the sensor signal [7]. The most used sensitive films 

in SAW sensors were made of semiconductor metal oxides, metals and composites [8]. WO3, ZnO and TiO2 are one of 

the most widely used oxides in hydrogen detection [9]. Pd has the ability to dissociate hydrogen molecules, which makes 

it much easier to penetrate the sensitive film, improving the sensitivity and the response time [9]. Considering that porous 

films can be obtained by the PLD method, the development of sensitive films of SAW sensors becomes a challenge to 

obtain the best results at room temperature. 

Results 
 

Multilayered depositions, Pd/WO3, Pd/ZnO and Pd/TiO2 were made on the SAW quartz substrates, in different 

experimental conditions of PLD. Depending on the deposition pressure and of the type of material, different porous 

morphologies were obtained, as it can be seen in Figure 1. The SAW sensors that were developed were tested at different 

hydrogen concentrations at room temperature, and the results of their sensitivities and limits of detection (LOD) are 

given in Tabel 1. The best result was obtained by Pd/ZnO sensor, with a sensitivity of 0.51 Hz/ppm and a LOD of 59 

ppm. This result is also justified by the increased sensitivity of ZnO to hydrogen [5].  
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Figure 1. SEM images of porous oxide films obtained by PLD. 

 

Table 1. Sensitivity and LOD of the multilayer SAW sensors. 

 

Coating Material Sensitivity  

(H/ppm) 

LOD  

(ppm) 

Pd/WO3 0.13 4540 

Pd/ZnO 0.51 59 

Pd/TiO2 0.1 1210 
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