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Abstract: ab İnitio calculations have been performed to study the structural, electronic, elastic, mechanical, thermodynamical and
phonon properties of LuS and LuTe with the generalized gradient approximation for exchange and correlation. The calculated lattice
constants, bulk modulus, its pressure derivative and elastic constants are calculated. The calculated values of lattice constant are in good
agreement with the experimental and theoretical results. The elastic constants have been derived from the slopes of the acouistic branches in
the phonon dispersion-curves. The electronic band structure and, total and partial density of states of these compounds have been computed
and analysed. The phonon dispersions curves of LuSe and LuTe for B2 phase are computed using density functional perturbation theory
(DFPT) with generalized gradient (GGA) approximations. We also used the quasiharmonic approximation to calculate some thermodynamic
properties such as constant-volume specific heat capacity of the B2 phase of LuS and LuTe compounds.
Keywords: DENSITY FUNCTIONAL THEORY, ELECTRONIC STRUCTURE, VIBRATIONAL PROPERTIES
orthorhombic strain e = (δ, δ, (1+δ)−2-1, 0, 0, 0), respectively [9].
Hence, B was obtained from

1. Introduction
Lu atom is the heavy and last member of lanthanide series, with
completely filled f shall, it is important to observe its electronic and
elastic properties in the intermetallic form with the other transition
metal elements. At ambient condition, LuS, LuSe and LuTe
compounds crystallized in B1 structure with space group symmetry
Fm3m (225). These compounds are expected to undergo pressureinduced first order phase transition to B2 structure with space group
symmetry Pm3 m (221). The crystal structure and the
superconducting behaviour in the NaCl-phase in LuX compounds
have been studied experimentally [1]. Seddik et. al. [2] studied
structural phase transformation and mechanical properties of NaCl
type (B1) structure in Lutetium chalcogenides (LuX: X=S, Se, Te)
by means of the full-potential augmented plane wave plus local
orbitals (FP-APW+lo) method. These authors have predicted B1-B2
sturctural phase transition in the pressure range from 12 to 52 GPa,
and also reported the calculated values of elastic properties for these
LuS, LuSe and LeTe compounds. The cohesive energies, pressurevolume relationship, phase transition pressure and elastic constants
for lutetium chalcogenides (LuX, X: S, Se, Te) have been
investigated using an interionic potential theory with modified ionic
charge which includes Coulomb screening effect due to f-electrons
by Sahu1 et. al. [3].

∆𝐸
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= 𝐵δ2
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= 6𝐶 ′ δ2 + 𝑂 δ3

(2)

𝑉

where V is the volume of unstrained lattice cell, and ΔE is the
energy variation as a result of an applied strain with vector e = (e1,
e2, e3, e4, e5, e6). The shear modulus c is

∆𝐸
𝑉

The two expressions above yield C11= (3B + 4c)/3, C12= (3B –
2c)/3, and C44 is given by

∆𝐸
𝑉
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= 𝐶44 δ2
2

(3)

The details on the calculation of elastic constants have been
described in early papers [10].

3. Results and Discussion
The ground state properties of LuSe and LuTe have been studied
using their calculated total energies. The calculated total energies
were fitted to the Murnaghan equation of state [11] to obtain
equilibrium lattice constant and other structural properties. The
calculated elastic constants C11, C12, C44, bulk modulus and shear
modulus are also quoted in Table 1. In view on this table, one can
notice that the unidirectional elastic constant C11 is much higher
than the C44 indicating that these compounds present weaker
resistance to pure shear deformation compared to resistance to
unidirectional compression. The traditional mechanical stability
conditions of the elastic constants in cubic crystals are known to be
C44 > 0, C11 > 0 and C11 > C12. Our results for elastic constants in
Table 1 satisfy these stability conditions meaning that the herein
studied compounds are elastically stable. The calculated structural
parameters and elastic constants of LuSe and LuTe are listed in
Table 1. The electronic band structures of LuSe and LuTe are
obtained using the generalized gradient approximation (GGA) along
the higher symmetry direction, and are shown in Fig. 1.

2. Computational Methods
The Quantum-ESPRESSO software package [4] is used in the
present calculations based on DFT [5, 6]. Ultrasoft pseudopotentials
were used, and the cut-off energy for the plane wave basis set was
40 Ry. The electronic exchange-correlation energy was treated
under generalized gradient approximation (GGA) parameterized by
Perdew–Burke–Ernzerhof [7]. Self-consistent solutions of Khon–
Sham equations were obtained by employing a set of 60 k-points
within the irreducible part of the Brillouin zone. Eight dynamical
matrices were calculated on a 4×4×4 q-point mesh to obtain
complete phonon dispersions and vibrational density of states. The
dynamical matrices at the arbitrary wave vectors were evaluated
using the Fourier deconvolution on this mesh. Specific heat at
constant volume versus temperature was calculated using the quasiharmonic approximation (QHA) [8].
Elastic constants were obtained by calculating the total
energy as a function of volume-conserving strains that break the
cubic symmetry. Bulk modulus B, C44, and shear modulus c = (C11C12)/2 were calculated from hydrostatic pressure e = (δ, δ, δ, 0, 0,
0), tri-axial shear strain e = (0, 0, 0, δ, δ, δ) and volume-conserving

Phonon dispersion curves, including the partial and total density of
states for LuSe and LuTe, along the high-symmetry directions are
shown in Fig. 2. The primitive cell of LuSe and LuTe contains two
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atoms, leading to total 6-phonon branches. There are two acoustic
and two optical modes along the principal symmetry directions X
and M due to degeneracy of the transverse modes in both acoustic
and optical modes. We did not observe any imaginary phonon
frequency for any of modes for both compounds. This supports the
dynamical stability of both compounds. From partial density of
states, it can be inferred that the vibration modes are mostly excited
by Se (Te) atoms in high frequencies, while Lu contribute a major
part to the modes with lower frequencies. The zone-centered optic
phonon modes are found as 2.52 THz for LuSe and at 2.89 THz for
LuTe.
Figure 3. The specific heats at constant pressure versus temperature for
LuSe and LuTe.

Table 1 Calculated lattice constants (in Å), bulk modulus, pressure
derivative of the bulk modulus and second order elastic constants (all in
GPa) for LuSe and LuTe.

4. Conclusion
Fig. 1 Electronic band structure for LuSe and LuTe

The
structural,
electronic,
elastic,
mechanical,
thermodynamically and phonon properties of LuS and LuTe in B
phase were evaluated from first principles. The predicted lattice
constant and bulk modulus of these compounds are in good
agreement with theoretical results. We also calculate the phonon
frequencies along high-symmetry directions. Finally, using the
calculated phonon density of states, the specific heat at constant
volume versus temperature was determined within QHA.

Temperature dependence of the constant-volume specific heat CV
for the LuSe and LuTe in the L12 structure is determined within the
quasi-harmonic approximation based on the calculated phonon
dispersion relations and depicted in Fig. 3. It is found that at low
temperature CV increases rapidly with increasing temperature, while
at high temperature, for both compounds, it approaches the classical
asymptotic Dulong-Petit limit [12] value of 6R, where R is the
perfect gas constant (R = 8.3145 Jmol-1).
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SIMULTANEOUS THERMAL ANALYSIS ON
PLASMA-AIDED CAPILLARY IMPREGNATION FOR
EUROPEAN WHITE PINE FLAME RETARDATION IMPROVEMENT
Assist. Prof. Ivanov I., Assoc. Prof. Gospodinova D. Ph.D., Prof. Dineff P. Ph.D.
Faculty of Electrical Engineering - Technical University of Sofia, Bulgaria
E-mail: igi@tu-sofia.bg
Abstract: Simultaneous Thermal Analysis (STA, TGA and DSC) unifies the simultaneous application of thermal gravimetric analysis (TGA)
and differential scanning calorimetry (DSC) to one and the same wood sample in a single instrument, under perfectly identical conditions - same
atmosphere, gas flow rate, pressure, heating rate, thermal contact, etc. New thermal analysis approaches for integral distinguishing between the
flaming and glowing combustion of wood were discussed. The results obtained by STA were used in a new way in order to reveal the influence of
plasma-aided capillary impregnation on thermal decomposition and glowing of wood controlled by oxygen and nitrogen containing flame retardant. New integral criterion of thermal behavior and decomposition such as specific enthalpy change has been developed by investigating
samples of European White Pine (Pinus Sylvestris, Bulgaria) wood. This study has been developed also as part of a large investigation on plasma-chemically activated (polarized, functionalized) wood surface and its capillary impregnation with nitrogen- and phosphor flame retardant
containing water solution.
Keywords: DIELECTRIC BARRIER DISCHARGE, FLAME RETARDANT, FLAME RETARDATION, PLASMA-AIDED CAPILLARY
IMPREGNATION, SIMULTANEOUS (TGA÷DSC) THERMAL ANALYSIS, PINUS SYLVESTRIS WOOD.
Wood samples from European White Pine (Pinus Sylvestris,
Bulgaria) wood have been used in this study, since it represents an
economic interest as a basic structural building material used in
Bulgaria. Moreover, an industrial approbation of plasma-aided
flame retardation of European white pine was implemented effectively in the period 2005÷2010, [1], within a project funded by the
National Science Fund at the Ministry of Education and Science of
Bulgaria.
The objective of this paper was to study the effect of air plasma
surface pre-treatment on European White Pine (EWP) aiming to
improve the wood flame retardation by simultaneous thermal analysis.

1. Introduction
In order to enhance the utilization of wood and its inherent
properties, a long range research and development, called Nonequilibrium Air Plasma Surface Activation of Wood and Cellulosic
Products, has been formulated (P. Dineff, 2004). This concept was
focused on achieving a basic understanding of wood and those
surface properties that are not fully exploited in conventional wood
manufacturing systems to date. The strategy was to activate these
inherent properties and thus add economic value to completed
wood products. In order to achieve this, a better knowledge of the
fundamental behavior of wood surface was required, together with
new applied plasma-aided processing technology and the development of necessary plasma-manufacturing systems, [2÷5].
The plasma-aided flame retardation of wood (P. Dineff, 2005),
cellulosic and wooden products has been developed as a result of a
new plasma-aided process of capillary impregnation that comprises: i - surface plasma pre-treatment for alteration of chemical,
electrical (ionic) and capillary activities of wood surface as well as
its surface energy; ii - modification of ionic activity and surface
tension of flame retardant (FR) containing water solution by nonorganic (anionic) and siloxane surfactants (surface-active agents),
and in general for improvement of the characteristics of capillary
impregnation process such as solution spreading and wicking
speed, as well as the amount of the adsorbed flame retardant. In this
way, the plasma pre-treatment of wood improves the flame retardation of wood, [1].
Simultaneous Thermal Analysis (STA, TGA and DSC) unifies
the application of thermal gravimetric analysis (TGA) and differential scanning calorimetry (DSC) to one and the same sample in a
single instrument, under perfectly identical conditions. The results
obtained by STA were used in a new way, to reveal the influence of
plasma-aided flame retardancy on thermal behavior and flammability of wood. New integral criteria of thermal behavior such as
specific enthalpy change (-Δh), kJ/kg, and specific heat flux (q),
kW/kg or kJ/(kg sec), have been developed. This analysis distinguishes in a good way the flaming and glowing (or charing) pyrolysis and combustion stages, [2÷5].
The application of STA allows evaluating the wood pyrolysis
under heat influence by setting pyrolysis stage, temperature ranges
and characteristic temperature peaks. Thermal analysis helps define
and illustrate the impact of the used surfactants on flame retardancy
of wood. The influence of surfactants on the flame pyrolysis and
combustion resistivity refers to some of the unique behavior of
wood, [2, 3 and 4].

2. Experimental Investigation
An original method and technological plasma system (plasma
device and applicators) have been created to produce cold nonequilibrium air plasma through dielectric barrier discharge (DBD)
at atmospheric pressure and room temperature and out of the production line, [5].
Anionic phosphate surfactant (“Aniticrystallin A“, Chimatech,
Ltd., Bulgaria) in quantity of 5 vol. %, and siloxane surfactant
(super spreader: Y-17113, Momentive Performance Materials
GmbH & Co. KG, Germany) in quantity of 0.1 vol. % have been
used to control the ion activity of the FR-impregnation solution and
its surface tension. The used anionic surfactants (-A5, or -5), alone
and in combination with siloxane surfactant (-A5-S or -5S), lowers
the surface tension of the impregnating solution and thus allowing it
to wet and penetrate solids. Sessile drop technique (CRÜSS Drop
shape analyzer DA 30) was used for these measurements, [2÷5].
The use of both surfactants in the FR-water solution leads to
significant reduction of surface tension (less than 10 mN/m) and
good wetting and chemical affinity. Regardless of the open time
between plasma pre-treatment and capillary impregnation - two or
twenty-four hours, the introduction of surfactants provides good
wetting and wicking, and good chemical affinity, [2÷5].
The studied flame retardancy of white pine wood was based on
both: plasma-chemical pre-treatment of the wooden surface to
increase its surface energy, and PhN-FR-solution modification by
an ionic surfactant and combination of different surfactants. It was
expected that the increased wood capillary activity, FR-solution
sorption speed and capacity, and a better quality FR-coating, would
allow good enough flame retardancy on porous wood surface, [5].
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monitored by simultaneous (synchronous) thermal analysis (STA, or
TGA and DSC) of commonly used thermal gravimetric analysis
(TGA) and differential scanning calorimetry (DSC).
There is a possible way to detect the influence of the anionic
surfactant (FR5) or that of the combination of surfactants (FR5S) on
wood flame retardancy by comparing the flaming resistivity of the
modified by surfactants containing solution (FR5 and FR5S) wood
with that of the surfactant-free or basic FR-solution (FR).

3. Results and Discussion
Based on previous experience in the field of plasma-aided capillary impregnation an oxidative (nitrogen oxides, NOx) surface
plasma pre-treatment has been applied on the test samples for
60 sec in a non-equilibrium cold plasma of atmospheric dielectric
barrier air discharge (ADBD) at industrial (50 Hz) and increased
frequency (30 kHz), and at 15 kV (RMS) or 25 kV (PV) voltage, [2
÷ 4].
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The typical maximums and stages of ignition and combustion
for White pine wood are presented on Fig. 1: ignition stage; flaming
stage including the transition to self-sustaining flaming combustion
(burning) and pirolysis; transition stage from flaming to charing;
and ashing stage. The flaming stage ends at 326 0C, the wood
sample has already lost 57 % from its mass. It can be assumed that
the combustion process is completed at 560 0C, where the wood
sample has lost 94 % from its mass, Fig. 1a and b.
The derivatogram, Fig. 1c, shows a very well-formed peak at
309 0C, which corresponds to the flaming stage (268÷326 0C) and
characterizes the processes of wood pirolysis and combustion.
The hypothesis that connects the mass losses directly with the
released heat, reveals three typical stages of thermal behavior: the
first one is the stage of heat absorption and mass losses (to about
249 0С); the second (to 310 0С) and the third – stages of more
intense heat release and corresponding mass losses, Fig. 2.
Thus at the end of the second stage the specific enthalpy (-Δh)
reaches 300 J/g, while at the end of the third stage it exceeds this
value many times (1340 J/g).
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0

100

Fig. 2. Criterion of wood pyrolysis and combustion behavior established by simultaneous thermal analysis (STA) of bare European white pine
(Pinus Sylvestris, Bulgaria) sample - specific enthalpy (-Δh) spectra (per
unit mass losses).
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The results from the thermal analysis – rate of heat flow, relative mass losses, and derived mass losses are presented on Fig. 1.
Based on the results of synchronously recorded thermograms, Fig.
1а и 1b, the spectrum of specific enthalpy was built, which connects the lost mass from the wood sample with the heat released in
the course of the study, Fig. 2.
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Fig. 1. Thermal analysis - DTA, TGA and DSC-spectra of bare White
pine wood (Pinus Sylvestrus, Bulgaria) samples in air (heating rate: 10 0C
per minute): wood pyrolysis stages identification - Ignition, Flaming,
Transition flaming to charing, Charing, and Ashing stages by: a - DSCspectrum; b - TGA-spectrum; c - DTA-spectrum.

3.2. Plasma-aided flame retardancy
Considered was the thermal behavior of wood sample (PT)
resulting from the plasma-aided impregnation with the base FRsolution after DBD-treatment at 50 Hz, Fig. 3. The consideration is
carried out in relation to two possible options of flame retardation –
with the base FR-water solution (FR) and with a modified by
anionic surfactant base solution (FR5). It’s only natural to compare
all of this as change in wood thermal behavior with the bare wood,
while the impregnation is carried out with the same amount of FRsolution for all investigated wood samples.

Some experimental results considered using a new criterion of
thermal behavior (pyrolysis and combustion), [4], specific enthalpy
(-Δh) – per unit mass losses, are presented here as a result of both
non-equilibrium air plasma pre-treatment at atmospheric pressure
and room temperature and capillary impregnation by a new phosphor and nitrogen containing surfactant modified water solution
6

The wood sample PT, resulting from the plasma-aided capillary
impregnation, shows the highest resistance to combustion in the
three main stages of combustion and pirolysis – flaming, transition
from flaming to charing, and charing, Fig. 3.
The minimum mass loss, Fig. 3b, gives significant advantage of
this approach: at the end of the flaming stage the wood sample loses
38 % of its weight (54.7 % for bare wood sample), and at 600 0С it
has lost only 65% (95 % for bare wood sample), Fig. 3b.
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Fig. 3. Criteria of wood pyrolysis and combustion behavior of European white pine (Pinus Sylvestris) bare wood sample (K); flame retarded
wood sample (FR); plasma-aided flame retarded sample (PT); FR-sample
with FR-solution modified (5 vol. %) with anionic surfactant (FR5) established by simultaneous thermal analysis (STA): a – DSC-spectra; b – TGAspectra; c – STA (DSC÷TGA)-spectra.
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The use of surfactants underlies the developed by us
technological approach towards providing better pyrolysis and
combustion resistivity of wood and wooden products under
conditions of “in situ” applications – outside the production line.
The selected species and combination of surfactants, as well as the
concentrations used are based on our own preliminary studies, [1, 2,
3, and 4]. The results from the conducted study reveal the impact of
the used surfactants, but it can not be said definitively that they
improve the pyrolysis and combustion resistivity of European white
pine wood, Fig.4.

Pinus Sylvestris

120

3.2. Surfactant-aided flame retardancy

Fig. 4. Criteria of wood pyrolysis and combustion behavior of White
pine bare wood (Pinus Sylvestris) sample (K); plasma-aided flame retarded
sample (PT); PT-sample with FR-solution modified (5 vol. %) with anionic
surfactant (PT5); PT-sample with FR-solution modified with anionic surfactant and siloxane surfactant (0.1 %) (PT5S) established by simultaneous
thermal analysis (STA): a – DSC-spectra; b – TGA-spectra; c – STA
(DSC÷TGA)-spectra.

However one should take into account that the perceived
advantage of plasma-aided flame retardancy can be used practically
only in the implementation of the technology „in line“,where the
impregnation process follows immediately after the plasmachemical surface pre-treatment.
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Using surfactants significantly increases mass loss compared
to the obtained by plasma-aided flame retardancy, but nevertheless
the positive effect on bare wood sample remains, Fig. 4.
However we should not forget the initial conditions of this
study – it was held with the same amount of FR- additive. The use
of surfactants permits the introduction of a much larger (more than
three times) quantity of the active FR- substance. For each particular case of plasma aided impregnation it can be found the right
surfactant and an effective amount of it.

1
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Additional comparative study was performed at two different
frequency of plasma (DBD-) chemical surface pre-treatment –
50 Hz and 30 kHz
The results of the study, Fig.5, illustrate the advantage of the
technology used at industrial frequency (50 Hz). This advantage,
however, is measured by a few more percent (up to 10 %), which
has no essential importance from a technological point of view.
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The application of STA (TGA and DSC) allows evaluating the
wood pyrolysis under heat influence by setting pyrolysis stage,
temperature ranges and characteristic temperature peaks. Thermal
analysis helps define and illustrate the impact of the used surfactants on flame retardancy of wood.
The study results illustrate the potential of the plasma-aided
flame retardancy technology to increase the combustion and pyrolysis resistivity of European white pine. The use of plasma aided
finishing without surfactants can be apply effectively only at zero
open time or when the impregnation process follows immediately
the plasma-surface treatment, i.e. in production line (“in line”).
The using of some surfactants limits though slightly the effectiveness of plasma-aided flame retardancy. This fact has been established at the same amount of active FR-additive. The surfactant
application however allows the introduction of more than three
times larger amount of the solution and the active substance. Thus,
the efficiency of surfactant application was determined by the
ability to use larger amounts of the FR-additives.
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INVESTIGATION OF FAILURE OF FREIGHT TRUCKS SIDE FRAMES USING
ACOUSTIC EMISSION
ИССЛЕДОВАНИЕ ПРОЦЕССА РАЗРУШЕНИЯ ФРАГМЕНТОВ БОКОВЫХ РАМ ТЕЛЕЖЕК
ЖЕЛЕЗНОДОРОЖНОГО СОСТАВА МЕТОДОМ АКУСТИЧЕСКОЙ ЭМИССИИ
Dr. Sci. Nikulin S.A., Ph.D. Khanzhin V.G., Nikitin A.V., Ph.D. Rogachev S.O., Khatkevich V.M., Ph.D. Li E.V., Nechaykina T.A.
The National University of Science and Technology “MISIS”, Leninsky pr. 4, 119049, Moscow, Russia
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Abstract: Analysis of material condition of side frames of freight trucks before and after thermal hardening was performed by combined
analysis of Acoustic Emission (AE) and strain diagrams during tests of samples cut from the frames. The kinetic of damage accumulation
during loading to failure in the material after normalizing or volume-surface hardening was analyzed. Changes in ductility and toughness
resource of the metal was evaluated.
KEY WORDS: ACOUSTIC EMISSION, SIDE FRAME OF FREIGHT TRUCKS, VOLUME-SURFACE HARDENING, FRACTURE
amplitude of the AE signals was detected by two piezoelectric
transducers attached to the polished side surface of the sample
through a special layer of immersion liquid. AE was detected by
two different sensitivity channels using a modular measuring
platform PXI-1042Q.

1. Introduction
One of the main causes of failure of the side frames of freight
car trucks in operation is the presence of unacceptable casting
defects in the loaded sections of the side frames [1]. The most
effective way to eliminate the harmful effects of stress
concentrations and prolong the service life of the side frames is
their reinforcement by the volume-surface hardening. This
technology can improve the strength properties of new and
renovated side frames without changing the material and the
technology of making castings.

3. Results and discussion
Joint analysis of rod samples after volume-surface hardening
flexural deformation diagrams, AE diagrams and fractography
revealed that in hardened structure (layer with a higher hardness)
the dominant mechanism of crack propagation is gradual
microcracking when the load increases (as well as increasing
toughness with increasing crack depth).
Investigation of condition of side frames fragments by the
joint analysis of the stress-strain curves, AE diagrams, structure
and fractures shows a significant difference in the fracture
mechanisms and kinetics of fragments of the side frames in a
normalized condition and after an volume-surface hardening (Fig.
2).

2. Experimental procedure
Investigation of condition of side frames fragments of freight
trucks before and after thermal hardening was investigated by
combined analysis of Acoustic Emission (AE) diagrams and strain
diagrams and charts during laboratory tests of samples cut from
the frames after different heat treatment. AE measurement used to
analyze the kinetics of damage accumulation during loading to
failure in the material after normalizing or volume-surface
hardening. Changes in ductility and toughness resource of the
metal was evaluated by the strain diagram.
Microstructure, hardness, stress-strain curves and AE
diagrams during static bending test and fractures were investigated
before and after thermal hardening (Fig. 1).

Fig. 2. Typical stress-strain curve and AE diagram obtained
during the bending test of the rods after an volume-surface
hardening
Fragments material after an volume-surface hardening
maintains a stock of plasticity and toughness sufficient to maintain
the integrity of the product, in spite of the formation of cracks in
local areas. An volume-surface hardening, increasing the strength
of the material, does not allow cracks to develop in the cast
material defects. Tests of the fragments after an volume-surface
hardening showed that the main crack formed only at high loads

Fig. 1. The sample during static bending test.
Three-point bending test of the samples was carried out on a
universal tensile testing machine Instron 150LX with rate of 0.5
mm/min with a recording diagram "load - deflection". The peak
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(900 kN) and does not lead to catastrophic failure of the whole
fragments.
Fragments material analysis using AE measurement and
analysis strain diagrams is effective to evaluate the toughness of
the side frames material after various modes of thermal treatment.

The work was supported by Russian Federal Ministry for
Education and Science in the framework of the Federal Target
Program "Research and development on priority directions of
scientific-technological complex of Russia for 2014-2020"
(agreement № 14.581.21.0009 from 03.10.2014, a unique
identifier №RFMEFI58114X0009).

4. Conclusion
4. Literature
Analysis of condition of material of side frames of freight
trucks before and after thermal hardening was performed by
combined analysis of Acoustic Emission (AE) diagrams and strain
diagrams during tests of samples cut from the frames after
different heat treatment. AE measurement used to analyze the
kinetics of damage accumulation during loading to failure in the
material after normalizing or volume-surface hardening. Tests of
the fragments after an volume-surface hardening showed that the
main crack formed only at high loads (900 kN) and does not lead
to catastrophic failure of the whole fragments.

1. Orlova A., Romen Yu. Refining the wedge friction damper of
three-piece freight bogies // Vehicle System Dynamics:
International Journal of Vehicle Mechanics and Mobility.-2008.V. 46.-P. 445-455.
2. Fedin V.M., Borts A.I. Volume-surface hardening of freight
bogie springs from steels with reduced and controlled
hardenability // Metal Science and Heat Treatment.-2009.-V. 51.P. 544-552.
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BASIC APPROACHES TO THE STUDY OF THE STRUCTURE AND PROPERTIES OF
THIN OXIDE LAYERS ON THE EXAMPLE OF THE OXIDE FILMS OF ZIRCONIUM
ALLOYS
ОСНОВНЫЕ ПОДХОДЫ К ИЗУЧЕНИЮ СТРУКТУРЫ И СВОЙСТВ ТОНКИХ ОКСИДНЫХ СЛОЕВ НА
ПРИМЕРЕ ОКСИДНЫХ ПЛЕНОК ЦИРКОНИЕВЫХ СПЛАВОВ
Ph.D. Koteneva M.V., Dr. Sci. Nikulin S.A., Ph.D. Rozhnov A.B.
The National University of Science and Technology “MISIS”, Leninsky pr. 4, Moscow, 119049, Russia
mariakt@yandex.ru
Abstract: The structure and mechanical properties of the oxide films formed on zirconium alloys Zr - 1% Nb, Zr – 2,5% Nb upon autoclave
tests at a temperature of 360oC and pressure of 18,6 MPa for 600 days were studied. Basic methodological approaches to the study of the
structure and properties of thin oxide films were shown. The 10-15 µm thick oxide films of different structural types were shown to be formed
on the specimens: the structures with predominately elongated grains and the layered structures. The structure of the oxide films subjected to
loading determines both the crack formation stress and the character of fracture.
KEY WORDS: ZIRCONIUM ALLOYS, OXIDE FILMS, AUTOCLAVE TESTS, STRUCTURE AND FRACTURE OF THE OXIDE FILMS,
COMPREHENSIVE ANALYSIS OF THE OXIDE FILMS

1. Introduction
One of the reasons that limits reliability of structural
elements of the nuclear reactor core is the uniform corrosion of
zirconium alloys. The corrosion rate depends on the composition,
structure and defectness of an oxide film. Currently, there are few
published comprehensive studies of structure and mechanical
properties of the oxide films obtained at different oxidation
conditions. Modern research equipment allows us today to obtain
new data on the structure and properties of oxide films to specify
the mechanism of the process of uniform corrosion.
It was shown for Zircaloy alloys that the structure of oxide
films of zirconium alloys is a mixture of elongated and equiaxial
grains present in various proportions. Equiaxial grains are usually
disposed between the elongated ones [1], the cracks are formed
as a rule at their boundaries [2, 3, 4]. The structure changes

Fig. 1. The microstructure of oxide films of zirconium alloys
with elongated (a,b) and equiaxed (c,d) grains (bright-field (a,c)
and dark-field (b,d) images).

depending on the stage of oxidation.
The object of this work was to develop the techniques and
study the structure and mechanical properties of the oxide films
formed on zirconium alloys Zr - 1% Nb, Zr – 2,5% Nb.

The oxide film structure with predominately elongated grains
is characteristic of the specimens of Zr – 2,5% Nb. Layered
structure of the films is characteristic of the specimens of Zr - 1%
Nb.
SEM analysis of oxide films structure on the cross sections
showed the chains (the layers) of microcracks parallel to the
surface of oxide film.
The microhardness of zirconium oxide films of identical
phase composition (monoclinic ZrO2) does not differ
significantly in different states and amounts to 20 GPa.
The fracture of oxide films with different structures may
occur by the formation of transverse cracks or longitudinal cracks
and flaking.
The implementation of a fracture mechanism of oxide films
is determined by the structure (ratio and the location of elongated
and equiaxed grains) and the initial defectiveness of the oxide
film.
For the film structures with predominately elongated grains,
the fracture occurs through the formation of transverse cracks
developing across the whole film layer up to a base metal. In this
case, the greatest values of fracture stress for the specimens
subjected to loading are observed as compared to other states.
The fracture of oxide films with layered structure proceeds by
flaking. Flaking occurs at the interface between the layers of
elongated grains and equiaxed.

2. Experimental procedure
Studies were performed on tube specimens of zirconium
alloys after testing in an autoclave under the following
conditions: T = 360 º C, P = 18,6 MPa, τ = 600 days. The
microstructure was studied using scanning electron microscopy
(SEM) and transmission electron microscopy (TEM). Method of
focused ion beam (FIB) was used to prepare specimens for TEM
[5]. The hardness of oxide films was measured at low loads by
Oliver Far method.
Compression of tubular specimens with acoustic emission
measurement was made to analyze the fracture kinetics of the
oxide films [6]. The phase composition of the oxide films was
studied by X-ray diffraction. Adhesive/cohesive strength was
determined by scratching of the surface of the tube specimen.

3. Results and discussion
There are two morphological types of the grains of
monoclinic zirconium dioxide modification are present in the
structure of oxide films: equiaxed grains and elongated grains,
which are clearly seen both in the bright- and dark-field image.

4. Conclusion
The use of such techniques of structure and properties
analysis allows to compare oxide films and determine their
structure and fracture kinetics.
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It was shown that oxidation of the zirconium alloys Zr - 1%
Nb, Zr – 2,5% Nb in water results in the formation of oxide films
with the structure of two types, characterized by different
proportion of the elongated and equiaxed grains: the structures
with predominately elongated grains and the layered structures.
Fracture of the oxide films different in structure occurs
according to two alternative schemes: by the formation of
transverse cracks or by the formation of longitudinal cracks and
flaking.
The greatest fracture stress is characteristic of the films with
elongated thin grain structure.

4. Literature
[1] Weijia Gong, Hailong Zhang, Yi Qiao, Hang Tian, Xiaodong
Ni, Zhongkui Li, Xitao Wang. Grain morphology and crystal
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INVESTIGATION OF HIGH-TEMPERATURE MULTI-LAYER MATERIAL
BASED ON VANADIUM ALLOY AND STAINLESS STEEL
ИССЛЕДОВАНИЕ ЖАРОПРОЧНОГО МНОГОСЛОЙНОГО МАТЕРИАЛА НА ОСНОВЕ СПЛАВА
ВАНАДИЯ И КОРРОЗИОННОСТОЙКОЙ СТАЛИ
Nikulin S., Nechaykina T., Rozhnov A., Rogachev S.
National University of Science and Technology "MISIS", Leninsky pr. 4,119049 Moscow, Russia
nechaykinata@gmail.com
Abstract: The investigation of the interface connection area of the three-layer tube "steel / vanadium alloy / steel" after different
deformation-heat treatments was performed. Furthermore, a qualitative and quantitative analysis of the structure of the three-layer material
were conducted, including analysis of the contact area of the steel and the vanadium alloy and the diffusion layer between them was
obtained. The analysis of the microstructure and mechanical properties (microhardness, ultimate tensile strength, yield strength and
elongation) of three-layered material has been carried out.
KEYWORDS: THREE-LAYER TUBE, VANADIUM ALLOYS, STAINLESS STEEL, STRUCTURE, MECHANICAL PROPERTIES,
COMPOSITE

1. Introduction
Vanadium alloys V-(5-10)%Ti-(4-6)%Cr are promising
materials for the fuel claddings of fast nuclear reactors due to
their high thermal conductivity, high-temperature tensile
strength, high temperature creep resistance (at temperatures up to
800 °C) and radiation stability comparing to austenitic and
ferrite-martensitic steels. However, oxygen and nitrogen are
highly soluble in vanadium at operating temperatures up to 400
ºC and decrease corrosion resistance [1-6].
Therefore, it is required to protect vanadium surface by
corrosion-resistant materials, for example, through creation of
multi-layer compositions for preventing of vanadium alloys
embrittlement upon interaction with oxygen and nitrogen. We
propose a multi-layer structural material based on hightemperature vanadium alloy that is protected by corrosionresistant ferritic steel from the surface. Vanadium alloy provides
high long-term strength of the material, while steel provides high corrosion resistance in various media (liquid metals, water,
steam).

JSM-6610LV (JEOL) scanning electron microscope with energy
dispersive X-ray spectrometer (EDS). An optional EDS provides
elemental analysis, that is why we used EDS for the analysis of
the chemical elements redistribution in the transition area of
three-layer tube steel//vanadium alloy//steel.
Tensile tests were conducted for assessing the quality and
strength of the connection between vanadium alloy and steel. The
miniature vanadium alloy samples and special two-layer
(steel//vanadium alloy) samples were prepared for the tensile test.
Tensile tests were performed in the air at room temperature by
Instron 5966 with special grippers.

3. Results and discussion
Results of study of phase composition, structure and
mechanical properties of three-layer material at various stages of
technology are presented at fig.2 - 5.
The metallographic examination showed that the contact
area steel / vanadium alloy of the three-layer tube is clean,
smooth and has well-defined border connections without pores,
micro-cracks or separation. Figure 2 shows structure in the
transition layer of the vanadium alloy with steel after hot
extrusion of the three-layer tube and subsequent annealing.

2. Experimental procedure
Two types of three-layer tubes based on vanadium alloy V4Ti-4Cr and different stainless steels (ferritic-martensitic steel
(Fe-0,2C-13Cr) and ferritic (Fe-0,08C-17Cr-1Ti) steel) were
produced in this work by join plastic deformation. Ring samples
of a three-layer tube were studied after joint hot deformation at
1100 °C (hot extrusion) and also after annealing at for 2 h at 800
and 1000 °C.

Figure 1 - The appearance of a three-layer tube sample based on
vanadium alloy (V-4Ti-4Cr) coated with an inner and outer
surface by steel (0.2C-13Cr-Fe) after a hot extrusion
Figure 2 - The structure of the contact area between alloy V-4Ti4Cr and steel after annealing

In this research paper we used a metallographic analysis,
an electron microprobe analysis in the contact area,
microhardness measurements, mechanical testing methods.
An analysis of the microstructure of the transition zone of the
three-layer material was performed by optical and scanning
electron microscopes Carl Zeiss Axiovert 40 МАТ and JSM6610LV (JEOL) at magnification ×100 - 1000. In addition, we
obtained concentrations maps at the vanadium alloy/steel
interface and concentration profiles of chemical elements using

Annealing at 800 °C after hot extrusion in a transition area
between the steel and vanadium alloy forms recrystallized
structure with a grain size of 40 - 50 µm in steel and 5-10 µm in
the vanadium alloy. Increasing the annealing temperature to 1000
°C causes the grain growth in the steel up to 60 - 70 µm.

13

It is shown that "transition" layer is formed in the three-layer
material due to the joint hot deformation and annealing. This
layer is a solid solution with monotonically changing chemical
composition. The formation of the diffusion ‘transition’ layer
provides durable connection between dissimilar metals (material /
coating). The "transition" layer has the same thickness about (20
± 5) µm in the three-layer tubes with both ferritic-martensitic
(Fe-0,2C-13Cr) and ferritic (Fe-0,08C-17Cr-1Ti) steels.
Annealing at 1000 ° C can increase its thickness up to 150 µm
(fig. 3).
Figure 5 - Stress – strain curves of the samples from the threelayer tube: a - after hot extrusion; b - after hot extrusion +
annealing (1000 ᵒC, 2 hours)
The tensile test results of the samples from the transition
layer demonstrate that these samples behave as a monolithic
material and are failed with necking without the formation of
cracks between the vanadium alloy and the steel. Ultimate tensile
strength of two-layer samples V-4Ti-4Cr//(steel Fe-13Cr-0,2C)
was 515± 15 MPa, yield strength was 295 ± 35 MPa and
elongation was 22 ± 2 %, that is not worse than the mechanical
properties of the vanadium alloy (V-4Ti-4Cr) alone.

4. Conclusion
The studies of the structure, the chemical composition and
the mechanical properties of the three-layer tubes based on a
vanadium alloy with ferritic and ferritic-martensitic steels coating
have shown the formation of a diffusion layer in the contact area
between the vanadium alloy V-4Ti-4Cr and the steel of a threelayer material, which provides a three-layer monolithic tube
material. The microstructure analysis confirmed the mutual
diffusion of the chemical elements between the vanadium alloys
V-4Ti-4Cr and the steels near the interface between the layers.
The research has shown that the "transitional" layer is formed in
a three-layer material due to the joint hot deformation and
annealing, which is a solid solution with monotonically changing
chemical composition. The interaction area ("transitional" layer)
has the same size of about (20 ± 5) µm in the three-layer tubes
with (Fe-0,2C-13Cr) and (Fe-0,08C-17Cr-1Ti) steels coating.
Annealing at 1000 °C can increase the thicness of the transition
layer to 150 µm. The research has also shown that the ferritic
steels with 17 – 26 %Cr are a more technologically advanced
material for the protective coating of tubes from vanadium alloys.
Tensile test results demonstrate that two-layer sample behaves as
a monolithic material.
This work was funded from Russian Federal Ministry for
Education and Science (grant 14.A12.31.0001).

Me - mass fraction of chemical element; l - the distance from the
interface vanadium alloy/steel

Figure 3 - The distribution of chemical elements in the contact
area of the alloy V-4Ti-4Cr with Fe-0,2C-13Cr (a - c) and Fe0,08C-17Cr-1Ti (d - f)
Microhardness through the wall thickness of the threelayer tube with ferritic steel (Fe-0,08C-17Cr-1Ti) is about 150 190 HV, but microhardness after hot extrusion and after
annealing at 1000 ° C is about 450 – 500 HV in steel Fe-0,2C13Cr (fig.4).
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Figure 4 - Distribution of microhardness through the wall
thickness of the three-layer tube: 1 - after hot extrusion; 2 - after
annealing at 800 ° C; 3 - after annealing at 1000 ° C;* l - length
of the outer tube wall
A more technologically advanced material for the
protective coating of tubes from vanadium alloys is ferritic steels
with 17 – 26 %Cr, because Martensite formed in steel (Fe-0,2C13Cr) after annealing at 1000 °C and cooling in air of the threelayer tube.
Tensile test results of samples of the transition area that
were cut from transition area of the three-layer tube in different
condition (after hot extrusion; after hot extrusion and annealing at
1000 ᵒC, 2 hours) are shown in Figure 5.
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THE EFFECT OF CHEMICAL COMPOSITION ON PROPERTIES OF ROCK
MELTS
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The results of investigations of basic physical and chemical properties for aluminosilicate melts of different compositionsis presented.
It is shown that the highest values of surface tension and adhesion was observed for the basalt melts, whereas neutral aluminosilicate glass
melts without iron oxides in their composition are characterized by a high value of contact angle and the lowest values of surface forces. The
insertion in the melt of ZrO2 increases significantly wetting angles, surface tension and adhesion throughout the temperature range as
compared with the same melts without zirconia. Basalt melts differ by lower viscosities and significantly less sensitivity to the effects of
additives on viscosity of zirconium oxide as compared to the andesite-basalt melts.
KEYWORDS: SILICATE MELT, BASALT, MELTING, WETTING, SURFACE TENSION, ROCK.

2. Experimental procedure

1. Introduction

As the initial raw materials for manufacturing of fibres from
rocks melts of basalt type of different compositions silicate systems
with additives zirconium oxide, silica-alumina (neutral) and the
alumina-borosilicate glass which chemical compound is resulted in
tab. 1 are used.
At manufacturing of fibres from silicate melts quality and
productivity of process are appreciably defined by a design and a
material of bushing which, as a rule, is produced from platinumrhodium or other heat-resistant alloys. The optimality of sampling
of a draw die material is especially important at manufacturing of
fibres from rocks which have narrow interval of fiberizating in
comparison with glass fibres [1-4].
In the course of interacting of melt with a material draw die
plates it is often enough it diffluence are observed, and in due
course trailings of a bushing apertures. Excessive wetting calls
fibres thread which leads to a stop of process of a drawing down
their fibres and breaks a technological regime.
One of the most important characteristics which define
physical parametres of melt interacting with material of the draw
die and essentially influence stability of process of fibres reception
is wetting which it is characterised by value of wetting angle and
surface energy and a surface tension which represent intermolecular
and interatomic acts on a surface of substance belongs [5-8].
Considering essential differences of a chemical compound of
different kind of raw materials from rocks, research of processes of
interacting of base plate with the glasses melts of gained from such
rocks, remain the extremely actual.
The evaluation of wetting angle Θ (fig. 1 ) had been carried
out with use of direct observations method by indication from the
photos gained at the matching temperature on a high-temperature
microscope (fig. 1).
Magnitude of a melt surface tension was defined with use of
the maximum pressure in a bubble method [9]. The method consists
next actions: in the crusible 3 with the melt (fig. 2), which surface
tension we define, the calibrated capillary 4 with radius r, made of
chemically inert in relation to material melt (in our case - platinumrhodium alloy) was entrained. The air with some pressure p was
blown through this capillary.
Numerical value of a surface tension can be defined from
dependence [9]:

Development of the modern industry of the XXI century
inseparably linked with wide application of new composite
materials on the basis of technical (carbon, glass, high-molecular,
mineral, etc.) fibres. The greatest extending to various industries
was gained the composite materials and products on the basis of
glass fibres, the increase in volume of commodity manufacture in
industrially developed countries over the last 5 years makes about
20 % in year. At the same time, these fibres by a complex of
physicomechanical and chemical properties, price parametres
considerably concede to the new class of mineral fibres - basaltic
continuous fibres (BCF). On the basis of BCF a row of new
composite materials and products for the industry and special
technics is made: rovings and textile twist threads, tapes, cloths and
grids, building armature and pipes, various basaltplastic
(constructional, electrotechnical, functional, etc.), high-temperature
filters for clearing of the heated gases, frictional products and many
other things. Basalt fibres are well compatible to polymeric, metal,
ceramic, anorganic and carbon matrixes and various fibres at
creation hybrid and composite materials. These unique materials in
the opeating characteristics are surpass analogues from fiber glasses
and even steels. They differ durability, reliability, high corrosion
durability, are efficient in a wide temperature range (from -260 to
700-900 °С), are chemically inert. Basalt-fibers materials (BFM)
are possess high heat- and the sound-proof properties, the raised
temperature stability, vibration resistance and durability [1]. They
do not generate and do not emit toxic substances, are racks to
atmospheric affectings and aggressive environments.
These properties of basalt fibres caused an currency of a
problem of the further development and creation of highly effective
building and technical materials and products for various industries,
in many cases capable to replace an asbestos, wood, plastic, glass
wool and even metal.
Resources of initial basaltic raw materials for manufacture of
BFM are inexhaustible and make hundred billions cubic metre.
Large supplies of raw materials (rock) for manufacture of basalt
fibres, possibility of production of fibres, possessed of a complex
high thermalphysic and mechanical properties, are cause an
actuality of creation and development of manufacture of wide
assortment of new materials and products of technical function on
their basis.
However, basalt rocks of various deposits are differ on
chemical and mineral composition, therefore for reception of fibres
of certain quality correction of conditions of conducting of the basic
stages of a process is required. However regular researches of
composition - structures - technology - raw materials properties and
materials obtained from it has not enough for an estimation for
efficiency of use of magmatic rocks of different compositions in
production engineering of reception of basalt fibres.
The purpose of the present work is to investigate the
influence of initial basaltic rocks composition on the basic
technological properties of their melts.

where ∆Pm – pressure in a capillary which corresponds to maximum
diameter of a bubble; g – gravitational acceleration; ρ – melt
density; h – altitude of a melt column over the bottom shearing of a
capillary.
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Test
number
1
2
3
4
5
6
7
8
9
10

Rock

TiО2

ZrO2

--

--

2,50

--

--

9,50

13,50

1,00

--

--

53,00

--

--

15,00

0,10

--

4,00

17,00

0,20

0,10

10,00

62,9

0,30

--

9,80

0,86

1,57

3,40

17,50

2,00

1,60

--

52,84
49,93
48,39
43,60

0,50
2,50
1,72
1,29

-----

17,28
12,63
14,25
17,42

8,97
4,77
7,53
2,94

1,66
9,94
1,50
9,27

6,30
5,45
4,80
8,65

7,10
9,49
12,60
8,07

2,20
2,35
3,18
3,64

1,60
0,85
2,32
0,73

-----

50,20

0,48

5,00

16,42

8,52

1,58

5,99

6,75

2,09

1,52

-

44,94

2,25

10,00

11,37

4,29

8,95

4,91

8,54

2,12

0,77

-

47,55

7,14

-

12,03

4,55

9,46

5,19

9,04

2,24

0,81

-

SiO2

Silica-alumina glass 73,00
Alumina-borosilicate
glass
Silica-alumina glass
from sand
Andezito-basalt
Basalt
Diabase І
Diabase ІІ
Andezito-basalt
with ZrO2a dditive
Basalt with
ZrO2 additive
Basalt with
ТіО2 additive

Table 1: Chemical composition of raw materials for production of melts
Oxides, % (mass)
А12О3 Fе2О3
FеО
MgO
CaO
Na2O
K2O
B2O3

Fig. 2. Apparatus for estimation of melt surface tension:
1 - electric furnace; 2 - jamb; 3 - crusible with melt; 4 - capillary;
5 - micrometric device; 6 - microcompressor; 7 - U-like
manometre; 8 - control device; 9 – thermocouple

a

wetting angle on temperature in comparison with melts 1 and 2 a
little increases.
Unlike silica-alumina glasses melts (No. 1-3) wetting angle
for soda-lime glasses from rocks of basaltic group which are
characterised by presence in the composition up to 15 % (wt.) of
iron oxides (melts No. 4, 5, 8, 10) is characterised by already
essential dependence on temperature and decreases in 5÷6 time at
increase in temperature from 1200 °С to 1350 °С. Insertion of 5-10
% ZrO2 in composition of basalt melts (No. 8 and 9) does not
change noted trend, however the general level of values of wetting
angles in all temperature range of researches for them is essentially
above in comparison with analogous compositions of basaltic melts
without zirconium oxide (No. 4 and 5) in all temperature range of
researches. Thus, as for the specified initial melts of basaltic group,
and for melts with ZrO2, value of wetting angles for melts on the
basis of andezito-basalt (No. 4 and 8) is exceeded by matching
parametres for melts on the basis of basalt (No. 5 and 9).
Essentially smaller values of wetting angles at all
temperatures are noted for diabases (melts No. 6 and 7) which
contain the least maintenance of SiO2.

b
Fig. 1. Deformation of the basalt sample (in the centre) in contact
with platinum-rhodium plate at different temperatures (a) and the
circuit design of definition of wetting angle Θ (b)
3. Results and Discussion
On fig. 3 the dependence of a wetting angle of platinumrhodium base plate carriers by silicate melts of different
composition from temperature is presented. Apparently in drawing,
melts of silica-alumina neutral glasses in which composition there
are no iron joints are characterised by almost stable high value of a
wetting angle in a temperature range of existence of liquid phase
(melts No. 1 and 2) whereas presence as a part of melt already about
2,5 % iron oxide phases (melt No. 3) essentially reduces wetting
angle in all temperature interval of researches and dependence of
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and adhesive tension for silica-alumina glasses (melt No. 1) draw
attention as well.

a

Fig. 3. Relationship between wetting angle by silicate
melts of different composition and temperature (curves No. from
table 1)
Wetting angles are appreciably defined by surface tension of
melt which together with capillary pressure, is one of the basic
thermodynamic characteristics of surface layer of liquid on
boundary with gas phase and is characterised by intermolecular and
interatomic forces on a substance surface. In turn, ability of melt to
moisten a solid is defined by a relationship between cohesion of
melt and its adhesion to a solid. The specified relationship can be
characterised by the value of adhesive tension which is defined as a
difference between work of adhesion for a liquid (melt) to a solid
body and surface tension on interface liquid-gas. Value of adhesive
tension can be defined from dependence [9]:

b
Fig. 4. Relationship between surface (a) and adhesive (b) tension
for melts of different composition and temperature (curves No.
from tabble 1)
One of the basic properties for glass-forming melts that
characterises an internal friction which arises at moving of one layer
of melt in relative to another, is viscosity which appreciably defines
possibility of formation of glass fiber. As we can see from fig. 5,
injection in the melt composition additives of zirconium oxide leads
to essential increase in viscosity for andezito-basalts.
Essentially smaller values of viscosity have the melts of basalt
group (fig. 5, b). Thus, considerably smaller effect of zirconium
oxide additives on characteristics of basalt melt viscosity in all
temperature interval in comparison with andezito-basalt take place.

(1)
where σт-р – surface tension on interface of solid - melt; θ –
wetting angle.
According to results of experimental investigations of silicate
melts of different chemical compositions surface tension, the least
values of σт-р in all temperature range belong to silica-alumina glass
in which composition iron oxide compounds are virtually absent as
well as minimum maintenance of aluminium oxide, however raised
contents of SiO2 (fig. 4, melt No. 1) that well correlates with high
values of wetting angle for this composition of the melt (fig. 4, a).
With increase of Al2O3 content in the melt to 12÷17 % (melts No. 5,
6 and 4) the values of surface tension increase too. The maximum
values of surface tension is characterized for melts of basaltic group
which include 5÷10 % of zirconium oxide (melts No. 8 and 9) and a
little smaller values σт-р are noted for andezito-basalt (melt No. 4).
Similar regularity is observed for values of adhesive tension
too (fig. 4, b). Yet the character of values σт-р and Ан dependences
from melt temperature essentially differ: while for the majority of
melt compositions with increase in temperature values of surface
tension σт-р decreases, adhesive tension An even slightly increases.
That is caused by decrease in wetting angle (fig. 3) and,
accordingly, increase for values of cos θ in dependence (1) with
increasing of melt temperature.
Thus, similarly to dependence for a wetting angle, utterly
insignificant effect of melt temperature on characteristics of surface

Important characteristic of rocks melts is speed of fusion
which depends on block of processes which lead to production of
homogeneous glass mass. Concerning to rocks the speed of fusion
is characterised by the parametre of fusibility constant K which is
defined as ratio of refractory oxides mass concentration to that of
more fusible oxides [2]:
(2)
With decrease of value of constant fusibility rock is exposed
to fusion is easier, therefore for manufacture of fibres mainly use
mucks which have K < 4,5 [2]. The estimation of investigated
compositions of melts on parametre of constant fusibility (2) shows
(fig. 6) that melts of basaltic group (№ 4, 5, 8, 9, 10) (tab. 1) are
characterised by the highest values K that well correlates with the
highest values of a surface and adhesive tension (fig. 4) and causes
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use for rehash of the specified compositions of rocks of temperature
which, as a rule, exceed 1450 oС.

values of a surface and adhesive tension and causes for their
processing use of the specified rocks compositions of temperatures
which exceed, as a rule, 1450 0С.
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b
Fig. 5. Relationship between viscosity and content of ZrO2 in melt
of andezito-basalt at 1400 0С (a); viscosity and basalt melt
temperature without oxide zirconium (№ 6) and with 10 % ZrO2
(№ 7, tab. 1) (b)

Fig. 6. Value of fusibility constant K for investigated melts

. Conclusions
1. Melts of silica-alumina neutral glasses which have no iron
oxides in their composition, are characterised by stably high value
of a wetting angles and the least values of surface tension in a
temperature range of existence of liquid phase whereas presence as
a part of melt already about 2,5 % of iron oxide phases essentially
reduces wetting angles in all temperature interval of investigations,
and increases dependence of a wetting angles on temperature.
2. Insertion in a basalt melts composition of 5-10 % of ZrO2
essentially raises the level of magnitudes of wetting angles as well
as surface and adhesive tension in all temperature range of
investigations in comparison with analogous compositions of
basaltic melts without zirconium oxide.
3. Melts of basaltic group are characterised by the highest
values of fusibility constant which well correlates with the highest
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INVESTIGATION OF PROPERTY OF POLYCRYSTALLINE DIAMOND PURIFIED
BY TECHNOLOGY OXIDATIVE ALKALINE MELTS
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Abstract: Properties of polycrystalline nanodiamond powder after treatment under oxidizing alkali melts of sodium nitrate and sodium
hydroxide were investigated. It is established that the dried initial product contains the particles with size up to 100 microns, which are
easily broken by ultrasonic treatment to size about 15 micron. A comparative grain-size analysis of samples before and after treatment of
oxidative alkaline melts showed that the average grain size is reduced to 6 microns and the particles of less than 1 micron are formed. It is
shown that after treatment in the oxidative alkaline melt final material does not contain non-diamond carbon and the dried powder of
polycrystalline diamond practically does not aggregate.
Keywords: POLYCRISTALLINE DIAMOND, DETONATION SYNTHESIS, OXIDATIVE ALCALINE MELTS, DISPERSIVENESS

1. Introduction

2. Purification of diamond raw materials by
oxidative alkaline melts

Polycrystalline diamond of detonation synthesis is now one of
the most perspective materials collecting all the most valuable
properties both micro- and nano- dispersed diamond. But in the
same time this material has the similar to detonation synthesis
problems for its technology of production. And this fact defines
high cost of final product.

Our investigations shows that using of oxidative alkaline melts
for process cleaning of diamond containing materials allow to carry
out of full elimination of non diamond form of carbon under
comparatively soft conditions that ensure maximum yield of nanodiamonds.

The most difficult problem for this technology is the removal of
graphite from the initial product synthesis. High dispersiveness of
nanodiamond particles leads to situation when its reaction ability
stays similar with reaction ability of graphite particles even with
more size.

Earlier experimental investigations for products of both static
and detonation synthesis shown that yield of diamond was not less
then 99% and most part of its loss was caused of auxiliary
operations – washing of residue, drying, desintegratin [1,2].
Moreover, it was established that better wetting ability of such
melts can remove non diamond carbon from the aggregates
penetrating in the most inaccessible places of graphite diamond
aggregates.

As result, increase of oxidation degree of graphite leads to a
loss of fine fractions (nanodiamond) and vice versa, decrease of
oxidation degree of nanodiamond leads to reducing of efficiency of
purification process and to possible presence of large graphite
particles in the final product.

But, theoretically this method also can lead to a negative result
such as destruction of the agglomerates to an unacceptably low size
particles or reducing of strength characteristics of final product.

On the other hand main feature of product synthesis of
polycrystalline nanodiamond powder is probability of inclusion in
its grains of particles of graphite. And as result during of cleaning
from non-diamond graphite by traditional techniques (chrome acid,
nitric acid, alkaline) both full damage and availability of
polycrystalline with enhanced concentration of graphite is possible.
In any case this is leads to loss of quality and utilization properties
of end product.

3. Experimental research and its results
So to examination of possibility of use of developed technology
of treatment of product of detonation synthesis of polycrystalline
diamond the samples of raw material which were reacted with melts
of hydroxide and nitrate of sodium were analyze on presence of
graphite and particle size distribution.
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Fig. 1 Grain-size analysis:
1- untreated product synthesis; 2 – product synthesis after ultrasonic treatment; 3 – final product after ultrasonic treatment.
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Fig.2 Data of X-Ray analysis for purified polycrystalline diamond powder

One lot of raw material was mechanically disintegrated to verify
existing in the scientific community and among technologists
widespread assumption about obligatory preliminary opening of
agglomerates for full graphite removal.

diamond carbon reflexes and diamond carbon is represented by two
modifications with similar reflexes (see Fig.2).
It should be noted that the distribution of particle fractions
indicates the appearance of a small amount (about 5-7%) of fine
particles with a size from 0.4 to 0.8 microns (Fig.1, line 3).

Additional particle size distribution analysis were carried out
for samples of end product in the form of slurry suspension,
suspension of preliminary dried powder of end product and these
suspensions after ultrasonic treatment. It gives the possibility to
evaluate the tendency to form aggregates during drying of end
product.

It is accompanied by reducing of amount of fractions with a
maximum of about 8 microns and this process is observed for both
for suspension and for dry powder. But for last sample the process
of reducing of particle size is more noticeable and it is suggest that
dried powder agglomerates consist from weakly mechanically
interconnected diamond grains in an amount of about 10-12 units.

As a result, particle-size analysis of product of synthesis shows
that main parts of particles have size 12-18 microns and 90-110
microns with roughly comparable amount of these fractions (Fig.1,
line 1).

4. Conclusions

After ultrasonic treatment more than 90% of fraction with size
90-110 microns was destroyed and basic fraction becomes the
fraction with prevalent size of particle about 15 microns (Fig.1, line
2).

Thus, our investigations have shown that the oxidative alkaline
melts can be used for treatment of product of detonation synthesis
containing all range of diamond materials - nanoscale,
polycrystalline, micropowders without prior classification.

It means that real size of aggregates which react with oxidation
alkaline melt at average size 12-18 microns.

Furthermore, even in the presence of large graphite particles in
the raw material, the amount of the residual graphite can be reduced
to less than 0.05% within 1 hour of treatment.

Also it should be noted absence of fraction of less than 2
microns which indicates sufficient mechanical strength of the
particles of the starting material before chemical treatment.

It is found that the quality of the final material is not changed in
the absence of prior mechanical grinding to opening of graphite and
the final product does not contain graphite grains even more than 2
microns.

For determination of possible impact of the melt on the fine
fraction of the diamond-like carbon were treated three different
samples. After reaction of this samples with oxidative alkaline melt
the amount of diamond-like carbon were 30.4, 30.1 and 30.6 %
from initial mass of untreated product of synthesis, product of
synthesis after ultrasonic treatment and product of synthesis after
mechanic disintegration respectively.

It has been shown that after reaction the average grain size is
reduced by about 3-fold to 5 microns but at the same time it is
formed particles with size less than 1 micron.
The resulting powder of polycrystalline diamond is resistant to
agglomeration and can be easily recovered to the suspension by
ultrasonic treatment.

This difference is within the experimental error, and indicates
the possibility of purification of polycrystalline diamond powder
even without prior grinding.
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Abstract: The problem of the reconstruction of the historical building coat is in material comparability. The basic of the convenient
material choice for reconstructions is to recognize some physical properties of used materials. The crucial properties are moisture and
temperature induced expansion. The objective of this paper is to experimentally determine moisture and temperature induced deformations
of two lime based plasters. The measurements are performed for moisture content from the dry state to the saturation water content and
temperature range of 5 – 60°C. Temperature and moisture induced length differences were measured using LVDT MACRO SENSOR SBP
375040.
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The measurements of the sorption isotherms were determined
using the climatic chamber. The climate maintains the desired
temperature with the accuracy ±0 ,4°C and relative humidity with
the accuracy ±( 0 ,2% RH for low RH and 2% RH for high RH).The
weight changes were measured by milligram accuracy for a
capacity up to 310 g.

1. Introduction
Historic buildings are built from components with porous
structure. They are subjected to the weather actions. Effects such as
water absorption, moisture and heat transfer, freezing, melting and
drying cause the destruction of the buildings.
Mechanisms responsible for typical defects as the cracking and
the spalling of facades are associated with length or volume changes
of porous materials due to moisture content or to temperature
changes [1-3]. These crucial properties are moisture and
temperature induced deformation are often less appropriate
regarding to the variable moisture content and temperature in the
masonry which leads to low durability and short service life of
surface layers. The choice of materials for surface layers
reconstructions should be estimated on the basis of knowledge of
their thermal and moisture induced deformation behavior.

2.2. Moisture and thermal deformations
Both, the moisture induced deformation and temperature
induced deformation was measured in the equipment (Figure 1, [5])
using LVTD sensor located into zerodur closed loop measurement
frame which provides the resolution of the length changes 10-4 mm,
repeatability in the temperature range from -15°C to 105°C and
from 10% to 95% relative air humidity. The sample holder is made
from stainless steel. The measurement process is PC controlled. The
measured sample has shape 1D rod (15cm x 2cm x 2cm). The
process of moisture diffusion is an inert one, and therefore the
experiments of investigation of deformations are time-consuming.
Obtaining of one measured point lasted five weeks.

Moisture expansion is often not taken into account in practical
calculations, although a higher content of moisture can lead to
hygric stress in the same range as thermal stress. [4].

The moisture induced deformation as a function of moisture
content was experimentally determined at temperatures 10°C
and 40°C .

In this paper experimental determination of the dependences of
moisture induced expansion of two commercial lime-based plasters
upon moisture at temperatures 20°C and 60°C is presented. Thermal
expansion was determined upon ambient relative humidity 40%.

The temperature induced deformation as function of
temperature was measured upon 40% environment relative
humidity.

2. Experimental methods
2.1. Basic material parameters

Fig. 1 Dilatometer for measurement of moisture and temperature induced
expansion.

All the studied samples were one year old.
Measuring the bulk density and open porosity were carried
out in this manner: Each sample was dried to remove physically
bounded water. After that the samples were placed into the
desiccator with vacuum pump from the desiccator. The specimen
was then kept under water for 24 h. The mass of each specimen (dry
sample - md, water saturated sample – ms, immersed water saturated
sample mA) was measured with 0.01 g accuracy. The volume V of
m − md
, where
the sample was determined from the formula V = s

ρw

ρw is the water density. The open porosity ψo was calculated
m − md
. The bulk density ρ was
according the formulaΨ o = s
Vρ w
calculated according the formula ρ =

md
.
V

3. Results

The pore size distribution curves were measured by mercury
intrusion porosimetry. The experiments were carried out using the
instruments Poremaster 60GT.

Basic material parameters of studied lime based plasters are in
the Table 1 and the pore distribution curves are in the Figure 2. We
can see that difference between plasters in open porosity is clearly
related to the lower bulk density of plaster with the greater pore
volume.
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Table 1: Basic material characteristics of lime plasters.
Material
Lime plaster 1
Lime plaster 2

Bulk
density
[kg.m-3]
1410
1670

Matrix density
[kg.m-3]

Open porosity
[%m3m-3]

2510
2430

39,1
34,7

very fast moisture strain grow with moisture content on low
moisture content values, about 50%RH of environment, there is a
rupture and moisture deformation rises slightly.

Fig. 4 Moisture induced strain of lime plaster 1.

Fig. 2: Pore size distribution curves of lime plasters.

At the Figure 3 we can see that the sorption isotherms of studied
plasters are different, they correlate with basic material
characteristic in Table 1 and with the pore size distribution curves at
Fig. 2. The highest value of water sorption was achieved by the
lightweight plaster 1.

Fig. 5 Moisture induced strain of lime plaster 2.

Fig. 3: Sorption isotherms of studied lime plasters.

The

measured

moisture-induced

strains ε ( ε =

∆l
l0

Fig. 6 presents the dependence of the thermal expansion of lime
plasters on temperature upon 40%RH of environment. These
measured values have the same order as values of moisture
deformation. The coefficients of linear thermal expansion for
plasters are from the range 6 ,2 × 10 −6 K −1 to 15 × 10 −6 K −1 [6].

,

Fig.6: Temperature induced strain of the lime plasters 2.

where ∆l = lu − l0 , l0 [ m ] - basic length of a specimen, lu [ m ] measured length of a moist specimen ) for both plasters are at the
Figure 4 and Figure 5. At the comparison of the moisture dependent
moisture induced strains at Figure 4 and Figure 5, we can see both,
that the plaster1 reached higher values of strains upon temperature
20°C and also under temperature 60°C and strains were lower
under temperature 20°C in the cases of plaster 1 and plaster 2.
By the fitting of the measured moisture induced strain data for
both plasters and under both temperatures was described the
moisture induced strain ε as a function of moisture content by
volume u [ m 3 .m −3 ] :

ε( u ) = A +

B
,
u+C

(1)

4. Conclusions

where A, B , C are fitting constants. This analytical formula moisture
induced expansion as a function of moisture content makes it
possible the formula for coefficient of moisture expansion K ( u ) as
a differentiation of the ε ( u ) function (1) with respect to u . This

The moisture and temperature induced strain were established
in this study for two lime based plasters. The most important result
of the experimental work done in this paper is that the moisture
content has significant influence on deformation which might be
induced in plasters due to moisture changes. The moisture

formula is expressed as follows: K ( u ) = − B (u + C ) . Measured
moisture induced strain values (Figure 4, Figure 5) demonstrate the
−2
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deformations might be equal as stress caused by temperature
changes.
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SIMULATIONS
Assist. prof. Dr. Eng. Stefanov G.1 , Assos. prof. Dr. Eng. Sarac V.2, Assist. Msc. Eng. Kukuseva Paneva M.3
Faculty of Electrical Engineering-Radovis, University ‘Goce Delcev’-Stip, Macedonia 1,2,3
goce.stefanov@ugd.edu.mk, vasilija.sarac @ugd.edu.mk, maja.kukuseva@ugd.edu.mk
Abstract: In this paper analysis of power converters with parallel resonant circuit by using of computer simulations is made. The full bridge
IGBT power converter is analyzing. The simulations are made in PowerSim simulation program. Calculation is the efficiency of the
converter and is made harmonic analysis of the output voltage and current. Also, is made and compare on the obtained results of the parallel
resonant converter with the results of the serial resonant converter in applications with variable RL-load.
Keywords:POWER CONVERTER, EFFICIENCY, HARMONIC DISTORTION

1. Introduction
Power converters have great application in power electronics
as in the devices for consumers (UPS, amplifiers) such and in industrial applications (driver converter, DC converter, and converter for
induction heating). Basic elements in the power converter are semiconductors switching elements: diodes, thyristors, bipolar transistors, MOST transistors, IGBT transistors and GTO thyristors, [1],
[2], [3]. The main target is semiconductors switching elements to
operate with reduced losses of switching. The choice on the resonant circuit of the output of converter provides turn on and turns off
of the switching elements in the bridge to be done at time as the
voltage is zero or the current is zero. So the losses of power from
switching are reduced, [1], [2].
Load resonant converters which used at devices for induction
heating are with serial or parallel resonant circuit [1]. The resonant
converters with serial RCL circuit are supply by a source of direct
voltage. Output power in them is regulated by the control on difference between switching (operating) and resonant frequency. The
output current of these converters, for switching frequency close to
the resonant, has the shape close to a sine wave form and then
transmitted energy is greatest. The resonant converters with parallel
RCL circuit are supply by a source of the constant current. In these
converters, output power is also regulated by control on difference
between switching and resonant frequency. The output voltage of
these converters, for switching frequency close to the resonant frequency has a shape close to a sine wave form and then transmitted
energy is greatest [1].
The process on design of the power converter is defined with
the purpose of the converter, and output load. Output load of converter defines the required output power, output voltage, output
current, and output frequency. From the physical state of the output
load on the converter depends configuration of hardware and software part of managing electronics. The work is simple if the output
load is a stationary, time able not changed, such as output load in
the mode of motor or regulated source of voltage. But the design of
converter is complicated if the physical state of the output load is a
dynamic, time-variable process and its dynamic affects on output
variables of the converter: impedance, voltage, current, power, frequency. Such output load has in power converter burdened with
parallel and serial resonant circuit in the mode of induction furnace,
[1], [5], [6]. The mode of induction furnace changes the impedance
of resonant circuit and it affects on the voltage, current and power
on the converter. So the design on the converter with such load
requires knowledge of the dynamics of the process. The design of
converter is facilitated by using on the computer simulation
programs, [5],[ 7].

The main task in this paper is the researching for operating of
parallel resonant converter with output loads whose dynamics are
changing and is affecting of sizes on the resonant circuit.

2. Power Converters at Devices by Variables RL Load
In the Fig. 1 is presented block diagram in the power converter
at device to inductions headings.

Fig. 1. Power converter at device to inductions headings.

The resonant converters used in applications where the dynamic of
the process affects on the parameters of the converter. In the paper
on the basis of a defined change on inductance and resistance on the
resonant circuit, determined of the dynamics of induction device
obtained by ELTA simulation program, is analyzed the work of full
bridge IGBT converter with parallel resonant circuit, [5].
Definition of working conditions
We analyze the processink on the work piece metal with induction heating under follow operating conditions [5]: 1.Working
piece metal 0.4% C steal 2T anneal, shape-cylinder, length 35cm,
finite system length, Rint = 3cm, Rext = 8cm, maximum temperature
is 1000ºC, time cycle is 600s; 2. Maximum output power (Smax) is
100000VA; 3. Switching frequency (fsw) 10 kHz was assumed for
the design of maximum power; 4. IGBT devices are used.
With these conditions in ELTA simulation program is define the
dynamics of the parameters (power, current, voltage, frequency,
inductance, impedance) important for the design of the converter,
[1], [5]. In Тable 1 are given the results for changing the
parameters of the system converter-inductor-work piece.

Table 1. Parameters of the system converter-inductor-work piece

% (min/max)

L (μH)

Creson (μF)

Creal (μF)

R (Ω)

Iind (A)

Uconver (V)

Pconv (kW)

ηele (%)

PF

11.89
23.93
49.6

21.4
10.6
49.5

13.9
13.9

0.37
1.14
18.4

571
238
41.7

225
285
79

92.3
65
70.4

0.76
0.96

0.5
1
50

24



From Тable 1 can be concluded:

The changing on temperature of the work piece from 20
to 1000 º C produces change on the inductance for
49.6%.

Creson is value on capacitance required for compensate
of changes of inductance for preserve the resonance
frequency from 10000Hz.

Creal is a real value of the selected capacitor.

The changing on the inductance produces change of
power of the converter for 30%.

When the inductance is minimum, the power and the
current have a maximum value.

The changing on power of the converter shows that in
such variable loads is necessary to build a system for
controlling on output power.

Construction of converter
From the results for the parameters of the induction device obtained by ELTA simulation program, in PowerSim program with
computer simulations the operating of the converter is analyzes [4].
Full bridge parallel resonant converter
In the Fig. 2 is show the circuit for simulation of the full bridge
IGBT
converter
with
parallel
resonant
circuit.

Fig. 2. Circuit for simulation of the full bridge IGBT parallel resonant converter.

In this paper the results to the parallel converter are comparing with
the results for full bridge converter with serial resonant circuit obtained in [5]. In the simulation of the two types of converters took
into consideration output power in both cases be the same.

From Fig. 3 can be seen that the output voltage in the converter
by serial resonant circuit is with rectangular form, and the output
current is with sine form, and in the converter by parallel circuit the
output voltage is with sine form and the output current is with rectangular form.
The harmonics distribution of the output voltage (voltage amplitude
spectrum) for maximum inductance and 100 % RLC load for serial
resonant converter is shown in the Fig. 4a, and for parallel converter
is shown in the Fig. 4b.

Maximum inductance
From Table 1 can be seen that when the inductance and the resistance of the circuit are maximum, the capacitance is minimum,
the output voltage of the converter is maximum and the output current is minimum. For this state, in Fig. 3 are given wave forms of
the voltage and the current of output from the converter for full (100
%) output RCL load. In the Fig. 3a is shown wave forms for the
converter by serial resonant circuit obtained to paper [5], and in the
Fig.3b is shown wave forms for the converter by parallel circuit
obtained by simulations in PowerSim program of the circuit of the
Fig. 2.

a)

a)

b)
Fig. 4. Harmonics distribution of the output converter voltage for maximum
inductance: a) for serial resonant converter, and b) for parallel resonant
converter.
b)
Fig. 3. Wave forms of the voltage and the current of output from converter
for maximum inductance and 100 % RLC load: a) wave forms for the converter by serial resonant circuit in paper [5], b) wave forms for the converter
by parallel circuit from Fig. 2.

The harmonics distribution of the output current (current amplitude spectrum) for maximum inductance and 100 % RLC load for
serial resonant converter is shown in the Fig. 5a, and for parallel
converter is shown in the Fig. 5b.
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The harmonic effective values of the output voltage for serial and
parallel converter base in figure 4 are given in the Table 2.
Table 2. The harmonic effective values of the output voltage for
serial and parallel converter and 100 % RLC load

a)

Uo(1)
(V)

Uo(3)
(V)

Uo(5)
(V)

Uo(7)
(V)

Uo(9)
(V)

Uo(11)
(V)

Uo(13)
(V)

serial
circuit

258

72

22.9

22.7

15.5

13.5

8.1

parallel
circuit

381

26.01

6.20

3.84

2.05

0

0

So voltage total harmonic distortion of the output for both converters is:
THDV = 31.7 % for power converter by serial circuit
THDV = 7.11 % for power converter by parallel circuit

b)
Fig. 5. Harmonics distribution of the output converter current for maximum
inductance: a) for serial resonant converter, and b) for parallel resonant
converter.

The current total harmonic distortion of the output on the power converter is calculates with the equation:

The voltage total harmonic distortion of the output on the power converter is calculates with the equation, [1]:
U 2 o (3) + U 2 o (5) + U 2 o ( 7 ) + U 2 o (9 ) + U 2 o (11) + U 2 o (13)

THDV =

(2)

I 2 o (3) + I 2 o (5) + I 2 o ( 7 ) + I 2 o (9 ) + I 2 o (11) + ⋅ ⋅ + I 2 o (19 )

THDC =

(3)

I 2 o (1)

Where: Io(1), Io(3), ∙∙Io(19), are effective values on the first, second,…..
nineteen harmonic. The harmonic effective values of the current for
serial and parallel converter base in Fig. 5 are given in the Table 3.

(1)

U 2 o (1)

Where: Uo(1), Uo(3),∙∙U0(13) are effective values on the first, second,…..thirteenth harmonic.
Table 3. The harmonic effective values of the output current for serial and parallel converter and 100 % RLC load
I0(1)

I0(3)

I0(5)

I0(7)

I0(9)

I0(11)

I0(13)

I0(15)

I0(17)

I0(19)

(A)

(A)

(A)

(A)

(A)

(A)

(A)

(A)

(A)

(A)

serial
circuit

199

22.2

5.2

0

0

0

0

0

0

0

parallel
circuit

153

44.53

25.12

21.16

11.16

10.50

9.84

7.40

6.84

3.95

Table 4. Total harmonic distortion on output voltage and current
at serial and parallel converter for full (100 %) RLC load

So current total harmonic distortion of the output for both converters is:
THDC = 11.5 %

THDV(%)

THDC(%)

serial
circuit

31.7

11.5

parallel
circuit

7.11

38.73

for power converter by serial circuit

THDC = 38.73 % for power converter by parallel circuit

(4)

In the Table 4 are given the cumulative results from analyze on
the tables 2 and 3 and the equations (1) and (3), and in the Table 5
are given the results from analyze in the Fig. 3, 4, 5 and Table 1.

Table 5. Parameter of the resonant circuit and output parameter at serial and parallel converter and 100 % RLC load

serial
circuit
parallel
circuit

L
(mH)

C
(μF)

R
(Ω)

Iout
(A)

Uout
(V)

Sconv
(kVA)

IDC
(A)

UDC
(V)

PDC
(kW)

PF

Pconv
(kW)

ηconv.
(%)

0.02393

10.6

1.14

225.68

287

64.77

207.18

290

60.08

0.90

58.34

97.10

0.02393

10.6

1.14

197.80

431.73

85.40

202.76

303

61.45

0.68

58.26

94.81

Affection on the pulse width of gate from IGBT of total harmonic distortion
In the Fig. 6a are shown wave forms on the output voltage and
the output current in serial resonant converter by 50% load RLC
load in case of maximum inductance, [5], and in the Fig.6b wave
forms in parallel resonant converter for same case. This wave form
are obtained with simulations on the circuit from Fig. 2 in PowerSim program.

In the Table 5 sizes are:

Uout and Iout are effective values of the output converter
voltage and current

PF is power factor of the converter




Sconv = UoutIout output apparent power
Pconv = SconvPF is output power of the converter
ηconv = (Pconv/PDC)100% is efficiency on the full bridge
converter
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4. Conclusion
In the paper is shown the procedure for construction of IGBT
bridge parallel resonant converter with computer simulations. Here
is analysis power converter with output load in mode of the induction device. Operation of the parllel converter is compared with the
operation of the serial converter. The parameter of the resonant
circuit and the required output power is obtained in the program
package ELTA, with simulation of device for induction heating. In
the analyse of the power converter is used PowerSim simulation
program. The analyzed is the operation of the converter with change
on the pulse width of the gate of IGBT transistors, as and changes
of the output voltage and the current on the converter with change
on the dynamics of resonant circuit. Also are analyze harmonics
generated from the operation of the converter and is determined
total harmonic distortion of the output voltage and current.

a)
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Fig. 6. Wave forms of output voltage and current for 50% load RLC load in
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In the table 6 are given the results for the voltage total harmonic distortion and the current total harmonic distortion obtained with
same analyze as for full output RCL load and used on the equations
(1) and (3).
Table 6. Total harmonic distortion on output voltage and current at
serial and parallel converter and 50 % RLC load
THDV(%)

THDC(%)

serial
circuit

145.0

24.6

parallel
circuit

6.5

29.9

3. Analysis of results
Based of the results in point 2 can be concluded:


Both types’ resonant converters, parallel and serial satisfy
the requirements for power and current defined in the
Table 1.



For same output power the parallel resonant converter
works with more voltage and less current of serial converter.



Also, for same output power in parallel resonant converter
power factor PF and efficiency η are smaller from serial
converter.



In the parallel resonant converter current total harmonic
distortion is greater, and in serial converter voltage total
harmonic distortion is greater.



In the converter with 50% load RCL load the voltage total
harmonic distortion in serial resonant converter is increased. The sum on effective values on harmonics is
greater than effective value on basic harmonic.



It should be noted is that in parallel resonant converter to
50% load RCL load, the output power is significantly
reduced.



In the serial resonant converter, IGBT transistors operate
with greater current (greater stress) than the parallel resonant converter for same output power.



Since the mode of inductiion device has a variable
dynamic, the converter which
operates with such a
device must monitore and regulate the output power with
adequate methods of controlling.
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STUDY OF THE CAPACITY OF A FANUC M430i-A/4FH ROBOT TO PERFORM
TECHNOLOGICAL OPERATIONS
ИЗСЛЕДВАНЕ ВЪЗМОЖНОСТИТЕ НА РОБОТ FANUC M430i-A/4FH ЗА ИЗПЪЛНЕНИЕ НА
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Abstract: A work environment for modelling, simulating and performing various technological operations (milling, drilling, etc.) has
been created using hardware developed to include a Fanuc M430i-A/4FH robot and specialised software Roboguide. As a result of the
study, guidelines have been developed for the software and hardware improvement of the system in order to enhance its use both for the
purposes of training and research.
Keywords: INDUSTRIAL ROBOT, OPERATIONAL ROBOT, VIRTUAL MODEL, TECHNOLOGICAL OPERATION

1. Introduction
The kinematic and dynamic capabilities, the level of control
systems, and using of a high quality and reliable element base of the
modern industrial robots provide great opportunities for the
realization of complicated trajectories with high accuracy. This
tendency provides the expansion of robot functionalities which are
not frequently mentioned in the documentation.
The goal of the present article is to study the capacity of a
FANUC M430i-A/4FH robot to perform a various technological
operations (grinding/polishing, milling, boring/turning, drilling,
etc.). An additional unit [1] and specialised software
(ROBOGUIDE [2]) are used to support the robot. In other words,
can a universal robot work as a operational? If “yes” – to what
extent? If “not” – what is missing and can it be done?

Fig. 3 Virtual model of the work scene.

From other side, to ensure environment space equivalence and
correct distances between the objects, a calibration of the virtual
model is required. There are a few ways to accomplish this task. In
the particular case, a gripper reference point is visualized, using an
additional device and reading data from motor pulse coders of each
axis. Then the coordinates are imported to the ROBOGUIDE
model.

In the Fig. 1 the CAD model of a test part is shown. As can be
seen from it, suitable operations for creation of that geometry
features are drilling, milling and grinding. The work piece material
is polyethylene PE, Fig. 2, it is chosen in accordance with the
allowable payload of the robot wrist.

After completion of the calibration procedure, the development
of the programs can start. The method of the path planning begins
with the part geometry features recognition (holes, channels,
pockets, etc.). Then from part documentation, cutting feed rates and
other technology information must be collected.

Fig. 1 CAD model of the test part.

The robot’s work motions, and the logical structures of the
programs, are dependent from the part geometry. The required
operations should be divided in the groups by the tool type, feed
rate, recurrent features or patterns in the different planes. Usage of a
logic statement for iterative operations increases the time and
efficiency of programming, improving the readability of the
programs. Conditional compare instruction, such as IF and
SELECT, compares the value stored in register with another value,
which can be specific parameter for the operation (number of
features, cutting speed, etc.) and after the comparison a specific
processing can be executed. With this capability to indirect defining
parameters, a single logical program can be used for multiple
operations by specifying of required arguments.

Fig. 2 Work piece.

2. Setting the experiment
To make the process simulation possible, first thing to be done is to
create a virtual model of the real facility in ROBOGUIDE (Fig. 3).
That model provides the ability to define all objects around the
robot and create an accurate visualization of the whole system.
Setting relations between the objects facilitates process planning,
programming, and verification via computer animation. The
software [2] includes capability to create a trajectory, based on
CAD model features, providing an automated path generation
which is very helpful for welding, dispensing and other
applications.

According to the initial conditions of the experiment, the tools
are mounted stationary on a plate and robot carries the work piece.
To perform the motion over the programmed trajectory a set of
points and type of the motion trough them must be specified. There
are a few transition types between the stored points of a trajectory.
In Fig. 4 a way for specifying the transition trough adjacent points
over programmed trajectory via approximation factor is shown.
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developed by FANUC, includes high-level integrated functions.
This enhances the ease of the reading programs. The controller
provides the subsequent translation of the instructions, sended to the
axes drives.

Fig. 4 Transition types between adjacent points.

Other motion instructions are also required to establish the
desired behavior of the robot. Such instructions can be speed
definition and additional motion instructions, which are related with
the overall performance of the arm.
It is important to note that transition from point to point of the
trajectory must have a consistent configuration, otherwise it can
cause inability to execute the motion instruction because of the
control unit generates errors. The configuration of the robot refers
to the actual construction of the arm, desired location to move, and
system variables of the controller. A member of the construction
constraints, for example, is the number of controlled axes (Fig. 5).
The program in depth is a set of instructions, defining the points
forming the path, and branch instructions to control the order of
execution of movements depending on specific requirements for the
task. Every movement of the robot is determined form the origin of
the robot (the crossing point of first two axes). By the data collected
via encoder of every axis and the dimensions of the arm links,
which are known, the controller obtains the location of the robot
effector. To fully define the desired trajectory two additional points
should be taught. First one is related to the device attached to the
end-effector, representing the tool centre point, and second – point
which specifies the instrument centre point. Thus, the control unit
computes all displacements for the each axis. The procedures for
definition of an instrument and tools are integrated in the
controlling unit. There are 3 methods, by teaching 3 or 6 points and
direct input for coordinates. For the particular case, the last method
is chosen, because the CAD model of the gripper is available. The
instrumental coordinate systems are trained via 3 point method. All
coordinates are in a Cartesian representation.

Fig. 6 Operation sequence.

A machining experiment was conducted to the test the robot [2]
capabilities for operational proposes. Sixteen programs were
developed in total:
- Supporting programs: GRAB; DROP; PICKnDPHOME;
DPHOMEnDROP - for operating the gripper, pick (or place after
machining) work piece in specified place and positioning above the
cutters.
- Drill operation programs: DRILLG, DRILLF, SD8, SD5 (№ 1
and 2, Fig. 6).
- Operations for channel milling: CHANTF, SIDECH,
CHANSTEP1, CHANSTEP2 (№ 3, 4, 7 and 8, Fig. 6).
- Chamfering programs: CHANT, CHANT2 – (№ 5 and 6, Fig.
6).
- A program for machining pocket in the side surface of the
work piece: POCK (№ 9, Fig. 6).
- The main program is TECHPROCES, which specifies the
sequence of the operations.
In Fig. 7, 8 and 9 are shown the logical structure, a part of the
program and the real execution of CHANSTEP1 operation.

Fig. 5 Taught positions in ROBOGUIDE.

Three cutting tools are used for the experiment. That requires
teaching of 6 user frames (Cartesian). The reason for use 6, instead
of 3 user frames, is that the end-effector cannot keep constant the
attitude of the work piece when J5 axis is lying in XY plane.

Fig. 7 CHANSTEP1 block-logic.

The creation of the robot’s programs is performed via teach
pendant (teach pendant programming). The programming language,
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4. To establish capabilities for complete process execution is
required to expand the system functionality by using active control
peripheral subsystems.
5. To create, or modify, path planning algorithms for
automation of the programming.
6. To expand software [3] capabilities is required to develop
software integration for some existing CAD/CAM products (e.g.
SolidWorks).
7. To establish a direct robot control via the communication
interface between PC and the robot controller.
8. To develop databases containing algorithms for optimizing
the system capabilities during the development of new
technological processes, programming and their realization.
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Fig. 8 Code segment of CHANSTEP1 program.
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Fig. 9 CHANSTEP1 execution.

After the completion of teaching and calibration procedures a
test execution is performed (Within ROBOGUIDE and in a real
controller test mode). Any corrections are implemented if
necessary. All programs and variables used should be transferred
from the software to the robot controller via the communication
interface (RS-232 or Ethernet) or an USB drive.
The results from the tests conducted allow a primary evaluation
of the implementation capabilities of a FANUC M430i-A/4FH
robot for technological operations, and guidelines for system
improvement.

3. Conclusions
1. With certain limitations, a FANUC M430i-A/4FH robot can
be used for various machining applications (milling, boring/turning,
drilling, grinding/polishing, etc.).
2. The developed system, based on a FANUC M430i-A/4FH
robot can be used both for the purposes of training and research.
3. To expand the robot capabilities for technological operations
is required: establishing end-effector to execute continuous rotation
about J5 axis (>5400); improving the arm stability for cutting forces
above 40N (4kgf) to increase the feed rates and improvement of
repeatability as well.
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For global similarity measure the following metrics are most
used: weighted Euclidian distance, Manhattan’s metric, Humming’s
metric, Tversky’s metric, Tchebishev’s metric, and minimum or
maximum metrics etc.

1. Introduction
The methodology of Case-Based Reasoning (CBR) for solving
problems or tasks, based on already known past decisions of same
problems, is predicated on the hypothesis that similar problems
have similar solutions [1]. CBR is a part of artificial intelligence,
connected to automation of reasoning based on cases, current
problem formulation, searching of one or more solved in the past
similar cases and adaptation of old solutions to the current problem.
In this paper a deep comparative analysis of software
frameworks myCBR 3 and CBR Works is made. The main purpose
of this analysis is to determine whether these software frameworks
are applicable for the development of CBR applications in the area
of predictive diagnostics and maintenance.
The frameworks myCBR 3 and CBR Works are chosen on base
of detailed previous research, published in [2,3] of most distributed
and used in practice commercial and non-commercial software tools
for CBR, such as CBR Works [6,8], myCBR [7], COLIBRI Studio
[11], FreeCBR, CAT-CBR [5] etc.

Fig.1 Classical Case-Based Reasoning R4 circle

Reuse – reuse of the solutions of chosen in the first step one or
k-nearest neighbors.
- When only one nearest case is chosen, the solution of the new
problem snew will be the solution of the chosen case sNN.
- When k-nearest neighbors are chosen, the solution of the new
case is calculated on the base of adaptation of k-nearest neighbors’
solutions or a part of them.
Revise – validate new solution made on the Reuse stage. This
validation and test is mostly done by an expert or it is made based
on simulation researches if there is a mathematical model available.
Retain – saving (retaining) the new solution (learned case) in
the Case Base for future use, if it is successful

1.1 Description of CBR reasoning mechanism
The stages of reasoning in CBR systems, based on cases, are
known as classical R4 cycle. Cases are the main objects in CBR
systems. Each case represents expert knowledge of a solved
problem in a specific domain. The case can be represented either as
a free text, containing a list of question and answers, or as a
structural type when the case is represented as a record or object in
the reasoning data base (Case Base).
All structural cases are described as a pair of problem-solution
[1]. The problem pi = (ai, vi) is organized as a structure of attributes
and values, described by the attribute vector ai = (ai1,ai2,…,air) and
the value vector vi = (vi1,vi2,…,vir)
The solution si can be represented in the same way by number
of solution attributes and their values. In some cases the solution
can be presented as vectors, defined by the specific tasks. For
example in multidimensional supervised control tasks, the decision
includes two vectors si = (spi, pri), where the first vector spi = (spi1,
spi2,…,spiq) consists of controllers sets on first hierarchical level,
and the second pri = (pri1,pri2,…,prim)– values of the target
parameters, corresponding to the sets.
For solving an actual problem, the following 4 main tasks of
CBR R4 cycle are iteratively performed (Fig. 1) [1, 2, 3]:
Retrieve – process of extraction of one (nearest neighbor) or a
group of cases (k-nearest neighbors) having closest definition to the
current problem. The global similarity between the problems of
these cases (the new pnew and the one in the case base pj) is
presented by following expression:
n

sim(p new , p j ) = ∑ w i sim i (p new i , p ji ) , and
i =1

2. Comparative analysis of myCBR 3 Workbench
and CBR Works platforms
The analysis of mentioned software frameworks is aimed to
compare their capabilities for implementation of real-time and
diagnostic CBR systems and takes into account following features:

Type and level and availability of software documentation;

Required knowledge to use the software;

Software support, updates and new versions;

Presence of graphical User Interface (GUI);

Internal description of the cases (problems and solutions);

Type of similarity functions (SF);

Support of all parts of R4 of the CBR circle;

Support of different case-base DB (data bases);

Clusterization and indexation of the cases;

Visualization of the cases;

Application of software in specific scientific areas

Support of interfaces to diagnostic or real-time systems;

Support of fat and thin clients

n

∑ wi =1
i =1

Where wi is the weight of i-th attribute 0 ≤ w i ≤ 1
and
sim(pnewi, pji) is the local similarity between i-th attributes of the
cases.

MyCBR 3 Workbench [7] is one of the most popular CBR
software applications. It is an open source platform written in Java,
accessible to all users as SDK. MyCBR 3 Workbench is a
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standalone application with certain capabilities and limitations. It is
a successor of myCBR 2.6.6 plug-in of open source ontology editor
Protégé [9]. MyCBR 3 is developed by the German Research
Center for Artificial Intelligence DFKI [7]. Using SDK (Software
Development Kit) to support thin (Web-based) or fat (standalone)
CBR applications. Its programming code is well documented. The
purpose of myCBR 3 is to minimize the efforts to create CBR
applications. For its normal use, without modifying the source code,
no programming skills are required, but expertise in a specific
CBR-domain. Work with the platform and its features are described
in the tutorial, available at [7]. At present time (May 2015) new
versions 3.1 and 3 of myCBR are available for most popular
operating systems.
The framework myCBR 3 supports description of cases with
various attributes: numeric, symbol and string, logical, taxonomy
type, etc. The templates of the cases are generated as concepts with
number of attributes (Fig. 2.). It is possible one attribute itself to be
a new concept with its own attributes. This way an object-oriented
structure of the case can be implemented.

assigned an attribute with the same name (See Table 1). For each
row of the CSV file a new object (instance of the concept) is created
in the Case-Base DB. Unfortunately, when cases are imported from
CSV file the maximum-minimum range of variance of each
attribute is calculated automatically on the basis of the maximum
and minimum values for this attribute in all available cases, so the
retrieval of solution for a new case with attribute out of this range is
impossible. In this case manual modifications of mentioned ranges
are required.

Fig.4. Applying Symbol attribute similarity function via GUI

Fig.5. Applying taxonomy similarity function via GUI

When the instance of the case is created manually several steps
have to be undertaken. First a Case Base have to be created by
selection of the tab Case Bases in the upper right part of the
. Then to select
myCBR 3 application
tab on the bottom left
Case Base
and to provide name of
window; to press icon Add Case Base
Case Base DB for case-instances. Next step is to add (create) an
instance by selecting tab Instances and pressing icon (a little bit
confusing) Add Case Base. A new instance with name
corresponding to the concept is created in left bottom window. With
left mouse click on the created instance a form for adding case
values is opened. In contrast to the forms in myCBR 2.6.6., here the
attributes are sorted alphabetically which makes problems, if you
have to take them, for example, from excel table.
With regard to maintenance of CBR 4R cycle phases, myCBR 3
supports only Retrieve and Retain. During the Retrieve phase all
cases are extracted. They are presented sorted by degree of
similarity based on the chosen global SF. The Query to the casebase DB could be done on the basis of all or part of the attributes,
describing the new case.
Again, in contrast to myCBR 2.6.6 here on Retain phase it is
impossible to save the Query as a new case or to use an old case as
a basis for new Query.
MyCBR 3 does not work with external DB. It stores the cases in
project file with unknown format. Authors of myCBR 3 claim that
the concept template with attributes and local SF can be exported to
other CBR platforms (COLIBRI Studio) but information how to do
that is not available in the tutorial slides. MyCBR 3 can not support
the case indexation and clusterization. The cases can not be
graphically presented in the GUI. No interfaces to external systems
and DB are available in myCBR3. It is valid regarding the
interfaces to real-time or diagnostic systems.

Fig. 2 Definition of concept and its attributes

In my CBR 3 the concept is a part of the CBR model which
contains case attributes, global and local similarity functions and a
textual concept description. It contains as well the weight of each
attribute and information whether it is discriminant or not (part of
the problem or part of the solution). The weight determines the
significance of the attribute in relation to others. Attributes with a
weight of zero (0) or discriminant value of false are not considered
when searching the case-base DB.
The CBR cases are objects of the concept-class described by its
attributes' values.
In myCBR 3 are given the opportunities to select the similarity
functions (SF) on concept level (global SF) and to edit it on
attribute level (local SF). At the concept level the SF are: Weighted
sum, Euclidean difference, Maximum or Minimum distance. On
attribute level the SF can be modified through the GUI, as shown
below in the middle of Fig. 3 and they can be symmetrical,
asymmetrical, step-type or smooth step-type, linear or polynomial.
Special symbol (Fig 4) and symbol taxonomy (Fig 5) SF are
available for attributes of non-numeric types.

CBR-Works 4.3.0 [12] is a standalone application - shell
intended to various CBR applications. There is no information
about the programming language used for its development, but
because it is using a kind of virtual machine it can be concluded that
it is mostly Java-based. It is a product of Empolis Knowledge
Management GmbH., Kaiserslautern, Germany, supported by
ESPRIT project INRECA and Humboldt and Kaiserslautern
Universities. The framework is built to support the full R4 CBR
cycle and all related, processes as modeling the cases, attributes, SF
and rules related to case attributes; support of its own Case Base, as
well ODBC connections to databases from which it can import
collected knowledge (cases from DB-tables); retrieval and filtering

Fig.3. Editing the local similarity function via GUI

In myCBR 3 the cases and their attributes can be created
manually or automatically. The automatic generation of attributes is
done during the import procedure from the Comma Separated Value
/CSV/ file. Then to each column name from the CSV file is
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the cases; providing server capabilities to thin Web-based client,
etc. CBR-Works is GUI based application providing four managers
to support all CBR knowledge modeling activities-Concept
Manager, Type Manager, Case Explorer and Case Navigator.
The Concept Manager can be used to create concept model of
the cases. It supports standard attributes (right part of Fig. 6) and
object-oriented structures as hierarchical sub-concept trees (left part
of Fig. 6). Each concept has its own description and annotation
provided by tab Properties, global similarity (Average, Max, Min,
Euclidian or Custom defined) and related rules (Fig. 7 - used for
adaptation of the case in revised and reuse stages), as well questions
regarding every attribute.

Fig. 9. Explorer Manager Input data for an instance (case)

As it is mentioned above the CBR-Works supports full R4 CBR
circle. It provides completion and adaptation rules. The completion
rule can be used to complete an existing case attributes or a query.
The adaptation one is applied to derive a new result case from the
query and retrieved cases (Fig. 10). Both rules are based on
precondition ad conclusion part related to the IF-THEN clause in
the programming languages. The rules are related to specific
attribute and how its value can be set in when certain condition or
conditions are fulfilled or not. For consistent rules definition a
specific Knowledge Engineer experience is required in the domain
of CBR application. Except that no special programming skills are
needed to model and develop a CBR system.

Fig. 6. Concept Manager View

Each concept attribute is described by name, type, weight
discriminat and mandatory fields, as well its annotation and
questions related to it. The mandatory checkbox is used to define
whether the attribute can be used in confirmed cases. In CBRWorks each case can be in one of the four states: - unconfirmed
(new case - not used for retrieval before testing); confirmed (used
for retrieval); protected (its attributes cannot be modified) and
obsolete (old case- not used for retrieval).

Fig. 10 Adaptation of the cases based on rules

CBR-Works does not support clusterization and indexation of
the cases in the Case Base but it supports import via ODBC from
extern databases, as well export to XML files of concept model,
Case Base and the Rules. The product can be configured as server
that can be accessed via Web-based thin clients. It means that third
party diagnostics or real-time control systems can be connected to
CBR-Works via provided interface.
After last version 4.3.0 CBR-Works is no longer supported or
further developed but new CBR solutions and knowledge
management systems are available on the company site.
Nevertheless the product is well documented and some example
CBR applications for training purposes are provided together with
the product files. Free license code of the product can be obtained
after registration on Empolis site.

3. Example with results

Fig. 7. Rules specified for attributes of concept Business Car and Sedan

There are two CBR applications developed with myCBR and
CBR Works for solving the problems related to the diagnostic of a
Pierce-Smith converter. It is used for copper converting in
metallurgy. The converter, periodically, (after 300-400 melts) can
be repair. Decision to stop it for repairing, depends on the uneven
thinning of its fireproof walls, number of working tuyeres and other
factors. All data is processed using the methodology described in
[10]. All cases concerned to the converter are given in table 1.
Column A is a case Id, columns from B to J describe the problem
attributes of the cases and column K–the decision attribute RUL isRemaining Useful Life or after how many melts to stop the
converter.

The Type Manager is responsible to define the types of the
user-defined attributes' and their similarities. Standard numerical
and symbol and string types are supported, together with used
defined interval or subset types. User defined taxonomy types,
ranges and SF are easily edited via Type manager ( Fig 8).

Table 1 Case-base data set

Fig. 8. Editing taxonomy similarity via Type Manager

The Explorer Manager can be used to create instances (Fig. 9)
of the cases and to add them to the case base or to edit by attribute
value edit or. From this manager the state of the cases can be
modified or some case to be selected as a query case for retrieval.
The Case Navigator can be used for retrieval either using some
available in the case base case or using retrieval wizard and typing
some or all attributes' values. The results are sorted by highest
similarity. Some results are presented in the next chapter on Fig 15.

First application is implemented on myCBR. On Fig. 11 the
Predictive Diagnosis concept (on left upper part ) and its attributes
are presented, as well the definition of global (upper right part Euclidian) and local similarity of these attributes (right most
column SMF). The discriminant and weight columns describe
whether certain attribute can be used in the retrieval (true) or not
(false) and its importance of query (weight).
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4. Conclusions
MyCBR 3 platform can be used for non-complex CBR
applications development with partial CBR R4 cycle and with small
number of cases. For development of CBR application with myCBR
3 no programming skills are required, only expert knowledge in the
professional or scientific domain in which the CBR system is
intended. Some design knowledge for case modeling is also
desirable. MyCBR is not suitable for application with many
attributes, as well with solution attributes containing large amount
of text, especially when they must be visually presented in one
window. Usage the GUI of myCBR 3, especially for Case Base
modeling and case-instance generation is confusing in contras with
previous myCBR versions. The retrieval procedure does not work
correctly with partial number of problem attributes if Special Value
of the attributes whose value is not set explicitly. In this case
Special Value must be set to _undefined but not to _unknown
(which is default). In myCBR 3 is not possible to update the Case
Base with the current query (new case) automatically. It must be
done manually. The same is valid if you need to use old case for
retrieval.
CBR-Works 4.3.0I can be applied for development for both
non-complex CBR applications and complex supporting the full
CBR R4 cycle. Development of complex applications however
requires Knowledge Engineer experience, especially for synthesis
of adaptation rules and their usage. The GUI of CBR-Works
provides larger and better functionality for concept (case) and Case
base structure modeling and retrieval, than this one in MyCBR.
Filtering, query wizard, using a case from Case Base as a query and
navigation over retrieved cases is also better than in myCBR. The
product support work with external databases, as well import or
export of the case base, concept and rules models data. As myCBR
the CBR-Works also is not suitable for case modeling with
attributes containing large text fields.
Based on the examples, given above, it is obvious that CBRWorks GUI and the support of external interfaces overmatches
myCBR 3 and gives more options for weights and SF type
modification of attributes and cases. This is of great importance for
query adjustment and refining the case base. An advantage of
myCBR is that is an open-source SDK and its code can be easily
modified to the specific customer needs, but last one requires good
programming skills. However, both frameworks can be used for
development of CBR systems intended to diagnostics.

Fig. 11 Definition of the Predictive Diagnostic class properties

Figure 12 shows the results of the query to the case-base DB
when we have a new case-problem. Upper left part on the figure
contains the query values of some attributes describing a new
problem. Upper right part contains all cases in the case base
database sorted on the base of their proximity to the queried case..
In the estimations of the proximity the local and global SF are taken
into account. Bottom part presents first four cases with highest
proximity.

Fig.12 The results after the query to the case base DB

Figure 13 shows attribute definition in analogical CBR
application, made with CBR Works.
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Fig.13 Definition of the attributes in CBR Works

On Fig. 14 setting the local similarity is presented and on Fig 15
the retrieval of results of similar query as shown on fig. 12.

Fig. 14. Editing the similarity function for CRV attribute

Fig. 15. Retrieval of results after the query to the case base DB
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as continuant, process and boundary and relationships such as
“is_a” (for subtype) and “part_of” [1, 2]. The most popular toplevel ontologies, useful for the biomedical domain are DOLCE
(Descriptional Ontology for Linguistic and Cognitive Engineering)
[3] and BFO (Basic Formal Ontology) [4]. DOLCE is a high-level,
domain-independent conceptual framework for representing
meaning. BFO is a foundational ontology that aims to adopt the
structural vocabulary introduced for the characterization of DOLCE
as it concerns universals, without fussing about the modal
interpretation [3, 1]. The next category includes ontologies, which
contain core concepts of a given domain and is working as an
interface between the top-level and different domain categories.
Some of the most popular representatives of this category are
UMLS (Unified Medical Language System) [5] and GALEN
(General Architecture for Languages, Enclopedias and
Nomenclatures in Medicine) [6]. UMLS support the development of
computer systems in biomedical domain, based on the UMLS
Knowledge Sources, composed of Metathesaurus, containing
information about biomedical and health-related concepts, their
various names, and the relationships among them; Semantic
Network, providing consistent categorization of all concepts
represented in the Metathesaurus and the SPECIALIST Lexicon
including many biomedical terms in English. GALEN is one of the
first attempts for representing coded patient information and uses
common reference model for representing medical concepts.

1. Introduction
The biomedical domain is distinguished by rapidly and versatile
implementation of the achievements of ICT. Significant and with
continuous rates increases the amount of accumulated and used
information which increasingly is stored in a different size,
complexity, levels of abstraction, perspectives and areas of
application databases and lexical glossaries, directories and
ontologies. Particularly strong growth marks represention of
biomedical entities, their terms and relations in form of
vocabularies, terminologies and ontologies. Some of them contain
overlapping information and some application may require a
domain ontology which spans several ontologies. “Ontology
integration” consists in establishing relations between concepts
belonging to different ontologies. The effective use of this
information stored on different sources, in different forms and
formats is essential.
Biomedical ontologies provide essential domain knowledge to
drive data integration, information retrieval, data annotation,
natural-language processing and decision support. The main aim of
the proposed paper is to suggest an ontology based approach
supporting the data and information integration in the biomedical
domain based on the concept of Linked Open Data supported by
Linked Open Vocabularies (LOV) [http://lov.okfn.org/dataset/lov]
and
the
OWL
version
of
schema.org
namespace
[https://schema.org/docs/documentation/html], enhanced with the
D2RQ platform for RDB2RDF transformation.
The paper is organized in 5 parts. After the introduction, in part
2 a short overview of existing biomedical ontologies, classified in
four basic categories, is given. The third part of the paper discusses
the approaches and problems by data and information integration. In
Part 4 the suggested approach for ontology based data and
information integration is described. Applicability of the suggested
approach is illustrated with a case study in part 4. Finally some
conclusions are made.

“real ontology”
(FMA,…)

controlled vocabulary
(GO, ICD-10, SNOMED-CT,…)

2. Short overview of biomedical ontologies
Too many research efforts have been made in the biomedical
domain for creation and use of different in type and size ontologies.
Most of current biomedical ontologies are principally taxonomic
hierarchies with sparse relationships. Four basic categories of
ontologies are in use in the biomedical domain, as shown in Fig.1:
top-level ontologies or upper-level, upper-level domain ontologies,
domain ontologies and application ontologies.

Fig.1: Biomedical ontologies classification
The largest category of ontologies in biomedical domain is this
of domain ontologies, which represent knowledge about particular
part of the world in a way that is independent from specific
objectives, through a theory of the domains [1]. In reality, the
number of real ontologies is not large. Therefore, they are
considered two subgroups: real ontologies and controlled
vocabularies. Representative of the first subgroup is the
Foundational Model of Anatomy (FMA) [7, 8] that represents

The top-level ontologies are one of the main pillars used as a
formal foundation for building domain ontologies. The primary
purpose of top-level ontologies is to describe the general concepts
through a framework of axioms and definitions or categories such
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declarative knowledge about structural organization of the human
body with the intent of expanding the anatomical content of UMLS.
The next subgroup includes the so called “controlled vocabularies”
which are purpose-oriented and designed to meet particular needs,
such as annotating biological databases (Gene Ontology (GO) [9,
http://www.geneontology.org] and other OBO (Open Biological and
Biomedical ontologies) ontologies [http://www.obofoundry.org/])
or medical records (ICD-10 [http://www.who.int/classifications/icd/en/],
SNOMED CT [http://www.ihtsdo.org/snomed-ct]). OBO are set of
orthogonal interoperable reference ontologies for biomedical
domain built in the frame of OBO Foundry based on BFO, such as
GO. GO as a part of OBO provides structured, controlled biological
terminology that describes gene products in terms of their
associated biological processes, cellular components and molecular
functions in a species-independent manner. Medical records are
presented by ICD-10 that is the 10th release of International
classification of diseases, disorders, injuries and other related health
conditions, and is used in clinical care, research, health care and
globally for statistics and trends. The ICD-10 defines the universe
of diseases, disorders, injuries and other related health conditions.
One of the most comprehensive, semantically accurate, multilingual
clinical healthcare terminologies in the world is represented in
SNOMED CT, developed by IHTSDO (International Health
Terminology Standards Development Organisation) and is used
across all health systems, services and products in the world. The
ontology concepts represent terms and processes that capture the
meanings associated with healthcare related observations,
procedures, functions and therapies. The NCI (National Cancer
Institute) Thesaurus [http://bioportal.bioontology.org/ontologies/NCIT] is
a description of logic-based terminology for clinical care,
translational and basic research, public information and
administrative activities, and is available on the NCI Term Browser
[https://nciterms.nci.nih.gov/ncitbrowser/pages/].

Vocabularies (LOV) as a central information point about
vocabularies is symptomatic of a need for an authoritative reference
point to aid the encoding and publication of data. The definitions of
terms (classes, properties, or instances) provided by the LOV
vocabularies bring clear semantics to descriptions and links thanks
to the formal language they use, providing the semantic glue
enabling data to become meaningful data. Vocabulary terms are
identified by public URIs and can be linked inside a vocabulary and
across vocabularies. The latest version of the Ontology for
Biomedical Investigations (OBO) in LOV is from 01.08.2015. The
large and growing set of terms in the schema.org namespace
includes (and references) many established terms. Health and
medical types in the schema.org (“MedicalEntity” and subtypes) are
useful for content publishers that wish to mark up health and
medical content on the web.

The application ontologies, describes the semantic of a single
information resource and are useful for terminology – oriented
applications. For example the Medical Entities Dictionary (MED)
[http://med.dmi.columbia.edu/] is a concept-oriented metadata
dictionary in use at New York Presbyterian Hospital (NYPH) and is
a repository of medical terms arranged in a semantic network. The
concepts contained in MED include those from ICD-9CM, UMLS
and LOINC. Another application ontology, designed to integrate
terminologies and databases with applications in natural language
processing and information retrieval, is LinKBase® [10].

Fig.2: Ontology matching

A key factor in the reusability of data is the extent to which it is
well structured. Ontologies are succeeding to a large degree as a
knowledge representation and data integration. Ontology matching
is a solution to the semantic heterogeneity problem. It finds
correspondences between semantically related entities of
ontologies. In [12] ontology matching is formalized based on a
unified account over a lot of previous works. The matching
operation determines an alignment A′ for a pair of ontologies O1
and O2 as shown in Fig.2.
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An alignment is a set of correspondences between entities
belonging to the matched ontologies. Alignments can be of various
cardinalities: 1:1 (one-to-one), 1:m (one-to-many), n:1 (many-toone) or n:m (many-to-many). Given two ontologies, a
correspondence is a 4-uple <id, e1, e2, r>, such that: id is an
identifier for the given correspondence; e1 and e2 are entities, e.g.,
classes and properties of the first and the second ontology,
respectively; r is a relation, e.g., equivalence (=), more general (⊒ ),
disjointness (⊥), holding between e1 and e2. The correspondence
<id, e1, e2, r> asserts that the relation r holds between the ontology
entities e1 and e2. Correspondences have some associated metadata,
such as the correspondence author name. A frequently used
metadata element is a confidence in the correspondence (typically
in the [0, 1] range).

3. Ontology based data and information
integration
As discussed in the above part of the paper, there exist a lot of
different specialized biomedical ontologies, databases, information
systems, applications, semantic nets that combine data from several
sources, each of which is accessed through an API specific to the
data provider. The existence of a specialized API for each data set
creates a landscape where significant effort is required to integrate
each novel data set. Consequently, data returned from Web APIs
typically exists as isolated fragments, lacking reliable onward links
signposting the way to related data [11]. The applied approaches for
data and information integration based on reference models and
semantic nets fail to achieve a high degree of integration.

4. Description of the suggested approach for data
and information integration
The approach suggested in this paper in order to represent and
integrate different biomedical data in RDF employing the
standardized and widely used vocabularies as well as the publishing
term definitions via the Linked Data principles.
4.1. Linked Open Data

Linking biomedical data distributed in different models and
representations requires a standard mechanism for specifying the
existence and meaning of connections between items described in
this data. The concept Linked Data is introduced by Tim BernersLee as unique identification and links between heterogeneous web
resources to detect and retrieve information. Linked Data Platform
1.0 (W3C Recommendation since 26 February 2015) defines a set
of rules for HTTP operations on web resources to provide an
architecture for read-write Linked Data on the web. Linked Data
Platform combines a common data model, a standard mechanism to
access the data using the HTTP protocol, HTML hyperlinks and
approved shared domain vocabularies. The success of Linked Open

The Linked Data approach offers significant advantages over
current practices for creating and delivering biomedical data.
Linked Data and especially Linked Open Data is sharable,
extensible, and easily re-usable [13]. It supports multilingual
functionality for data and user services, such as the labeling of
concepts identified by language-agnostic URIs. Linked Data is
expressed using standards such as RDFS, SKOS, and OWL, which
specifies relationships, integrate information from multiple sources
and are able to infer new information from a set of asserted facts.
Quite often, the RDF/OWL ontologies might be automatically
generated from legacy data sources such as spreadsheets, XML files
and databases.
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• “MedicalIntangible” - is a utility class that serves as the
umbrella for a number of 'intangible' things in the medical space;
• “MedicalProcedure” - is a process of care used in either a
diagnostic, therapeutic, or palliative capacity that relies on invasive
(surgical), non-invasive, or percutaneous techniques;
• “MedicalRiskEstimator” - is defined as "Any rule set or
interactive tool for estimating the risk of developing a complication
or condition";
• “MedicalRiskFactor” - is anything that increases a person's
likelihood of developing or contracting a disease, medical
condition, or complication;
• “MedicalSignOrSymptom” - is any indication of the existence
of a medical condition or disease;
• “MedicalStudy” - is an umbrella type covering all kinds of
research studies relating to human medicine or health, including
observational studies and interventional trials and registries,
randomized, controlled or not;
• “MedicalTest” - is any test, typically performed for diagnostic
purposes;
• “MedicalTherapy” - is defined as medical intervention designed
to prevent, treat, and cure human diseases and medical conditions,
including both curative and palliative therapies;
• “SuperficialAnatomy” - consists of anatomical features that can
be observed by sight (without dissection), including the form and
proportions of the human body as well as surface landmarks that
correspond to deeper subcutaneous structures.
• “MedicineSystem“ - is an enumeration class for systems of
medical practice: “Western conventional”, Homeopathic,
Osteopathic “Traditional Chinese”, etc. The property
“MedicalCode” for the “MedicalEntity” can be taken from a
controlled vocabulary or ontology such as ICD-9, DiseasesDB,
MeSH, SNOMED-CT, RxNorm, etc.

4.2. D2RQ open source software platform
The approach does not exclude the legacy databases and
traditional Web content, because RDF serializations can be
generated on-the-fly and present data from multiple datasets as if it
were within a single database.
The D2RQ [http://d2rq.org/] is open source software platform
for accessing relational databases as virtual, read-only RDF graphs.
It offers RDF-based access to the content of relational databases
without having to replicate it into an RDF store. D2RQ platform
consists of:
• D2RQ Mapping Language - declarative XML-based language
for describing the mapping between the relational schema and OWL
/ RDFS ontologies;
• D2RQ Engine - plug-in in Jena Framework (Java environment,
providing software tools and libraries for the Semantic Web and
Linked Data), which uses D2RQ Mapping Language to rewrite
queries in SQL to the database;
• D2R Server - HTTP server that allows HTML links to data and
SPARQL endpoint to query the data.
D2RQ Mapping Language creates a mapping file, analyzing the
database scheme as each table is transformed into a new RDF class
with the same name and each field is transformed into property data
type. D2RQ Mapping Language also creates Uniform Resource
Identifiers (URIs) of the database data. D2RQ platform can be used
for: (i) query a non-RDF database using SPARQL, (ii) access the
content of the database as Linked Data over the Web, (iii) create
custom dumps of the database in RDF formats for loading into an
RDF store, (iv) access information in a non-RDF database using the
Apache Jena API.
4.3. OWL ontology of schema.org
The scope of medical terms in schema.org is broad, and is
intended to cover both consumer- and professionally-targeted health
and medical web content; as a result, any particular piece of content
is likely to use only a subset of the schema. “MedicalEntity” in
schema.org is not intended to define or codify a new controlled
medical vocabulary, but instead to complement existing
vocabularies and ontologies. As a schema, its focus is on surfacing
the existence of and relationships between entities described in
content. The schema does provide a way to annotate entities with
codes that refer to existing controlled medical vocabularies (such as
MeSH, SNOMED, ICD, RxNorm, UMLS, etc).
The class “MedicalEntity”, the most generic type of entity
related to health and the practice of medicine is presented in Fig.3.
The owl version of “MedicalEntity” class consists of 17 subclases:
• “AnatomicalStructure” - consists of subclasses defined for parts
of the human body as components of an anatomical system: organs,
tissues, and cells;
• “AnatomicalSystem” – is used to describe groups of anatomical
structures that work together to perform a certain task such as organ
systems: circulatory, digestive, endocrine, integumentary, immune,
lymphatic, muscular, nervous and other systems;
• “MedicalCause” - includes cardiovascular, chemical,
dermatologic, endocrine, environmental or gastroenterological
causes, etc.;
• “MedicalCondition” - includes diseases, injuries, disabilities,
disorders, syndromes, etc.;
• “MedicalContraindication” - is a condition or factor that serves
as a reason to withhold a certain medical therapy;
• MedicalDevice” - is "Any object used in a medical capacity,
such as to diagnose or treat a patient";
• “MedicalGuideline” - are recommendations made by a standard
society (e.g. ACC/AHA) or consensus statement that denotes how
to diagnose and treat a particular condition;
• “MedicalIndication” is a condition or factor that indicates use of
a medical therapy, including signs, symptoms, risk factors,
anatomical states, etc.;

Fig.3: The OWL version of “MedicalEntity”
The techniques and platform described above are combined as
illustrated in Fig.4 in order to organize a semantic virtual
warehouse, allowing the integration and sharing of different data
and information from various resources in biomedical domain.
Linked Data

Semantic Virtual
Warehouse
RDB2RDF

databases

ontologies

ontologies

Fig.4: Illustration of the suggested approach
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conformed to the formal principle of ontology design and therefore
cannot be reused for other purposes and applications and does not
support automatic reasoning. The approaches, used to integrate
heterogeneous data and information, as reference models and
biomedical semantic nets fail to achieve a high degree of
integration. The suggested approach allows integration of different
heterogeneous data and information resources: Linked Open Data
vocabularies, ontologies and relational databases.

4. Applicability of the suggested approach
The proposed approach will be illustrated through the
integration of ontology based system for managing clinical data to
the owl version of schema.org (updated 2015-08-25). D2RQ
platform is used for database to ontology mapping. The database
“patient.sql” downloaded from http://sourceforge.net/ is used by
“OpenPatientOS” - an information system for managing patient
records. The system manages patient personal, medical, and billing
records through an easy to use Swing user interface. The
“OpenPatientOS” offers personal data entry and management,
patient medical records management, patient billing management
system, reports creation and user’s management system. The system
is intended to be used by administrators and physicians; we aim to
extend it to patients so that the patients are able to look for their
own medical records. The ER model of database and the
corresponding ontology model derived with D2RQ mapping
language are presented on Fig.5 and Fig.6, respectively.

Fig.7: Integration results

Fig.5: ER data model of “patient.sql”
Fig.8: Information retrieval from the integrated model
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Abstract: The present paper illustrates the current state of affairs for most organizations involved in the sphere of Information
technologies that run or strive to run projects in accordance with applicable ISO standards and CMMI. This paper presents the target state
of affairs and its design with used technologies. Reaching the goal state is summarized by serialization of metamodels in XML,
mapping/parsing of metamodels (in XML) to OWL2 DL (RL profile) ontologies (written/exchangeable in RDF/XML), storages of these
semantic metamodels and models (ontologies/semantic data) in advanced RDBMSs with support of ontologies, R2RML mapping of existing
project-related relational data to semantic data and storage of semantic data in semantic stores hosted in existing RDBMSs or migration to
such ones, extraction of non-relational project-related data and mapping of these logical models to a physical (relational) model and
integration in RDBMSs to centralize all project-related data all governed by the defined vocabularies (ontologies of CMMI for Development
and ISO 15504/ 12207). Achieving the goal state enables stakeholders to query and infer from project-related semantic data to manage,
analyze and assess projects against underlaying standards. Through commonly-accepted adapters, semantic data, metamodels and models
are exposed to external applications.
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the organisation and are distributed in various formats outside
RDBMSs) and transformation of their logical models into relational
models and integration of resulting models and data into RDBMSs
(Oracle Spacial and Graph, IBM DB2 NoSQL Graph Store).
Implementing the described steps will reach the goal of centralising
project and process-related data and subjecting them to the unified
ontologies describing CMMI for Development [6] and ISO 15504/
12207 [5]). When the target state of the organisation is achieved,
stakeholders will be able to query project and process-related
semantic data and draw inference from semantic data in order to
manage, analyse and assess projects against undelaying standards.
Moreover, centralised semantic data can be accessible to external
(or third party) applications through adapters [10, 11].

1. Introduction
Various data representation formats that are defined by
Semantic Web Group of the W3C consortium are widely considered
and accepted by the community as the next step in the data
management. A significant challenge in the data management is
sharing and analysing data stored in various and independent from
one another applications. Advanced business applications for
management of semantic data, represented in RDF/S [1, 2] and/or
OWL 2 [3] ontologies rely on the latest-generation database
systems (Oracle Spatial and Graph (Oracle 11g/12c) [4], IBM DB2/
Graph Stores) for management of relational and non-relational data
to solve highly complex problems of national security and
intelligence, natural sciences and geolocation/ geopositioning.
This publication presents an analogous complex solution in
information technologies, more precesily defines and implements a
new model in the software project management in order to ensure
the compliance of these projects with international standards and
de-facto standards ISO 15504 [5], ISO 12207 [5] and CMMI
(Capability Maturity Model Integration) for Development [6].
The analysis of the current state of affaires in companies that
manage their projects in compliance with above standards reveals
that: the information is not centralised stored; data related to
projects, processes and standards are not centralised stored and
managed; real on-the-job application of processes and standards is
not transparent and is rather difficult to track and monitor.
This paper is focused on reaching the target state of a company
that has already integrated and implemented the above mentioned
standards at a “machine” level – this stage comes after the formal
certification of the organisation.
Reaching the target state is summarised in the following points:
XML serialisation of the developed metamodels of the standards;
subsequent parsing/transformation of the generated XML
metamodels into OWL2 DL (Ontology Web Language 2
Description Logic) (RL profile) [7] ontologies (written in
RDF/XML [8]. RDF/XML syntax and semantics are widely
accepted as the container for exchange of OWL2 DL ontologies);
storage of semantic metamodels and models, i.e. the semantic data,
in advanced semantic-relational database management systems that
are capable of managing semantic data and of drawing inference
from semantic data; R2RML (RDB (Relational Database) to RDF
(Resource Description Framework) Mapping Language) [9]
mapping of the existing relational models of project-related data
and the semantic metamodels and models; transformation of
relational data into their equivalent semantic data using R2RML
and subsequent storage in the semantic data store [4]; extraction of
non-relational project and process-related data (if such data exist in

2. Transformation of metamodels and project
models into ontologies and semantic enrichment
2.1. Transformation of standards meta model and project models
into ontologies
Another paper (“Development of Software Process Metamodels
using SPEM 2.0”), by the same author, presented the skeleton of the
SPEM 2.0 [12] metamodel of CMMI for Development ver. 1.3 [6],
based on which a hybrid metamodel was developed that meets the
requirements of both standards [6, 5] in order to achieve Capability
Level 3 Defined & Maturity Level 3 Defined acc. to [6] and Level 3
Established acc. to [5]. The paper analysed the restrictions blocking
the machine execution of metamodels and models developed with
tools for business modelling that have a semi-formal architecture.
Solutions for overcoming these restrictions were prosposed and are
focused on enriching the semantics of the metamodels and building
their behavioural semantics. Solutions for validation of metamodels
– in terms of completeness, accuracy and execution – were also
proposed, i.e. validation using ontologies. The technical
implementation (the integration of their ontologies) into the practice
was also discussed. The present publication discusses the solutions
at a much deeper level, introduces the technologies and the products
that are used to build the solutions. SPEM 2.0 is based on the
Model-Driven Architecture (MDA) standard that is used for
defining the processes of the development of IT and software
products and systems and their components. The construction of
ontologies of SPEM 2.0 metamodels relies on the fact that both
OWL [3, 13] and SPEM 2.0 are serialisable to XML. Constructing
an OWL2 DL ontology of the defined SPEM metamodels and
models would guarantee the completeness of metamodels and
models and the time-bound computation of the inference from data
and decisions. The OWL 2 RL profile is chosen with a view to the
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current technical realisation [4] and the interoperability. The OWL2
RL profile is aimed at applications that require scalable reasoning
without sacrificing too much expressive power. It is designed to
accommodate OWL 2 applications that can trade the full
expressivity of the language for efficiency, as well as RDF(S)
applications that need some added expressivity. The ontology
consistency, class expression satisfiability, class expression
subsumption, instance checking, and conjunctive query answering
problems can be solved in time that is polynomial with respect to
the size of the ontology. On the other hand, every OWL 2 ontology,
which is an instance of the OWL2 DL structure, and, according to
[14], can be translated (transformed) into RDF (Resource
Description Framework) graphs (RDF graphs are the most widely
used format for representation and storage of semantic data and
most advanced RDBMSs use RDF graphs to store semantic data [4,
11, 15]) using bi-directional OWL 2 - RDF mapping [14]. Two
formats for translation into OWL 2 DL ontologies are considered:
OWL 2 XML [13] serialisation and RDF/XML, the latter is the
generally accepted syntax for exchange of OWL 2 ontologies. The
OWL XML serialisation is an alternative concrete syntax for OWL
2 ontologies and their exchange, while RDF/XML is the only
normative concrete syntax for exchange of OWL 2 ontologies. The
OWL XML serialisation accurately reflects the normative structural
specification of OWL 2 and is defined in an XML schema that is
used for the translation. The XML schema for the serialisation
covers the structural specification of OWL 2 in its integrity, which
also includes the OWL 2 language profiles. Alternatively,
RDF/XML defines the XML syntax for representation of RDF
graphs. The translation of OWL 2 ontologies into RDF graphs is
done by constructing RDF-Triples. Every RDF graph consists of
nodes and labeled directed arcs that connect pairs of nodes which
are actually the set of RDF triples. Each RDF triple, at its turn,
consists of a subject node, a predicate and an object node. Nodes in
graphs are either IRIs (Internationalized Resource Identifiers),
literals or blank nodes. Predicates are IRIs and are interpreted either
as links between nodes or as an object node of a specified subject
node. To encode RDF graphs to XML, nodes and predicates must
be represented using the XML syntax and semantics, i.e. using
element names, attribute names, element contents, and attribute
values. RDF/XML substitutes IRIs for XML Qualified Names. The
mapping of the serialised XML metamodels and models and the
schema of the OWL XML serialisation and/or RDF/XML uses
XSLT (XSL Transformations) [16] templates and applies them to
source XML trees in order to generate resulting trees in the desired
XML format. XSLT transformations define rules for generating the
resulting tree from the source tree. Transformations are in fact
associations of source code patterns and templates of
transformations. Source code patterns are matched against elements
of the source tree until templates are instantiated to generate the
desired part of the resulting tree. Source and output trees are
completely independent of one another. The structure of the
resulting tree is independent of the one of the source tree; the
resulting structure can be re-ordered, i.e. already transformed source
elements can be re-ordered to fit in the desired structure of the
resulting tree. Source XML trees of metamodels and models that
were translated into RDF/XML, as it is the case, or to the XML
schema of the serialisation of OWL 2 DL using XSLT are further
loaded
into
the
working
environment
[http://protegewiki.stanford.edu/wiki/WebProtegeAdminGuide,
http://protegewiki.stanford.edu/wiki/WebProtegeUsersGuide] that
supports RDF/S / OWL 2 DL ontologies. Resulting RDF/XML
metamodels and models are translated into OWL 2 RL using the
mapping in order to enrich the semantics of the ontologies (to
elaborate the ontology at length using the expressive power of the
semantics of [10, 12]). The OWL 2 RL ontologies are serialised
back to RDF graphs (RDF/XML notation) using the mapping [14]
to enable to be loaded into the semantic store [4].

meet the following constraints: each task/activity must start at a
(pre) defined point in time; all tasks/activities must be time-bound
and finish at a (pre) defined point in time; all suspended
tasks/activities must be resumed and completed at (pre) defined
point in time; task/activities cannot start and finish unless they meet
defined constraints on the sequence of tasks and activities; each
task/activity must be completed within the (pre) defined time
interval; the process cannot be completed unless all its constituent
tasks and activities are completed within the specified time interval
allotted to each constituent. Semantics and constraints analogous to
the described above must be defined for work products as well.
Described states must be defined and present in the behavioural
model of the metamodel. The definition of a task/activity must
include its possible states, i.e. not started, started, suspended and
completed. For example, these states can be modelled by
introducing a new datatype and a data range constraint in the OWL2
ontology: (Declaration (Datatype (a:State)) DatatypeDefinition
(a:State
DatatypeRestriction
(xsd:string
xsd:enumeration
"notStarted" ^^ "Started" ^^ "Suspended" ^^ "Completed"))
DataPropertyRange (a:hasState a:State )); a data property link is
defined that connects individuals with the literal. As a consequence
of having introduced states, the ontology must be enriched with
temporal semantics to model the concept of time and timers
associated with each task/activity. This is the prerequisite for
defining rules of transitions from one state to another. The solution
proposes the integration of the freely available OWL ontology that
models the notion of time [17, 18]. In OWL-Time [18], the time
ontology based upon the Web Ontology Language (OWL), Instant
and Interval are basic mereological individuals, serving as
foundational temporal entities. The OWL-Time ontology provides
the vocabulary to encode topological relationships between time
points and time intervals and expresses duration and datetime.
However, the introduction of the concept time complicates RDF
graphs, the search in semantic data and the inference.
The time ontology is expressed in OWL DL, which is a First
Order Logic restriction, based on SHOIN DL (Description Logic)
[19]. This description logic is decidable thanks to well defined
semantics and proven reasoning algorithms which makes the time
ontology an excellent candidate to use for the operations of the
interval algebra [17, 20, 21]. The operations and the axioms of the
interval algebra are used to express the time characteristics and their
evolution. At the core of this algebra is the relationship between
time intervals [17, 20]. Having two time intervals TimeInt1 and
TimeInt2, a time point t and a proposition, one might ask a variety
of questions over the time domain and infer if the proposition holds
[17, 20]:
• Mereological or “part-of” questions – for example: Is the time
interval TimeInt1 a sub-interval of TimeInt2?; Does t occur within
time interval TimeInt1 or within TimeInt2?; Is the time interval
TimeInt1 equal to the time interval TimeInt2?;
• Topological or “connects” questions – for example: Does the
time interval TimeInt1 happen before or after the time interval
TimeInt2?, Do time intervals TimeInt1 and TimeInt2 meet?; Do
these time intervals start and/or end at the same moment?;
• Logical or “rule-based” questions – for example: Does tht
proposition hold within TimeInt1?; If the proposition holds during
TimeInt1, does it hold during TimeInt2 too?.
These interval relations can be formally defined in terms of
before relations among their beginning and end points [22]. 1
Source metamodels and models and their ontologies respectively
may now be considered complete compared with the initial state
and discussed shortcomings.

[1, 26] A sample definition of a relation for overlapping time intervals:
intOverlaps(TimeInt1,TimeInt2)≡[ProperInterval(TimeInt1)
^ProperInterval(TimeInt2)]
^(Ǝ t2, t3)[ends(t2, TimeInt1 ) ^begins(t3, TimeInt2 ) ^before(t3, t2)
^(˅ t1 )[begins(t1, TimeInt1 ) ==>before(t1, t3 )]
^( ˅ t4 )[ends(t4, TimeInt2 ) ==>before(t2, t4 )]]]]

2.2. Enriching the semantics of ontologies
Models must be complete and executable but first their
semantics must be enrinched to support the needed concepts and
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loader utility is used to parse and load semantic data in N-Triple
format into staing tables while semantic data in N-Quad [25] format
are loaded into staging tables using external tables created with the
SEM_APIS.CREATE_SOURCE_EXTERNAL_TABLE procedure; in
both cases the SEM_APIS.BULK_LOAD_FROM_STAGING_TABLE
procedure is called to populate staging tables with semantic data
from external tables mapped to an N-Triple or N-Quad format input
file);
• Batch insertion of semantic data using the RDF semantic graph
support for Apache Jena; semantic data can be in RDF/XML, NTriple and N-Quad format [https://jena.apache.org/index.html, 24,
25];
• Straight forward insertion of RDF-Triple semantic data into
operational model tables using the SQL INSERT statement and the
SDO_RDF_TRIPLE_S constructor that creates an RDF triple and
assigns it to the model-graph to which it belongs.

3. Integration and implementation of semantic layer
The ontologies of metamodels and models that are integrated in
the semantic-relational database system [4] are, in fact, the layer
that envelops relational data and renders them highly normalised
(compared with other approaches, commonly referred to as NoSQL
approaches, that render relational data denormalised). After having
integrated the ontologies, relational data and their semnatic
equivalents coexist, are extremely normalised and dependent on the
ontologies.
3.1. Translation of relational data into semantic data
Existing relational data in RDBMSs are reused and the
fundamental principles of Atomicity, Consistency, Isolation, and
Durability (ACID) are preserved, which still ensure the security of
data, the backup and recovery of data, the data compression, and the
serial and parallel execution of processes. Existing process and
project-related relational data are translated into their semantic
equivalents acc. to the target vocabulary (the ontology) using
R2RML
(Relational
to
RDF
Mapping
Language).
There is a straightforward approach to this mapping that does not
use R2RML, however it is considered static and inflexible because
of the structure of the resulting RDF graph; the structure of the
latter strictly follows the structure of the database. The resulting
RDF vocabulary copies the names of the elements from the
database schema; the database schema and the output vocabulary
cannot be changed. This approach being straightforward and static
is inappropriate to be applied considering the complexity, the scale
and the purposes of the described solution. Defining a mapping
based on R2RML allows for the definition of highly customised
views over relational data. Every R2RML mapping is tailored to a
specific database schema and a target vocabulary. The R2RML
mapping refers to logical tables to retrieve data from the input
database. A logical table can be a base table, a view or a valid SQL
statement, which is aslo referred to as an R2RML view since it
emulates an SQL view without modifying the underlaying database.
Output RDF graphs that are generated based on the R2RML
mapping use the predicates and the datatypes of the targer
vocabulary (the ontology). The semantic-relational data store [11, 4]
can store a set of RDF graphs and record information for each graph
to allow for the search for information spread in many graphs and
the inference from many graphs as well. Logical tables are mapped
to RDF using triple maps. Triple maps are the rules that map each
row in a logical table to a number of RDF triples. The output
sematic equivalents (RDF triples) of the existing relational data can
be placed into named graphs (by default all output RDF triples
belong to the default graph) using predefined graph maps which are
also part of the triple maps (by definition, triple maps consist of
optional graph maps, subject maps and predicate-object maps). The
R2RML mapping itself consists of RDF in RDF/XML or Turtle
(another concrete syntax for writing RDF/S ontologies). The
transformation of the existing relational data into RDF graphs is
carried out using the R2RML parser [23 (freely available:
https://github.com/nkons/r2rml-parser)], which supports a number
of RDBMSs (Oracle, MySQL, PostgreSQL) as sources of relational
data. The parser implements the R2RML standard and can generate
output RDF graphs in Turtle, N-Triple [24], RDF/XML notations
using the input R2RML mapping files. The coexistence of relational
and semantic data in the same place brings the question of the
consistency of the both types of data. Considering the huge amount
of data, full re-parsing of all exisiting relational data upon constant
changes in operational data is totally inappropriate. The consistency
of both types of data can be ensured by incremental parsing of
changed relational data based on transaction logs.

3.3. Creating ontologies and loading them with semantic data
Semantic technology models (ontologies) [11, 4] are created
with the SEM_APIS.CREATE_SEM_MODEL procedure and after
that are loaded with semantic data using the INSERT statement. As
far as the internal organisation and representation of models
(ontologies)
are
concerned,
the
invocation
of
the
SEM_APIS.CREATE_SEM_MODEL creates a model (ontology)
identified by its unique name, a table (this table has already been
created) that holds references to semantic technology data for this
model, the name of the column of type SDO_RDF_TRIPLE_S in
this table (this column holds references to semantic data created
with the SDO_RDF_TRIPLE_S constructor), and a table
namespace associated with the model (the dedicated table
namespace has already been created). The creation and
manipulation of models (ontologies) entail the creation and/or
update of system views with metadata for models (the essential
views are the MDSYS.SEM_MODEL$ (a common view for all
models) view and the MDSYS.SEMM_model-name (per model)
view). An MDSYS.SEMM_model-name view with metadata (for
the triples associated with the model) is created for each model
(ontology). This view stores the following information for each
triple: the identifier of the text value of the predicate of the triple,
the identifier of the text value of the subject of the triple, the
identifier of the text value of the canonical form of the object of the
triple, the identifier of the text value of the object of the triple, the
identifier of the model (ontology) to which the triple belongs, and
the identifier of the text value of the graph name for the triple (null
for the default graph).
3.4. Inference and rulebases
The selected semantic store [11, 4] can contain unlimited
number of models (ontologies), rulebases and semantic data
generated by the inference; the semantic store also allows the use of
many rulebases, including the combination of the native inference
and custom-defined rulebases, to draw inference from semantic
data. The database [11, 4] inherently supports the following OWL
vocabulary subsets (as they are described in the respective standards
by the World Wide Web Consortium): RDFS, RDF (as a
vocabulary subset of RDFS), OWLSIF, RDFS++, OWLPrime, and
OWL2RL; each supported vocabulary has a corresponding rulebase,
however these rulebases do not need to be populated because the
underlaying entailment rules of these vocabularies are inherently
implemented. The native support of the OWL2RL language profile
has motivated the choice of the semantic store and as discussed
above this OWL2 vocabulary subset, which satisfies the
requirements of the complex metamodels and models, is the
selected syntax for the description of the metamodels and models.
The domain-specific knowledge (i.e. the knowledge of how
processes and projects are analysed and assessed acc. to standards
[6, 5]) is transcribed into rules in custom-defined rulebases to
provide the needed specialised inference capabilities. Customdefined
rulebases
are
created
with
the
SEM_APIS.CREATE_RULEBASE procedure (for each rulebase, a
system table is created to hold rules in the rulebase, along with a

3.2. Loading semantic data into the semantic data store
The insertion of semantic data into the store may vary acc. to
the format of semantic data [11, 4]:
• Bulk insertion of semantic data into the store using staging
tables, where each row in the intermediary staging table contains
components of an RDF triple - its subject, predicate and object, and
optionally a named graph to which the RDF triple belongs (the SQL
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system view MDSYS.SEMR_rulebase-name that is used to insert,
delete and modify rules in the rulebase and (the view) has the
following structure: the name of the rule, IF side pattern for the
antecedents, filter condition that further restricts the subgraphs
matched by the IF pattern, THEN side patterns for the consequents,
and ALIASES that are one or more namespaces to be used, in
addition to the default namespace, for expansion of qualified names
in the query pattern). The SEM_MATCH table function is used to
query semantic data; it requires the creation of entailment objects
first (an entailment is an object containing precomputed triples that
can be inferred from by applying a set of rulebases to a set of
models; an entailment must be created for each rulebase-model
combination in the query). The SEM_MATCH table function is
able to query and draw inference from virtual models, which are
virtualy any combination of models, graphs and entailments.
SEM_MATCH queries can also be written in the SPARQL [11, 16]
SELECT format, which the semantic store inherently supports.

The core solution provides for the analysis and assessment of
processes and projects based on inference from process and projectrelated semantic data and models (the ontologies of the standards).
The architecture of the solution is open and implements standards
and recommendations of the World Wide Web Consortium and
other (referenced) open technologies and tools and eliminates the
need of vague proprietary middleware solutions for the translation
of metamodels and models. Oracle Database 11g/12c [4] with
support for semnatic technologies, which is still freely available for
non-commercial and research purposes, was selected as the best
available product which can suit the chosen technologies, the
complexity and the scale of the solution. Two paths for future
development of the present core solution are considered:
development of a Java-based semantic application which will wrap
and extend the core solution in order to make it available to a wider
business and managerial audience and translation of production
rules in the custom-defined rulebases, which store the domainspecific knowledge, into a concrete RIF (Rule Interchange Format)
dialect [26, 27], which will make the solution entirely portable
between organisations.

3.5. Validating ontologies, entailments and semantic data
OWL ontologies may contain errors, such as unsatisfiable
classes, instances belonging to unsatisfiable classes, individuals
asserted to be the same or different at the same time. Such
inconsistencies in models (ontologies) and entailments can be
detected and eliminated using the SEM_APIS.VALIDATE_MODEL
and SEM_APIS.VALIDATE_ENTAILMENT validation procedures to
ensure the trustworthiness of the models (ontologies), semantic data
and inferred decisions.
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3.6. Ontology-assisted search in relational data
The expressiveness of the search in relational data and the
relevance of returned results are considerably increased with the
modified ontology-assisted search which is not exclusively based on
the lexical match of attribute names and data. The database [11, 4]
implements ontology-assisted queries with the SEM_RELATED
and SEM_DISTANCE operators. These semantic operators query
relational data based on the semantic relationship between the data
in a table column and terms in an ontology. The SEM_RELATED
operator retrieves rows based on semantic relatedness, while the
SEM_DISTANCE operator returnes the distance measures for the
semantic relatedness so that the output returned by the
SEM_RELATED operator can be ordered by the relevance of data
acc. to distance measures.
3.7. Access to the semantic store using adapters
RDF semantic graph (the database) [11, 24] provides support
for Apache Jena and OpenRDF Sesame, which both extend the
semantic data management capabilities of the database and provide
for building open semantic applications, however Apache Jena is of
more interest for the present solution. RDF semantic graph [11, 24]
support for Apache Jena provides a Java-based interface to Oracle
Spatial and Graph RDF Semantic Graph by implementing Jena
Graph, Model, and DatasetGraph APIs, which are used for the
management of named graph data (quads). RDF semantic graph
support for Apache also provides a array of network analytical
functions on top of semantic data ([15] in general functions for
manipulating nodes and leaf-level nodes in graphs, functions for
search for paths in graphs and their costs, in-depth multi-aspect
analysis of semantic data). Apache Jena supports SPARQL [25] and
applications using the APIs of Apache Jena to access the semantic
store are integrated with it though the Joseki HTTP server (which
also supports SPARQL queries). Apache Jena, with the capabilities
and extensions it provides, is selected for a future development of a
semantic application for project management as a wrapper of the
core solution presented here in order to make the core solution
available to a larger audience of business users and project
managers.

4. Conclusions
The present publication presented a fully fledged solution and
its architecture for the native (machine) integration and application
of the standards being discussed throughout the publication [6, 5].
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Abstract: The aim of the article is to investigate the optical properties of Bulgarian honey in regard to the potential of honey
discrimination on the base of its botanical origin. Samples from three types of honey (acacia, linden, and honeydew) are measured by a
fluorescence spectrometer recording emission from 350 to 800 nm with excitation at 370, 395 and 405 nm. A combination of fluorescence
emission spectra with some colorimetric parameters (CIELab) is used as input data of three types of honey classifiers: the first two are based
on linear and quadratic discriminant analysis, and the third one uses an artificial neural network. The neural classifier is realized as a
multilayered perceptron with backpropagation learning algorithm. Principal components analysis (PCA) is used for reducing the number of
inputs and for a proper visualization of the experimental results. The comparative analysis of the three classifiers is based on leave-one-outcross validation test carried out in MATLAB environment.
Keywords: Fluorescence spectroscopy, colorimetry, honey discrimination, PCA, LDA, QDA, artificial neural network
subsequent statistical processing including PCA, which is used for
reducing the input space dimension and visualizing the clusters
formed by different types of honey. Three types of honey classifiers
are proposed: the first two are based on linear and quadratic
discriminant analysis, and the third one uses an artificial neural
network (NN) realized as a multilayered perceptron with
backpropagation (BP) learning algorithm. The comparative analysis
of the three classifiers is based on leave-one-out-cross validation
test carried out in MATLAB environment.

1. Introduction
Honey is a natural product and nothing should be extracted or
added to it. But for obtaining more profit, it is often subject to
counterfeiting by adding sugar and other impurities. The botanical
and geographical declaration of the origin seems to be one of the
fundamental aspects of the honey quality that affects its commercial
value [1, 2]. So in order to prevent fraud in the labeling, it should be
developed a means of distinguishing between different types of
honey. At the current stage of knowledge, a reliable authentication
of floral origin of honey can be achieved by a global interpretation
of sensory, pollen and physicochemical analyses carried out by an
expert [3, 4, 5]. The content of different phenolic compounds is
recognized to well reflect the type of honey and its quality, because
phenolic acids and flavonoids are inherent chemical markers of the
floral origin [6, 2]. Unfortunately, the most of these methods are
generally too time-consuming, complex, and labour intensive for
quality control application or require very specialized personnel to
interpret the results.

2. Materials and methods
Honey Spectrum Acquisition. Thirty-two samples of three
different types of Bulgarian honey (acacia – 8 samples; linden – 10
samples; and honeydew – 14 samples) were purchased from
supermarkets (Lexie, Kaufland, Piccadilly) and from private
producers. Before spectral measurement, the honey samples were
placed in a water container at 500C until the soluble substances fully
dissolved. Then the samples were annealed at room temperature
(25-260C).

In addition, most of the analytical techniques involve some kind
of sample pre-treatment. The advantages of the technique of
spectroscopy (visible, near and middle infrared, fluorescent) with
respect to other methods are the non-invasive approach, the
relatively easy and quick data acquisition. The principal advantages
of fluorescence spectroscopy, pointed out by almost all authors, are
its rapidity and sensitivity [7] (100–1000 times more sensitive than
other spectrophotometric techniques [4, 5]). Food contains many
different fluorophores, whose signals overlap and make it
impossible to measure the concentration of a single compound.
Nevertheless, the shape of normalized fluorescence spectra in
combination with multivariate statistics can be used to characterize
and identify different food [4, 5], including different types of honey.

The fluorescence spectral characteristics of the honey were
taken with a fiber optic spectrometer (AvaSpec-2038, Avantes) with
sensitivity in the (200-1100) nm range. The sources used to measure
the fluorescence spectra are 370 nm, 395 nm, 405 nm light emitting
diodes (LEDs). The resolution of the spectrometer is about 8 nm for
a 200 μm input slit. An optical fiber with a diameter of 200 μm is
used to bring light to the probe and to measure the scattered and
fluorescent light. A collimator with a lens of an aperture D = 5 mm
is used to gather more light and send it to the receiver. Generally,
with classical right-angle fluorescence spectroscopy, the
measurements are carried out in dilute solutions where the
absorbance is below 0.1 [4, 5]. At a higher absorbance rate, the
fluorescence intensity decreases due to the inner filter effect. In that
case the front-face fluorescence spectroscopy is more suitable for
use. In the presented study, in order to measure the fluorescence
spectra of honey (especially dark honeydew honey) without
dilution, the cuvette holder was modified as follows. The first probe
(optical fiber) was placed between two glass slides, which were
fixed by a threshold, consistent with the diameter of the probe. The
second probe (LEDs) was fixed on the upper glass, 900–angle to the
first and the minimum distance between them. Honey was located
between the two slides. The resulting three emission spectra with
excitation at 370 nm, 395 nm, 405 nm were normalized by dividing
with the maximum intensity value of the respective excitation
signal.

Among traditional classifiers, Discriminant Analysis (DA) is
probably the most known method [8] and can be considered the first
multivariate classification technique. Some authors [9, 10, 11, 12]
have implemented linear discriminant analysis (LDA) for
classification of the floral origin of honey, on the basis of its
chemical and physical properties, including the mineral composition
of honey. But due to the data correlation, the discriminant analysis
encounters some computational difficulties such as ‘badly scaled or
close to singular matrix’. Therefore, usually it is used in a
combination with the principal components analysis (PCA) as a
correlation reduction method. Artificial neural networks can
overcome these problems at processing raw data and can be used
for multivariate analysis to create more accurate classifiers [13].

Colour Measuring. The measurements were determined
according to the methods of the European Honey Commission [14].
All measurements were performed at room temperature.
Colorimetric study of honey was made using a software package
VISIONlite ColorCalc for spectrophotometer Helios Omega. It was

The purpose of this study is to investigate the optical properties
of Bulgarian honey and the possibility of recognizing its botanical
origin using fluorescence spectroscopy in a combination with
CIELab colorimetry. Spectroscopic data obtained undergo
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used mode 'Advanced', i.e. calculations were performed in the range
of 380 nm -780 nm (instead of ‘Basic’ mode: 400 nm – 700 nm).
The honey samples were placed in a cuvette 10 mm x 10 mm
(Recommendations on uniform color spaces, 1971) and the color
parameters in CIELab colorimetric system were measured.

The description of systematic use of software abstractions or
models as primary artefacts during a software engineering process
is a task of MDD. The main idea of MDD is that using of models
and their transformation is a better foundation for the development
and maintenance of systems than programming. The portability,
interoperability and reusability through architectural separation of
concerns are primary goals of MDD.

Principal Components Analysis [15, 16]. The aim of the method
is to reduce the dimensionality of multivariate data (e.g.,
wavelengths) whilst preserving as much of the relevant information
as possible. PCA is a linear transformation, that transforms the data
(observations of possibly correlated variables) to a new coordinate
system such that the new set of variables, the principal components
(PCs), are linear functions of the original variables. Principal
components are uncorrelated, and the greatest variance by any
projection of the data comes to lie on the first coordinate, the
second greatest variance on the second coordinate, and so on. All
the principal components are orthogonal to each other. The full set
of principal components is as large as the original set of variables.
Usually the sum of the variances of the first few principal
components exceeds 80% of the total variance of the original data
[17]. In this study, the first two PCs are used as input variables of
the LDA and QDA based discrimination models, and all the PCs –
for training the NN based classifier.

3. Results and discussion
Fluorescence Spectra and Colour of Honey. The normalized
fluorescence spectra of a random sample from the three types of
honey (acacia, linden, and honeydew) with wavelengths ranging in
visible domain under excitation at 370 nm, 395 nm, and 405 nm are
shown in Figure 1. The first maxima (with magnitude 1) correspond
to the excitation signals, and the second maxima – to the emission
spectra’s significant values. The averaged fluorescence spectra of
the three types of honey - acacia, linden and honeydew are shown in
Figure 2, cases (a), (b) and (c), respectively. In Figure 2 the filled
contour plots present the averaged normalized intensity of the
fluorescence emission spectra as a function of the excitation
wavelengths (ordinate) and the emission wavelengths (abscissa). In
the experiments only three excitation wavelengths (370 nm, 395 nm
and 405 nm) were used, and in Figure 2 the other values between
them are obtained by means of the cubic interpolation. For each
type of honey the emission with the highest intensity was obtained
at the excitation wavelength of 370 nm. Also the honeydew honey
had the highest intensity of emission in respect to other types of
honey. Table 1 shows the mean values and standard deviations of
the CIELab colour parameters related to the different types (classes)
of honey.

Linear and Quadratic Discriminant Analysis. Linear
discriminant analysis (LDA) and quadratic discriminant analysis
(QDA) are two classic classifiers, with, as their names suggest, a
linear and a quadratic decision surface, respectively. The basic idea
of LDA is to find a linear transformation, such that the ratio of the
between-class scatter and the within-class scatter is maximized.
Samples are projected to a new space with smallest within-class
distance and largest inter-class distance [18]. Although LDA
usually gives a good discrimination performance, it suffers from
some deficiencies if variables are highly correlated or class
boundaries are complex or nonlinear [12]. To avoid such
deficiencies, in the former case, variables are often transformed by
correlation-reducing methods such as PCA, and in the latter case,
LDA could be replaced by QDA. Unlike LDA, in QDA there is no
assumption that the covariance of each of the classes is identical. To
estimate the parameters required in quadratic discrimination more
computation and data is required than in the case of linear
discrimination.

PC-LDA, PC-QDA and PC-NN Based Models for Honey
Discrimination: Since the intensity of emission spectra of the three
types of honey is greatest at excitation 370 nm (Figure 2), only the
fluorescence spectral characteristics at this excitation were used for
the synthesis of the honey’s classifiers. PCA was carried out in
order to visualize data from different honey samples and to identify
their similarities and differences. The spectral dimensionality was
reduced to a small number (two) of principal components using
PCA. The scores scatter plot of the 1st and 2nd PCs is shown in
Figure 3a. It is evident that the samples form three clusters (acacia,
linden and honeydew), which are overlapped. Here, determining the
type of honey is based solely on the inscription on the label by the
manufacturer, i.e. trusting the manufacturer. The two PCs suitably
visualize the honey’s spectra, but the information contained in them
is not enough to properly distinguish different types of honey.
Therefore PCA was applied to a combination of fluorescence
spectra characteristics and the three indicators (L, a, b) of the
colorimetric system CIELab. In this case the first two PCs
explained as high as 94.27 % of variance of the combined data
(76.21 % for PC-1 and 18.06 % for PC-2). The result (Figure 3b)
shows a better distinguishing between different types of honey, with
the exception of a few overlapping samples of classes ‘acacia’ and
‘linden’.

Artificial Neural Network Based Classifier. It is well known
that artificial neural networks with a feedforward multilayered
structure are universal function approximators [19, 20]. One
classification task can be easily reduced to a task for approximation.
Let the classifier of honey be implemented as a neural network with
a feedforward structure and Backpropagation learning algorithm.
The neural network consists of n + 3 inputs (n is the number of
wavelengths included in the emission spectrum characteristics of
the honey), 3 outputs and 2 hidden layers. The three additional
inputs are designed for the 3 colorimetric indicators (parameters L,
a and b) of the CIELab system. The proposed combination of
fluorescent emission spectra with the three colorimetric parameters
of CIELab system aims to increase the accuracy of predicting the
floral origin of honey. The three outputs of the network correspond
to the three classes of honey: acacia, linden and honeydew honey.
The two hidden layers contain neurons with 'tansigmoid' activation
function (hyperbolic tangent), and the activation function of the
three output neurons is 'logsigmoid' [21]. The input training samples
include the intensity of the emission spectra and the three
colorimetric parameters: L, a and b. The supervisor supplies the
network’s output with the following three combinations: '1 0 0', '0 1
0' or '0 0 1', depending on whether the input receives the data for the
classes 'acacia', 'linden' or 'honeydew', respectively. BP is gradientbased learning algorithm, that minimizes the sum squared error
between the real and required input of the NN. The leave-one-outcross-validation test is used to validate the NN-based honey
classifier. The neural network training and testing are realized in
MATLAB environment [21].
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and Figure 4b / Table 3, respectively. The performance of the PCQDA based model was a little better (81.25 % accuracy) than the
PC-LDA based one (78.12 %) for honey discrimination.

Figure 1. The normalized fluorescence spectra.
Figure 3. PCA of: (a) the fluorescent spectra, (b) the fluorescent
spectra combined with CIELab’s parameters

Figure 4. Honey discrimination by means of: (a) PC-LDA based
model, (b) PC-QDA based model.
The neural classifier was trained with all PCs (obtained from the
same spectral characteristics and colour parameters mentioned
above). The number of neurons in the first and second hidden layers
of the neural network was selected heuristically - 500 and 250,
respectively. The result from validation test is shown in Figure 5
and Table 4. As evident in Table 4, 2 samples from observed class
'acacia' and 1 sample from observed class 'honeydew' were
predicted wrong as 'linden', while 2 samples from class 'linden' were
predicted wrong as 'acacia'. The model predicted 27 out of 32
samples correctly. 84.4% prediction accuracy (75% class 'acacia',
80% class 'linden', and 92.9% class 'honeydew') was achieved.

Figure 2. Contour plots of the averaged fluorescence emission
spectra: (a) acacia, (b) linden, and (c) honeydew honey.

Table 1. Colour Parameters of Honey
CIE-Lab Values
Acacia
Linden
Honeydew
(Ill.D65/10 deg
honey
honey
honey
Observer / 380780 nm)
Average value ± Standard deviation
L
92.45 ± 5.46 85.35 ± 6.63 51.27 ± 12.80
a
0.29 ± 1.78
3.05 ± 4.78 27.94 ± 5.83
b
32.01 ± 15.00 57.65 ± 16.72 74.54 ± 11.63

The two PCs (obtained from the enriched data - spectral
characteristics + colour parameters) were chosen to develop PCLDA and PC-QDA models. Leave-one-out-cross-validation test was
used to check the performance of the classifiers. The prediction
results of the honey’s botanical origin made by the proposed
classifiers, PC-LDA and PC-QDA, are shown in Figure 4a / Table 2
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Figure 5. Honey discrimination by PC-NN based model.
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Table 2: Discrimination accuracy of PC-LDA based model
Predicted Class by PC-LDA
Success: 78.12 %
Acacia Linden Honeydew
Acacia
6
2
0
8
Observed
Linden
4
6
0
10
Class
Honeydew
0
1
13
14
10
9
13
Table 3: Discrimination accuracy of PC-QDA based model
Predicted Class by PC-QDA
Success: 81.25 %
Acacia Linden Honeydew
Acacia
6
2
0
8
Observed
Linden
3
7
0
10
Class
Honeydew
0
1
13
14
9
10
13
Table 4. Discrimination accuracy of PC-NN based model
Predicted Class by PC-NN
Success: 84.38 %
Acacia Linden Honeydew
Acacia
6
2
0
8
Observed
Linden
2
8
0
10
Class
Honeydew
0
1
13
14
8
11
13

4. Conclusions
In this article the optical properties of Bulgarian honey were
investigated in regard to the potential of honey discrimination on
the base of its botanical origin. The fluorescence spectra combined
with the colorimetric parameters of CIELab were used for training
the PC-LDA, PC-QDA and PC-NN based classifiers and the
following prediction accuracies were obtained: 78.12 %, 81.25 %
and 84.38 %, respectively. The future work will include the use of
fluorescence spectra, with excitation and emission in UV region.
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MODEL DRIVEN DEVELOPMENT OF AGENT BASED AMBIENT INTELLIGENCE
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Abstract: In recent years the use of computer technique and information technology in the domain of Ambient Intelligence (AmI) has
been increasing significantly. For successful and efficient development of ambient intelligence systems and their components a new
approach is needed. The Model Driven Development (MDD) is an innovative approach for development of different software applications
using models at different levels of abstraction and applying model transformation to code generation. In order to satisfy the basic
requirements to the developed AmI, in the proposed approach, the MDD, based on Model Driven Architecture (MDA), is directed to combine
the use of agents as basic elements of the system and to model the internal and external communications in the system, based on the concept
of Service Oriented Architecture (SOA). Such a way, the paper proposes a layered modeling framework for model driven development of
agent based AmI systems with service oriented architecture. The deployment of the software on hardware resources is also part of the
software process model. Finally some conclusions are made.
Keywords: AMBIENT INTELLIGENCE, MODEL DRIVEN DEVELOPMENT, MULTIAGENT SYSTEMS, SERVICE ORIENTED
ARCHITECTURE, UML

their actions safer, more efficient, more informed, more comfortable
or simply more enticing. This means that the focus is moved from
the individuals that has to adapted, towards of the technologies
which need to be adapted to the individuals. As shown in Fig.1,
AmI spaces are combinations of two kinds of components;
components of operational technologies such as smart materials, I/O
devices such as sensors an actuators, ubiquitous communications,
adaptive software etc., and AI components including media
management and handling, natural interaction, computational
intelligence, context awareness, and emotional computing.

1. Introduction
Market penetration of more and more diverse embedded and
mobile devices set the agenda for solving the problem of ubiquitous
computers dealing with that will make possible the successful
implementation of diverse and heterogeneous applications in the
area of Ambient Intelligence (AmI). The upcoming trends in the
development of the software system in the domain of AmI are
connected with the development and implementation of distributed
information and control systems, consisting of multiplicity of
nonhierarchical modules linked together via different types of
communication systems. In order to control the complexity of such
distributed real-time systems the following main requirements have
to be fulfilled: reliable concept for decomposition and modularity,
openness for extensions in the cases of new functionality services
and devices, general architecture model of the system has to be
producer independent, use of encapsulated, reusable components.
The response to these new challenges is to use new advanced
methods in their development life cycle, such as the Model Driven
Development (MDD) in order to meet the requirements for
reusability, interoperability and cost efficiency. The second aspect
is the architecture of the developed system. One very important task
is to achieve modularity of the developed system and organizational
interoperability between the different components based on Service
Oriented Architecture (SOA). The third very important aspect in the
system development is to achieve a reactive and proactive behavior
of the system components through their modeling and
implementation as agents, based on the fusion between SOA and
Multi Agent Systems (MAS). The main aim of the proposed paper
is to suggest an approach for development of distributed
information and control systems for the domain of AmI, based on
the combined use of above mentioned advanced approaches of
software engineering.

Fig.1: Main research domain supporting AmI according [1]
The five main features that an AmI system should fulfill with
respect to its relation with users can be determined as [2]:
• Non-obtrusive: the system should not interfere with the user’s
life style through invisible, embedded and distributed devices.
• Context aware: the system should be able to recognize and
anticipate the context the user is evolving in and use this context to
react to his needs and requirements.
• Personalized: users’ profiles and environments are
heterogeneous. The system should be customizable in order to fit in
different environments and to be used by different users.
• Adaptive: the system’s behavior can change in response to the
actions and the needs of a person. New services and functionalities
can be added with respect to the user needs.
• Anticipatory: it anticipates the person’s desires and environment
status; it is context predictive and proactively enabler.

The paper is organized in 5 parts. After the introduction, in part
2 a short analysis of research requirements for AmI is proposed.
Part 3 discusses the main features of model driven development,
multi-agent systems and service oriented architectures. In Part 4 of
the paper the suggested approach is described. Finally some
conclusions are made.

2. Short analysis of research requirements for
achieving Ambient Intelligence space
Ambient Intelligence (AmI) is a vision of Information Society
and Technology Advisory Group (ISTAG) [1] for building of smart
environments that are reactive and proactive to people and make
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These properties of AmI systems cannot be achieved without
the use of new methods, technologies and tools, among which stand
out the buzzwords pervasive, ubiquitous, context-aware, profiling
etc. Another important factor in achieving the desired properties of
the AmI system is the choice of suitable architecture and software
infrastructure that enable easy integration, interoperability and
extensibility. Considering these aspects, in this paper an
infrastructure to support an efficient approach for development of
AmI systems, combining the approaches of MDD, SOA and MAS,
is presented. In the next part a short overview and comparison of
these approaches is given.

user data. This is the level at which user models reside. Level M2
holds a “model” of the information at M1. Since it is a model of a
(user) model, it is often referred to as a meta-model. Finally, level
M3 is a mode of the information at M2, and is characterized as the
meta-meta-model. For historical reasons it is also referred to as the
MOF. Very important aspect of the MDA approach is the
transformation between the different viewpoint models. Model
transformation relies on a set of mapping rules between models that
inform the transformer tool about the patterns it needs to follow to
output the target model [5]. The MDA approach is supported by the
OMG techniques like Unified Modeling Language (UML), Query
View Transformation Specification (QVT) and Meta Object facility
(MOF) [6]. In the core of MDA are the open standards, UML,
MOF, XMI, etc. UML [7] provide an integrated modeling
framework, covering structural, functional and behavior
descriptions. The UML notations support the development of
various diagrams that reflect different aspects of the system in order
to capture the full complexity in the phases of detailed analysis and
system design.

3. Short review of the applied techniques
3.1. Model driven development (MDD)
Model Driven Engineering (MDE) and Model Driven
Development (MDD) [3] are some of the most promising and
challenging approaches for development and maintenance of highly
distributed real time information and control systems such as the
AmI systems. Here the systems are presented as models that
conform to meta-models, and the model transformations are used to
manipulate the various representations. The main difference from
other development methods based on models is that MDD uses
Models as inputs to parameterized implementation generators, i.e.
implementation is (semi)automatically generated from the models.

MDD and MDA are suitable for use in the development of AmI
systems and its combination with SOA or MAS, because of the
opportunities they create through the applied meta-models and
model transformations for providing reusability, verification and
validation of models, integration and interoperability. There are
some successfully developed agent meta-model and transformation
means for development of MAS, such as for example: SODA,
MACMAS, DMLS4MAS, PIM4Agent, Pineapple, Sol, etc. A
review of these tools and applications is presented in [8].

Model Driven Architecture (MDA) [4] is a remarkable MDD
initiative of Object Management Group (OMG), providing a
powerful conceptual framework for development and
transformation of three interconnected types of models Computation Independent Model (CIM), Platform Independent
Model (PIM) and Platform Specific Model (PSM) towards
executable applications as shown in Fig.2. The main features of the
models are:
• CIM – is also known as business or domain model that uses
vocabulary to present the basic expectation from the system and to
bridge the gap between domain experts and developers. This
abstraction hides all specifications connected to the system
implementation.
• PIM – is a view of the system without any details about
implementation. Basic tasks of the PIM model are to model logical
data, to establish dependencies and defining workflows and
processes. Furthermore, PIM models must be sufficiently complete
and accurate to ensure a higher degree of automated implementation
of the models in the next layer (PSM).
• PSM – combine the PIM specifications with concrete platform
information needed for enabling system execution, i.e. the basic role
of this model is to ease the code generation using PIM and selected
execution platform.

3.2. Service Oriented Architectures (SOA)
Service Oriented Architecture (SOA) is a software model in
which the concept of a ‘service’ is an abstraction of a function used
by an application and provides an architectural approach that brings
the flexibility and agility required by today’s global business
environment [9]. The model of Service Oriented Architecture
(SOA) includes three main applications: application for providing a
service, application for requiring a service and application for
registration of service (Fig.3). The interactions between applications
involve three basic operations: publish, find and bind. They are
performed with the objects of web service model, which are: service
and service description. Service requestor is a client application
requesting data or functionality. To request data, the application
must call the web service. Service provider contains the web service
that can be used by any other application. Service registry contains
a description of all services that the user creates. When request a
web service, the service registry is looking for requested service and
sends the search result to the service requestor.

Fig.3: Model of SOA
Different environments for development of Service oriented
architectures and models are known. Some of the most popular and
used are: W3C Web Service Architecture, OASIS SOA Reference
model, ebXML, Semantic Web Services, JINI, OSGi etc. [10]. All
these initiatives are collections of best practice principles and
patterns in service-oriented design. The W3C Web Services
Architecture as one of the most promising architectures identifies

Fig.2: MDA conceptual framework
Traditional MDA infrastructure consists of a 4 layer hierarchy
of models. The bottom layer is referred as M0 and holds the “user
data”, i.e., the actual data objects the software is designed to
manipulate. The next level is M1 and holds a “model” of the M0
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the functional components of Web Service architecture and defines
the relationships among those components in order to affect the
desired properties of the overall architecture [11]. Web Services
generally use either SOAP or XML-RPC as communication method
for services, UDDI for service discovery and WSDL for service
description. Web services are process driven and use process model
to describe process orchestration. Orchestration is a composition of
business objects in process flows through defining the interactions
between them including business logic and execution order.
Choreographies on the other hand define collaborations between
interaction parties.

migration and retirement of agents. Recently are also available
some specialized tools for lightweight devices, some of them
suitable for the domain of AmI, such as DSML4MAS
(http://dsml4mas.sourceforge.net/), FIPA-OS, ASEME (for
Eclipse), Tropos (http://www.troposproject.org/), INGENIAS
(http://sourceforge.net/projects/ingenias/), Jade-Leap, etc. However,
there are limitations and drawbacks, associated with the variety of
devices and communication protocols, specific for AmI. As well
there are some agent-based development environments especially
for the AmI domain, as for example: THOMAS, MaRV, ALZThe discussion around the fusion of MAS and
MAS, CodeBlu, etc.
SOA is connected with enhancing some basic features of developed
distributed system, such as adaptability, flexibility, interoperability
and modularity. Moreover AmI systems must be improved in
respect to service discovery, self-organization, rich knowledge
representations and context-awareness. The combination of MAS
and SoA can be performed in different ways, as for example [16]:
• Through gateways between agent and services, translating
semantics.
• Using the concept of “agent-based services”, resulting in
encapsulation of single agents as services and direct access to other
services.
• Using the concept of “service-oriented agents”, resulting in that
they not only share services, but also complement their own goals
with external provided services, i.e. enabling agents in existing
systems to request, provide or manage web services.

MDD methodology may be used as a starting point for
development of SOA based applications. For example, Rational
Software has provided an extension to Rational Unified Process
(RUP) called RUP-SOMA, built by IBM for service-oriented
analysis and design and used for identification, specification, and
realization of services, service components, and flows [12]. Another
contribution towards the integration of MDD and SOA is the UML
profile for modeling services and SOA named SoaML profile
(http://www.SoaML.org, http://www.omg.org/spec/SoaML/), which
is proposed by OMG, and allows expanding the capabilities of
UML tools in the direction of modeling the basic elements and
constructs of SOA. The joint use of SOA and MDA (“ModelPro”
engine for Eclipse) reduces the development time of SOA
applications, facilitating their maintenance and prolongs their
lifespan.
3.3. Multi Agent Systems (MAS)

The presented approach for MDD development of AmI systems is
based on the concept of “service-oriented agents” and is shortly
discussed in the next part of the paper.

Multi Agent Systems (MAS) can be defined as “a loosely
coupled network of problem solvers (agents) that work together to
solve problems that are beyond the individual capabilities or
knowledge of each problem solver” [13]. Jennings and Wooldridge
[14] have defined an agent as “a computer system situated in some
environment and capable of autonomous action in this environment,
in order to meet its design objectives”. Agents have the following
main properties and characteristics [15]:
• autonomy: agents encapsulate some state (that is not accessible
to other agents), and make decisions about what to do, based on this
state, without the direct intervention of humans or others;
• socialability (interactivity): agents interact with other agents
(and possibly humans) via some kind of agent-communication
language, and typically have the ability to engage in social activities
(such as cooperative problem solving or negotiation) in order to
achieve their goals;
• reactivity: agents are situated in an environment, (which may be
the physical world, a user via a graphical user interface, a collection
of other agents, the INTERNET, or perhaps many of these
combined), are able to perceive this environment (through the use
of potentially imperfect sensors), and are able to respond in a timely
fashion to changes that occur in it;
• pro-activeness: agents do not simply act in response to their
environment, they are able to exhibit goal-directed behaviour by
taking the initiative;
• mobility: agents can transport themself across different systems
architectures and platforms.

4. Description of the suggested approach
In order to fulfill the basic requirements to the AmI systems, the
software infrastructure of the system is necessary to be distributed,
enabling self-organization of devices and their software
components. AmI systems are much more complicated than
traditional computing systems. Hence, characteristics such as
adaptability, flexibility, interoperability and modularity are more
important. Furthermore, these systems must provide common
improvements such as service discovery, self-organization, rich
knowledge representations and context-awareness.
The suggested model driven approach supporting the fulfillment
of above mentioned requirements uses MDA and comprises the
whole development life cycle of software development, starting
with CIM meta-model to the deployment. The approach is
illustrated in Fig.4 using 4 layers: one CIM layer, two PIM layers
and one PSM layer. Four principles as architecture cornerstones are
chosen:
• Model-driven principle using MDA of OMG, supporting the
platform independent and model based domain engineering;
• Service-oriented architecture using PIM4SOA meta-model
(http://pim4soa.sourceforge.net/):
• Web services meta-model for description of loosely coupled,
reusable, composable components;
• PIM4Agents meta-model [17] - platform-independent model
that specifies multiagent systems in a technology independent
manner.

The agent community has considerable interest in developing
methods and techniques for specifying, modelling, implementing
and verifying of MAS for distributed information and control
systems, as are the AmI systems, but so far no standardized design
methodology has been recognized. Several object-oriented
methodologies have been suggested for agent-oriented analysis and
design, based on UML. Important drawbacks of using UML to
model MAS are the modelling of agent communications as method
invocations and the absence of references to the mental state of the
agents. To overcome these drawbacks, the UML notations are
extended to reflect the characteristic properties of the agents.
Successfully extensions of UML are achieved in AUML, GAIA,
MESSAGE/UML, AgentUML, Prometheus, etc. Some of them are
based on FIPA standard (http://www.fipa.org) suggesting an agent
reference model for creation, registration, location, communication,

With the proposed approach it is possible to design an agentbased AmI system with service oriented architecture specifying
high level concepts in a platform-independent agent model
(focusing on the domain model), and later automatically transform
it for diferent implementation models, bridging the gap between
design and implementation. The use of two layers of PIM models
enables for horizontal transformation between the models of the
second layer and the use of "foreign" environments for
performance.
The platform-independent model for service-oriented
architectures (PIM4SOA) covers four important aspects:
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information, services, processes and quality of service. For example
the services aspect include the services, which are represented as
collaborations specifying pattern of interactions between
participating roles, as shown in Fig.5.

main idea is to achieve a layer based design that enables the
division of system elements into levels, reducing the coupling
between modules, facilitating abstraction as well as the distribution
of responsibilities. Combining SOA with MAS will improve the
characteristics of the system being developed in the direction of
meeting the requirements of anticipatory and adaptability. The
choice of PIM meta-models is essential to achieve the requirement
for context awareness of AmI systems.

Business
meta-model
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Abstract: The article describes an approach for creation virtual reality scenes of workshops for mechanical processing, using threedimensional models from CAD/CAM and on the basis of "immersion" of the designer in a virtual environment. Applications software and
hardware resources used to achieve the interaction between CAD/CAM models of the machine tools, equipment and human avatars and
virtual reality environment are described. Conclusions for the advantages and problems of the proposed approach and guidelines for future
work also are given.
Keywords: IMMERSIVE VIRTUAL REALITY; DESIGN WORKSHOPS FOR MECHANICAL PROCESSING; MACHINE TOOLS
LAYOUT; CAD/CAM.

(e.g. technical descriptions, instructions for servicing, maintenance
and installation). CAM is associated with all tasks concerning the
management and control of the manufacture or assembling of the
devices. These systems generate data on the direct control of CNC
machines, robots, transportation and storage systems. At this stage
the problems relating to the general organization of production, the
flow of material, the instrumentation, warehouse, etc., are also
considered.

1. Introduction
Contemporary Computer Aided Design (CAD) systems offer
large modeling features and functions for development of 3D
models of machine parts, assemblies and entire products, which
increase the productivity of the new products design [1, 6]. While
the geometrical structure of the CAD models is 3D since long time
ago, the user interaction within this software still remains
unchanged. At present time the most widely used CAD tools has
standard - Windows, Icons, Menus, Pointers desktop-based
Graphical User Interfaces, and the interaction is made through
standard computer keyboard, mouse and LCD display, which are
mainly 2D devices.

The difference between VR technologies and technologies for
designing often not understood properly [1]. Many users of CAD
software for design still believe that VR technology can be used
only for creation of PC games, 3D movies or attractive
presentations and they relate CAD systems only with high precision
engineering geometrical models. In fact, VR and CAD are
complementary technologies. CAD systems are set up to build
models and assemblies for VR can be used to display these models
by "immersion" the designer in the virtual environment. Some CAD
models now can be viewed in VR through use of special viewing
helmets or glasses, and software that formats video images to create
the impression of depth.

In the recent years, Virtual Reality (VR) technology became a
dynamic field of research that has begun to be used to a certain
extent in industrial and educational applications. VR provides new
perspectives for user interaction with CAD tools and models. It
enhances the immersion feeling and the depth perception of 3D
objects, providing information with less perceptive ambiguities.
This opportunity is important for example, when using CAD
applications for designing of workshops for mechanical processes,
where users must have a direct and thus better appreciation of
object shapes and dimensions of the environment. Many research
activities are currently focused to integrate CAD architecture inside
VR-systems in order to enhance the immersion feeling and the user
interaction interface.

The impression of depth results from seeing two perspective
views of a three-dimensional object that correspond to the same
views seen by our left and right eyes [4, 5]. There are two general
ways to create these views. The approach employed in VR helmets
is to use two small video screens, one for each eye, and send each
view to the respective screen. A second method, which is more
suitable for CAD applications, multiplexes the two images onto the
sequential video fields of an ordinary monitor (or projector). The
viewer wears an inexpensive set of glasses that contain an infrared
receiver and polarized left and right lenses. An infrared transmitter
synchronized to the alternating video fields sends signals to the
eyewear which cause each lens to shutter on and off at the
appropriate time so that each eye sees the corresponding left or right
view. To track the view provided by the eyewear in space requires a
special view controller consisting of three ultrasound speakers
sitting on top of the monitor. They emit signals to microphones
incorporated in the eyewear. Signals from both the eyewear and
speaker array go to a control unit. The controller detects phase
differences in the transmitted and received ultrasound signals, and
uses the information to track the user's head position. Software
calculates new perspective views from this information.

VR is composed usually of an interactive computer simulation,
which senses the user's state and operation and replaces or augments
sensory feedback information to one or more senses in a way that
the user gets a sense of being immersed in the simulation (virtual
environment). There are four basic elements of VR: the virtual
environment, virtual presence, sensory feedback (as a response to
the user's actions) and interactivity [9].

2. Interaction between CAD/CAM objects and VR
environment.
Computer aided design, manufacturing and engineering, called
CAD / CAE / CAM (Computer Aided Design / Computer Aided
Engineering / Computer Aided Manufacturing) are the best
currently existing form of organization of automated design data.
CAD systems are mainly designed to solve problems to describe the
geometry of parts, components and products in general (ZDdrawings or 3D-models). Over recent years their opportunities
widened and extended to other non-geometrical features required
for integration with other subsystems (CAE, CAM, etc.). The goal
is to avoid the "manual" reformatting data. The result includes
geometrical, digital and technological data used for description the
designed products (drawings, results of calculations, materials, etc.),
production specifications (bill of materials), experimental results
(e.g. protocols of measurements), and additional text information

3. Creation realistic models of mechanical
workshops in the VR environment.
Using CAD software intended for design industrial plants
In recent years, many software companies develops specialized
in designing of production plants CAD software products, such as
3D Plant Design (Autodesk), Siemens FactoryCAD™, Smap3D
Plant Design (CAD Partner GmbH), DELMIA Quest and DELMIA
Plant Layout (Dassault Systemes), etc. Even though these software
51

products are designed to help users design, simulate and analyze the
process flow in 3D factory environment, there are still various
difficulties to use them as effective tool to creating an immersive
VR environment. The more significant of them are: The equipment
libraries usually contains limited 3D templates of machine tools and
typical processing equipment for mechanical workshops; The user
interface often is quite difficult to grasp for the beginners such as
students and course participants, and this required extensive help of
instructors; Often there are no readily available user tutorials,
manuals and examples of their usage; Even though the modeling of
plant or workshop layout is entirely carried out in a 3D
environment, the user interface remains two-dimensional by using
ordinary computer displays; Another limiting factor often is the
price at which these high level CAD software products are offered.

distinct. Otherwise there will be difficulties in properly rendering
the different parts and animating the typical movements of machine
parts will not be possible. In addition, the most CAM software’s
(from medium and high level) usually are equipped with modules,
that allows users to create their own models of machine tools (and
also additional equipment such as clamps, vises, tool holders, etc.)
using standardized CAD methods and techniques, in case they are
not included in the libraries of the CAM software. These
peculiarities, and the ability to export to universal 3D formats
makes this approach preferable in comparison with using
specialized in designing of production plants CAD software or
creating trimeric models of different types of machines for
mechanical workshops from the scratch.
Based on this, below is described an algorithm for creating
realistic mechanical workshop (in real dimensions) into VR
environment of Vizard (WorldViz), including necessary basic
technological and auxiliary equipment, workshop building and staff.

For these reasons, the main objective of this work is to develop
an approach and methodology for relatively rapid creation of the
realistic models of workshops for mechanical processes in the
environment of the virtual reality, suitable for students, studying in
the majors of mechanical engineering.

4. Short description of the used computer software.

Using existing 3D models from CAM software, which
represent the real machine tools

At the core of the mechanical workshop VR scene creation
stays Vizard VR Toolkit (WorldViz) [11]. It is a versatile virtual
reality development interface designed for building and rendering
virtual worlds with minimum effort. Designed for rapid prototyping,
the toolkit gets creating fast and provides the resources to deploy
even the most challenging applications. This software supports
stereoscopic head-mounted displays, 3D sound and many peripheral
input devices, including head trackers and game pads. Distributed,
networked environments are also supported. Vizard is guaranteed to
support all head-mounted displays, LCD shutter glasses, and several
other specialty display technologies such as dome projectors and
auto stereoscopes. Most commercially available tracking devices
are supported in Vizard. The toolkit also supports numerous other
devices such as gloves, haptic displays, force-feedback systems, and
simple Microsoft Direct Input TM compatible gamepads and
joysticks. There is even built-in support for high-quality 3D sound
and multi-user networking. VRML and other 3D formats provide
immediate access to large 3D databases. The open-source language
Python is free and has an active user community providing a wealth
of resources for applications. Built-in human face and body models
and an accompanying morph designer offer a powerful tool to
almost instantly insert virtual humans into existing environments.
For custom bodies, 3DMax Character Studio bipeds can be
imported into Vizard. WorldViz also provides a large selection of
additional high quality avatars that are available for purchase.

For more realistic simulations of the machining processes, some
CAD / CAM systems (for example Delcam family: FeatureCAM,
PowerMill, but also PEPS, Edgecam, CAMWorks, etc.) enables
users to choose some previously defined 3D models of the machine
tools (associated with NC postprocessors), or ability to set their own
machines kinematics for simulating their specific milling, turning or
turn-milling machines in action. By using machine simulation the
operator not only catches part gouges or tool collisions in the work
piece, they can see the machine components in action and any
occurrences of axis over-travels and more. For 4th or 5th axis
programmers can see rotary rewinds, perform machined part
deviation analysis and even gather the minimum and maximum
cutting length data which is helpful for shops in the estimating
process. Examples of two real machine tools 3D models are shown
on Figure 1 (a, b). Each machine tool is described by its
mathematical model, which is referred to as the kinematic model of
the machine. These models contains information used by the
(Delcam) Postprocessor to transform coordinates received from the
CLDATA file (model coordinates) into coordinates of a machine
tool.

a)

Solidworks (Dassault Systemes), MS Visio (Microsoft) along
with SketchUp (Trimble Navigation, Ltd) can be used for creating
2D layouts of mechanical workshop, rendering the 3D models and
converting the machine tools files from FeatureCAM in suitable for
importing in Vizard VR Toolkit file formats. SketchUp is a 3D
modeling computer program for a wide range of drawing
applications such as architectural, interior design, civil and
mechanical engineering, film, and video game design [10]. The free
version of Google Sketchup can export 3D to .dae and Google
Earth's .kmz file format. The Pro version extends exporting support
to include the .3ds, .dwg, .dxf, .fbx, .obj, .xsi, and .wrl file formats,
which are supported in Vizard VR Toolkit. SketchUp also can save
elevations or renderings of the model, called "screenshots", as .bmp,
.png, .jpg, .tif. 3D Warehouse (formerly Google 3D Warehouse), an
accompanying website for SketchUp, is a free cloud service that
allows users to search, upload, download and share 3D models,
which facilitates further development of virtual workshops and
compiling them with additional (auxiliary) equipment.

b)

Fig.l: Realistic 3D models of real CNC machine tools: a) Haas Automation's
VF-4 vertical machining centre, included in FeatureCAM (Delcam) and b)
Turn-mill machining centre - CTX gamma 2000 TC 4A / linear (DMG
MORI), included in PowerMill (Delcam).

There are more than 100 previously defined 3D models of real
existing machine tools and robots, available in FeatureCAM and
PowerMill. The machine models are presented in specific formats,
called "Machine Design" files with extensions "*.mtd" in
PowerMILL and "*.md" in FeatureCAM, but they can be exported
into universal 3D vector formats, like: "*.stl" (Stereolithogrphic),
"".step" (ISO 10303), "*.x_t" (Parasolid) or "*.iges" (Initial
Graphics Exchange Specification) and after that imported for
aditional processing into third-party CAD or other type software for
3D modeling, animation, and rendering, like: Autodesk 3ds Max,
Maya, Maxon CINEMA 4D, etc. To accomplish the equipment
motion, every movable part of the 3D models of machine has to be

5. Purposed algorithm for creating VR scenes of
the mechanical workshops by using Vizard VR toolkit.
The proposed algorithm for creation VR scenes of workshops
for mechanical processing in the virtual reality environment based
on existing 3D models of the equipment is illustrated schematically
in the left side on Figure 2. On the right side in the same figure,
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Fig.2: An algorithm for creating virtual reality scenes of the machining workshop, using realistic 3D models of machines, avatars and auxiliary equipment.

graphically examples of the main stages of the algorithm, as well as
the final outcome of its implementation are also presented.

included in the specification for further processing. Each exported
model of Machine from FeatureCAM, during the next phase is
imported into Solidworks, MS Visio or SketchUP in order to obtain
2D template (a top view – see Figure 2) for the two-dimensional
layout of the machines in the workshop, and also maximum close to
the reality three-dimensional model of the machine for use in VR
environment.

For brevity it is assumed that the work on determining the types
of machines, their number, the pattern of their arrangement within
the area of the workshop, and the distances between them, and
between them and the walls, supporting columns of the building,
and transport routes, have been predefined, using standardized
methods [2,7,8]. Therefore, at the beginning of the algorithm as an
inputs are used the specification of the technical equipment (Bill of
Materials) and the scheme of machines layout in a workshop (or
factory building), based upon decisions about the type of
manufacturing process.

Referred software's above are not mandatory, and it is possible
other CAD-s (with similar functionality) to be used instead.
The resulting 2D sketches and 3D models of machinery,
equipment, buildings, etc., stored in appropriate file formats can be
imported, positioned or scaled (if necessary) in the virtual scene of
the mechanical workshop in the working environment of Vizard VR
Toolkit, using commands from Python open-source language. In

From the postprocessors and models of real machines library in
FeatureCAM (or Power Mill) are exported those, which are
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order to make the virtual model as much as possible closer to the
reality, in front of machines and workplaces can be added "avatars",
representing the workers or the auxiliary staff, and also specific
sounds and noises generated of people and equipment in the
workshop. The word "avatar" here (a Hindi word for the
embodiment of a deity) is commonly used to describe a virtual
object that represents a user or real object inside the virtual
environment.

and arranges them in the virtual space of the workshop, when
performing trainings.
• Increasing the degree of freedom of the user to manipulate
the objects in the virtual environment and to simulate in real time its
movement within the workshop by adding new markers or
integrating it with appropriate tracker devices, so that interactivity
and realism of the designed mechanical workshops may be
augmented.
• Add more scenarios with more specific applications in
others studied subjects, such as assembly of parts in the mechanical
engineering industry or other training applications such as
mechanical processing of work pieces, welding, etc.

As the final step of the algorithm, depending on the existing
computer hardware and VR peripheral devices used for
"immersion" the user in the virtual scene, it is necessary to choose
the method for creating the stereoscopic view of the VR scene.
Vizard VR Toolkit provides numerous methods (both passive and
active) for rendering in stereo, such as "Parallel displays",
"Anaglyphic", "Polarized filters", "Interlacing", "CAVE's" and
"Powerwalls", etc.
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6. Conclusion and future work
From the initially proposed objective, and considering the
obtained approach and algorithm for creating VR scenes of the
workshops for mechanical processing by using Vizard VR Toolkit it
is possible to conclude:
• The proposed approach in this work allows a relatively
rapid creation of realistic virtual reality scenes of mechanical
workshops, using 3D models of machines from CAM, auxiliary
equipment and basic elements of industrial buildings (from 3D
Warehouse cloud of the SketchUP), and animated avatars
representing the normal working moves performed the actual
workers;
• Suggested for use software resources (such as
FeatureCAM, MS Visio, Vizard VR Toolkit, etc.) has intuitive and
easy to learn UI, making them easy to use even by not specifically
trained users;
• The training methodology based on virtual reality brings
numerous benefits for the educational sector compared to the
traditional methods, and more specifically for the disciplines of
mechanical engineering field, enabling a greater amount of trainings
and being a very important option to solve the high cost of training
problems.
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They will discuss two specific approaches to effort estimation that
may be viewed as some derivative of this general formula.
COCOMO Estimation Models The first estimation model they
will look at here is the constructive cost model (COCOMO)
approach, which originated in [1]. They will utilize the intermediate
level here as an illustration and show the overall COCOMO estimation process. The following is a summary of the steps in
COCOMO estimation:

Introduction
There are many specific techniques involved in each of the four
major sets of activities called POMA (Planning, Organizing,
Monitoring, and Adjusting) phases. Some require extremely deep
technical knowledge and others demand great social skills, in this
section, we will focus on four commonly needed project
management skills: project effort estimation, work breakdown
structure, project status tracking with earned value and development
measuring & metrics The first two of them are techniques needed in
the planning and organizing phases, and the third is needed in the
monitoring phase. The fourth is needed for part of planning and for
monitoring.

• Pick an estimate of what is considered as three possible project
modes: organic (simple), semidetached (intermediate), and
embedded (difficult). The choice of mode will determine the
particular effort estimation ;
• Estimate the size of the project in thousand lines of code
(KLOC);

I. Project Effort Estimation
Estimating the software project effort has been a difficult task. In
estimating software project effort there must be some inputs that
describe the project requirements. The accuracy and the
completeness of these inputs is a significant problem. Because the
inputs themselves are mostly estimates, it becomes necessary to
convert them into a single numerical number expressed in some
u n i t of measurement such as person-months. After the effort has
been expressed in some units, the problem of uniformity must be
faced, In other words, one person month may vary dramatically
depending on the skill level of assigned person. In spite of these
problems, it is still necessary to estimate the project effort and put a
plan together. With so much uncertainty, it is not difficult to see
why monitoring and adjustment phases are crucial to project
management.
In general, the estimation may be viewed as a set of project factors
that may he combined in some form to provide the effort estimate.
The formula can be used:
Unit of effort = a + b (size) c + ACCUM(factors)
The units of effort are often person-months or person-days. The
constant a may be viewed as the base cost of doing business. That
is, every project has a minimum cost regardless of the size and the
other factors. This cost may include administrative and support
costs (such as telephone, office space, and secretarial staff). The
variable size is an estimate of the final product size in some units,
such as lines of code. The constant b is a figure that linearly scales
the size variable. The constant c allows the estimated product size to
influence the effort estimation in some nonlinear form. The
constants b and c are derived through experimentation with past
projects. The term ACCUM(f a c t o r s ) is an accumulation of
multiple factors that further influence the protect estimation (the
function ACCOM may be an arithmetical sum or an arithmetical
product of a list of factors, such as technical, personnel, tools, and
process factors, and other constraints that influence the project).

• Review number of factors, known as cost-drivers, and estimate
the amount of impact each factor will have on the project: the team's
understanding of the project objectives, the team's experience with
similar or related projects, the project's need to conform with
established requirements, the project's need to conform with
established external interfaces, the need to develop the project
concurrently with new systems and new operational procedures, the
project’s need for new innovative technology, architecture or other
constrains, the project’s need to meet or beat the schedule, project
size;
• Determine the effort for the software project by inserting the
estimated values into the effort formula for the chosen mode.
The three modes of organic, semidetached, and embedded may be
roughly equated to simple, intermediate, and difficult projects,
respectively, Most of the projects will have a mix of project
characteristics. For example, the parameter “project size” may be
small but the parameter “need to meet or beat the schedule” may be
very stringent for the specific software project. Even just
considering these two characteristics, it would be difficult deciding
whether a project is simple or intermediate. Imagine the difficulty
of making a decision on the project mode when a software project
has a mixture of eight characteristics. There are estimation formulas
for three modes (with effort unit in person-months):
Organic:
Effort = [3.2 x (size)1.05] x PROD (f ‘s)
Semidetached:
Effort = [3.0 x (size)1.12] x PROD (f ‘s)
Embedded:
Effort = [2.0 x (size)1.2] x PROD (f ‘s)
Thus, based on the eight parameters, if we decide that the project is
simple (organic), the effort for the organic mode will he estimated
with the equation Effort = 3.2 x (size)1.05. This estimation equation
provides the basic estimation of project effort in person-months, and
it is the first level of estimation.

55

The next level of estimation in COCOMO is considering the
additional project factors (called cost-drivers). PROD (f‘s) is
arithmetic product function that multiplies cost-drivers. Each of
these cost-drivers has a range of numerical values (from very low to
extra high). They may be categorized into four main groups:
•

Product attributes : Required software reliability, Database
size, Product complexity

•

Computer attributes : Execution time constraint, Main memory
constraint, Virtual machine complexity, Computer turnaround
time

•

to develop any intermediate internal deliverable needed for final
external deliverable;

Personnel attributes: Analyst capability, Application experience, Programmer capability, Virtual machine experience,
Programming language experience

•

Provide an estimate of the productivity of the personnel that is
most likely to be assigned to each task;

•

Calculate the time required to accomplish each of the tasks by
dividing the effort estimate by the productivity estimate for each
task;

■ Task2: Develop a list of major test scenarios;
■ Task 3: Write the script for each of the major scenarios;
■ Task 4: Review the test scenarios;
■ Task5: Modify & change the scenarios.
These five tasks appear to be sequential, and they are at a macro
level However, we can probably gain some speed if some of the
major tasks can be subdivided into smaller pieces and be performed
in parallel If would also seem that as some of the test scenarios are
developed they c a n be reviewed and fixed. So, we may consider
some overlapping of subtasks when we are ready to convert the
WBS to a schedule. For illustration purposes, we divide Task 3 into
Task 3a, Task 3b, and Task 3e to represent three equally divided
sub-tasks of the script-writing activities. Task 4 can be decomposed
to Task 4a, Task 4 b, Task 4c to match the three Task 3
subactivities. Similarly, Task 5 can be subdivided into Task 5a,
Task 5b, and Task 5c to match the three subactivities of Task 4.
Figure 1shows what the WBS network of tasks for this deliverable
would look like. Clearly illustrating the WBS and the sequence
along with which tasks may be carried out in parallel, thus figure
can become a very convenient tool when the number of tasks and
sequences is large.

2. External outputs
3. External inquiries
4. Internal logical files
5. External interface files
Each component is assigned a weight based on three possible
descriptions of the project:
1 . Simple
2. Average
3. Complex
The important thing is that all of these efforts of estimates are
indeed just estimates. Project managers must apply some
intelligence and appropriate amount of buffer to these calculations
before conveying any efforts estimates to the customers or the users
or event to their own management.

Task1

II. Work Breakdown Structure
Estimating a complete project work effort is an important but
difficult task, It can be made a little easier if the overall project is
divided into smaller portions that provide a basis for the rest of
planning activities such as scheduling and staff assignments. The
work breakdown structure (WBS) is a depiction of the project in
terms of discrete subactivities that must be conducted to complete
the project. WBS first looks at the required deliverables of the
software project. Then, for each of the artifact that needs to be
delivered, a set of high level tasks that must be performed to
develop the deliverable is identified. These tasks are also presented
in an ordered fashion so that task scheduling can be accomplished
from the WBS. The following is a framework for performing WBS:

Identify the steps and tasks required to produce each of the
external deliverables, including the tasks that would be required

Provide an estimate of the effort required to perform each of the
tasks;

■ Task1: Read and understand the requirements document;

1 . External inputs

•

•

For each external deliverable, lay out the timeline of all the
tasks needed to produce that deliverable and label the resources
that will be assigned to the tasks.
For example, let's consider an external deliverable of test scenarios
for a small software project that is estimated to be around 1000 lines
of code or involve approximately 100 function points. As part of the
WBS, we need to first list the tasks that are required to produce this
deliverable. Such a list may look as follows:

Project attributes : Modern practice use, Software tools use,
Development schedule requirement
The difficulties with COCOMO Include the choosing of the
particular project mode based on the 8 parameters, the estimation of
product size, and the considerations of the 15 cost -drivers. These
all require some past experience. Therefore, almost all experienced
managers would attach some amount of buffers to the estimate.
Function Point Estimation The lines of code unit of measure have
dominated the software estimating arena for many software
engineering years. But it has had its share of problems and many
different metrics have been proposed along the way. Function point
was first introduced by [2]. It has gained popularity and is an
alternative to the lines of-code metric for size of a software project.
While many improvements and extensions have been made to this
technique, we will describe the original version here.
Five components of software are considered in the function point
estimation process:

Examine and determine the required external deliverables of the
software project;

Sequence the tasks, including the specification of tasks that may
be performed in parallel;

•

•

•

•

Task2

Task3a

Task4a

Task5a

Task3
b

Task4
b

Task5
b

Task3c

Task4c

Task5c

End

Fig.1
The next step is to estimate the effort required to complete each of
the tasks. For Task 1, we need to estimate the effort required to read
and understand the requirements of a project that is about 1000 lines
of code or about 100 function points, For Task 2, we need to
estimate the number of test scenarios that would need to be
developed and how long it would take to come up with such a list.
For Tasks 3a, 3b, and 3c, we need to estimate the effort needed to
develop the test scripts for one-third of the scenarios. Similarly, we
need to estimate the effort required to review one third of the
scenario scripts for Tasks 4a, 4b, and 4c Estimating effort needed
for Tasks 5a, 5b, and 5c would be very difficult because they
depend on how many modifications are required as a result of Tasks
4a, 4b, & 4c. Nevertheless, all these initial estimates must be done.
Fortunately, we do get to adjust our project because adjustment is
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an intricate part of the four phases of project management. After
these initial estimations have been made, we need to make an
assumption and estimate the level of competency or the productivity
of the people who will be assigned to all of these tasks. Then the
estimated time for each of the tasks in Figure 3 can be computed by
dividing the estimated effort by the estimated productivity. Figure 2
shows the same WBS tasks with the estimated time units required to
perform these tasks and the order of the tasks. From this
information we can establish the preliminary schedule as shown in
Figure 3. Note that there are three main parts to the schedule; (1) the
tasks, (2) the human resource assignment, and (3) the time units.

WBS, and the result is an unattainable and unrealistic project
schedule
III. Project Status Tracking with Earned Value
Keeping track of or monitoring project status is the activity that
compares what was planned against what actually took place. There
are multiple project’ attributes that need to be tracked. Most of them
are identified in the set of goals stated in the project plan. They are
comparing the actual status of the attributes expressed as project
goals against what was planned. They will discuss the tracking of
project efforts using the concept of earned value (EV).
When using the earned value management technique, the
fundamental concept is to compare the status of how much effort
has been expended against how much effort was planned to have
been expended as some point of time. First they will need some
basic terminology, and then an example will be provided to clarify
these definitions
• Budgeted cost of work (BCW) – the estimated effort for each of
work tasks;
• Budgeted cost of work schedule (BCWS) – the sum of estimated
effort of all tasks that were scheduled to be completed at a
specific status-checking date; this according to the plan, to be
completed at a specific status-checking date);

Fig.2
The transformation from WBS task network to an initial schedule
directly moved two items: the tasks and the time units. The middle
column in Figure 3 lists the presumed staff resource assignment, an
important consideration that is the source for the productivity
assumptions used to compute and estimate the time units required to
complete the task, Earlier, it was also mentioned that the tasks may
overlap. Once the initial schedule is formulated, the project
management may look for the possibilities of overlapping the tasks,
besides the already shown parallel tasks. In this example, the end of
Task 1 and the beginning of Task 2 may overlap. The overlapping
of subtasks, Task 3a 3b, and 3c with Task 4a, 4b, and 4c would be a
lot trickier because a different person-a person who is committed to
writing test scripts but may not have completed the writing taskmust perform the review. Without including the column on resource
assignment in the initial schedule, these kinds of subtleties may
escape the project planners. In our example here, we have chosen to
keep everything simple and showed no overlap of tasks in the initial
schedule.

• Budget at completion (BAC) - the estimate the total project
effort;
• Budgeted cost of work performed (BCWP)– the sum of the
estimated efforts of all the tasks that have been completed at a
specific status-checking date;
• Actual cost of work performed (ACWP) – the sum of the actual
efforts of all the tasks that have been completed at a specific
status-checking date.
A factor that should be remembered is that BCWS, BCWP, and
ACWP are all stated in terms of a specific status - monitoring date.
Thus those values will change relative to the status date.
Example: Earned Value: date 4.5.2014
Tabl.1

BAC for budget at completion:
BAC = 10 + 15 + 30 + 25 + 15 + 20 = 115 Pers/days
Status tracking date - 4.5.2014 BCWS includes Task1 &2:
BCWS = 10 + 15 = 25 Pers/days
Estimated Work completed at 4.5.2014: Task 1& 2& 4
BCWP= 10 + 15 +25 = 50 Pers/days
Actual effort expended at 4.5.2014: Task 1& 2& 4
ACWP= 10 + 15 +25 = 50 Pers/days
Earned value (EV) is an indicator that will tell us how much of the
estimated work is completed on a specific date. It compares the sum
of all the estimated efforts of the completed tasks as of the status
date against the sum of the estimated efforts of all the tasks:
EV = BCWP / BAC
In terms of example, EV =50/115 = 0.43
They may interpret this to mean that the project is 43% complete as
of 4/5/2014
There are two more status indicators that can be derived from the
definitions. These are variance indicators that, once again, compare
the planned or estimated value against the actual value., The first

Fig.3
Considering all the different types of estimations that went into the
task network of Figure 2, we should anticipate that the first schedule
shown in Figure 3 will need to be modified as the project proceeds,
This initial schedule should be reviewed by as many of the project
constituents as possible before the schedule may be regard as a
planned schedule.
Work breakdown structure is an important and necessary input to
the creation of the initial schedule.Unfortunately, many software
project schedules are constructed without developing a thorough
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one is a schedule variance (SV) indicator, which is defined as the
difference between estimated efforts of the tasks that have been
completed by the status date and the estimated efforts of the tasks
that were scheduled or planned to have been completed by the
status date:
SV = BCWP - BCWS
In example, on 4/5/2014, BCWP is 50 Pers/days, and BCWS is 25
Pers/days. Thus SV = 50 -25, or 25 Pers/days. They may interpret
the project status as 25 Pers/days ahead of schedule from an effort
perspective.
The second variance indicator is the cost variance (CV), which is
defined as the difference between the estimated efforts of the tasks
that have been completed at the status date and the actual efforts
expended for the tasks that have been completed at that status date:
CV = BCWP - ACWP
In example, on 4/5/2014, BCWP is 50 Pers/days, and ACWP is 55
Pers/days. Thus CV = 50 - 55, or -5 Pers/days. In this case, on
4/5/2014, they have 5 Pers/clays of effort cost overrun.
The earned value management system provides us with a concrete
way to monitor project status from a cost/effort perspective.
However, the schedule variance is not an indicator of calendar time
schedule but an effort schedule. More indicators may be constructed
from this basic set of definitions, but we will not include thorn here,
They have found that the set EV, SV, and CV provide a good
indicator of project status, but we must still remember to look
beyond the numbers, ask questions, and delve into other parameters
when monitoring a software project. As a final reminder, if the
monitored information indicates potential project problems, then
adjustments must be made. Do not wait for some project-saving
event to occur on its own.

4. Devise the mechanism to capture the metrics; this could include
manually counting the number of defects in each designed class in
the UML diagram.
The Goal-Question Metric (GQM) [3] introduced approach to
software metrics. GQM has been used quite successfully by many
organizations. This approach defines a measurement model based
on three levels: Conceptual level: Establish a goal (For instance:
Improve the time to locate a software code problem), Operational
level: Develop a list of questions related to the goal (For instance:
How does the program complexity influence software debugging
time), Quantitative level: Develop metrics.
The nominal level allows us to distinctively categorize a property.
For example, consider the case of measuring the number of
software defects by source categories such as design, code, test,
integration, and packaging.
The ordinal level provides an ordering of the property, For example
when one is measuring customer satisfaction with categories of very
satisfied, satisfied, neutral not satisfied, and very dissatisfied, This
metric is more than just nominal because it also provides an
ordering of very satisfied to very dissatisfied.
The third level of metrics is the interval level. The interval level
allows us to describe equal intervals. Note that they could not have
performed this type of operation with ordinal-level metrics.
Consider the difference between very satisfied arid satisfied and the
difference between satisfied and neutral in the ordinal metric
example. These two differences are not necessarily of equal
intervals.
The final metric ratio, allows comparing the ratio of two
measurements because it has a defined 0 in the metric. For example,
it makes sense to say program A, which has 100 lines of source
code, is 4 times the size of program 8, which has 25 lines of source
code. This is a result of the established 0 line of code as minimum
size. The ratio scale is the highest metric level

IV. Measuring Project Properties and GQM
We have discussed the need to set goals for a software project
during the planning stage so that these goals can be tracked and
checked to see if they have been met, The goals are stated in terms
of such properties as schedule, cost, productivity, maintainability,
defect quality, and so on. The specific characteristics of interest
must be well defined before any measurement of can take place.
Besides setting and tracking goals, reasons for management include
the following

Summary
A general formula for effort estimation that involves several
parameters is shown. The principles behind the original COCOMO
estimating methodology are explained and then its extensions and
modifications into COCOMO II are introduced. The function point
estimation technique for project size is shown as an alternative t o
the line-of-code estimation technique. The OO effort estimation
technique is involved with estimating the number of key classes and
the assumed productivity level of the software engineers. Another
important planning technique, work breakdown structure, is
demonstrated with a network of tasks and their respective estimated
efforts. The significance of WBS to developing an initial project
schedule, in a bar chart form, is explained with an example. Project
monitoring involves the ongoing comparison between what is
planned and what is actual. Earned value management is introduced
as a viable technique for monitoring the project effort and project
schedule. This process essentially compares the planned or
estimated project task efforts against those project task efforts that
were actually expended. They have explained the need for setting
goals and tracking the goals as part of project management.

• Characterization Allows to gather information about and
intelligently describe a property;

• Tracking: Allows us to gather information about a property
through such parameters as time or process steps;

•

Evaluation: Allows us to analyze the property via gathered
information;

•

Prediction: Allows us to correlate properties and to
extrapolate or conjecture about the property based on the
gathered information,

•

Improvement: Allows us to identify areas of improvement
based on an analysis of gathered information
It is critical for software engineers to join the rest of the engineering
communities to adopt measurement arid quantitative analysis.
Measurement is a vital part of quantitative management. Software
(product or project) measurement is a mapping of an attribute of a
software product or project to some set of numeric or symbolic
entities. It can be deceivingly tricky to come up with good
measurements.
1. Conceptualize the entity of interest such as the software product
or project, the members of the project team, etc,
2. Clearly define the specific attributes of interest such as product
design quality, programmer productivity, and project cost, etc.
3. Define the metrics to be used for each attribute of interest such as
defects per class in a UML class design diagram, lines of code
developed per programmer month, dollars expended per project
month, etc.
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Module «Optimal choice of the cross sections of wires». During
the optimal choice of wire sections the following problems were
solved:
− Calculation of the currents in the circuit sections of
calculation scheme for normal and directive modes taking into
account the changes in the current distribution as to the modes of
consumption;
− Determination of maximum currents of circuit
sections for normal and directive regimes;
− Checking the wires as to the maximum permissible
current;
− Checking as to permissible rated voltage at the
terminals of consumers;
− Checking the protection ability of wires by protection
devices.
Module «Selection and testing of protective devices». During the
selection and testing of devices of protection the following
problems are solved:
Calculation of currents in the circuit sections of
calculation scheme for normal and directive modes taking into
account the changes in the current distribution as to the modes of
consumption;
Calculation of the currents in the circuit sections of
design scheme for short-circuit modes;
Checking the correct choice of protection devices as
to the rated current;
Checking the correct selection of protection device in
overloads in case of electric motor loads;
Determining the sequence of triggering of protection
devices in the modes of short-circuit and checking the selectivity of
protection;
Checking the protection devices for resistance to
short-circuit currents.
The developed modules are identified parts of computer-aided
design to ensure obtaining the completed design solutions and
appropriate design documents. Structural integration of modules in
the system is carried out with the help of connections between the
components of computer-aided design of electrical complexes of
vehicles. Fig. 1 is CAD block diagram of vehicle with the existing
and new special software. Information interconnection of generated
specialized modules with other programs and system database is
carried out by means of data exchange programs.
The scheme is based on the analysis of the design process for
various types of vehicles, generalization of experience of research
works on creation of computer-aided design of electric-technical
complexes of vehicles [4,5].
According to the proposed scheme, the pilot design of electrical
systems of trucks was carried out. The developed software modules
were studied on a number of modified electrical circuits of trucks
under various constraints. As a result, the defects (errors) and
recommendations are identified: protection devices, through which
the current flows exceeding the nominal; wires, in which the current

1. Introduction
Designing of power supply systems of vehicles is currently
impossible without use of software products of CAD, CAM, CAE,
CALS systems and (PLM) technology.
The market of information technologies in the design of power
supply systems is widely presented by multi-purpose tool systems
of computer-aided design: ElectriCS, E3.Series, Catia, Siemens NX,
Cimatron, Cimacable, Solid Works, and others. [1,2,6]. These
systems allow us to solve in the single project space the full
spectrum of electrical design of modern vehicle, from development
of schematic diagrams to formation of bundles and output of all
design documentation in electronic form. But most of them are
graphical - information tools to support the design process. The
quality of the design decisions here depends largely on the readiness
of personnel and expertise. Optimization problems, analysis of
quality and reliability of the designed electrical systems are not
solved by existing CAD systems. To solve these problems it is
necessary to create algorithms and specialized software that solves
the optimization problems.

2. Means for resolving the problem, discussion
and results
The composite structural parts of CAD of power supply systems,
reflecting the design problems [2-5] are the following projecting
modules: electrical equipment layout, placement of electrical
equipment, wiring the electrical circuits, formation and tracing the
bundles, analysis of operation modes of electric energy distribution,
choice of protection devices, optimization of cross sections of
wires, calculation of the balance of electrical energy and other. By
present, the Department of Electrical equipment completed by-stage
implementation in practice of the following software modules:
«Analysis of operation modes of electrical systems of vehicles»,
«Optimal choice of cross sections of wires», «Selection and testing
of protective devices».
Module «Analysis of operation modes of electrical systems of
vehicle». In the course of performing the analysis the following
problems are solved:
− Calculation of the currents in the sections of power
circuits and voltages in the nodes for normal modes, taking into
account the change of current distribution as to the modes of
consumption;
− Determination of maximum currents of circuit
sections and minimum node voltages of the scheme;
− Calculation of the short-circuit current in different
places;
− Checking as to permissible nominal voltage at the
terminals of consumers;
− Determination of maximum time off by fuse of the
short circuit place.
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exceeded the permissible value; nonselectivity of triggering of
protection devices. Analysis of the results of implementation shows
that shortening the terms of design of electrical systems in the
modification of truck is about 8,5 hours.

5. Literature
[1]

3. Conclusion
[2]
The introduction of this technique and developed software in
industrial operation allowed us to significantly reduce
computational time and laboriousness in designing the electrical
systems, to increase the reliability of calculations because of
elimination of mechanical errors of non-automated designing,
operatively make changes to documents, to release the engineers
from routine work. In addition, the use of design and project
information as input data for the programs to obtain product
documentation for manufacturing and control of components of
electric systems of vehicles also helps to speed up the development
of product by manufacturer. Thus, the certain economic benefits are
achieved, which are provided by reducing the design time by 812%.

[3]

[4]

[5]
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ABSTRACT:THE MAJOR OBJECTIVE OF THE TRANSPORTATION PROCESS–SATISFACTION AND BEST INTEREST OF THE
CUSTOMERS USING TRANSPORTATION SERVICES. SPECIFICALLY THIS IS MANIFESTED IN THE ORGANISATION OF
MULTIMODAL TRANSPORTATION BASED ON ALL PRINCIPLES OF LOGISTIC ACTIVITIES.

equipment to unload the cargo from the train and load it
into the ship (vessel) or vehicle and visa versa, the
power of the unloading and loading equipment, the
capacity of the warehouses and the availability of the
necessary means for maneuver.
to coordinate the parameters of the mobile means of the
interacting modes of transport. In particular there has to
be a compliance between the loading capacity of the
vessel and the railway composition (the mass of the
train); between the loading capacity of the carriage and
the motor car; the special purpose of the vessel and the
carriage.
to plan rationally the transportation junctions, the
location of the separate elements and departments inside
them, the provision of the parameter and geometrical
compliance of the track (road), the mobile means and
the loading equipment.
to create a reliable and comfortable system – telephone,
teletype or other connection first of all between the
operating staff providing the combined transportation in
the transportation junctions. [3]
The technical aspect is complicated enough and is subject
to further not only practical but also a theoretical
development.

Introduction
Nowadays the observation of contemporary schemes of “door
to door” cargo transportation implementing the transportation
processes of several modes of transport is considered of high
importance. However this is not possible without the clarification
of the relevant terminology accepted in the international practice.
We are going to examine the terms combined, intermodal and
multimodal cargo transportation. “The terminology of combined
transportation” has been developed by the European Economic
Commission UN (EEC UN) and the European Committee as well
as discussed during the European Conference of the ministers of
transport.

1. Key definitions
Multimodal transportation – transportation of cargo (goods)
using two or more modes of transport.
Intermodal transportation – involves successive transportation
with two or more modes of transport in one and the same cargo
(load) unit or road vehicle without any handling of the cargo itself
when changing modes of transport.
Combined transportation is a form of intermodal cargo
transportation where the major part of the inter-continental route is
traveled by railway, inland waterways or sea transport and an
arbitrary initial and/or final part of the road - by motor transport
which is as short as possible and in this way the term “multimodal
transportation” turns out to be common for both intermodal and
combined transportation and includes them.

3. Technological aspect
The technological aspect deals with the necessity all the
operations for cargo handling to follow (observe) unified
rules which are instrumental for the accomplishment of a fast
and effective transfer of loads from one mode of transport
into another. Today the coordination of the technological
processes between the branches is absolutely necessary. This
refers to the railway stations, motor vehicle (truck)
companies, ports and other units in the junctions. In order to
synchronize the work, mutually acceptable “unified
technological processes” are traditionally developed in the
form of an independent document which has to receive the
confirmation of staff representatives of the different modes of
transport. We can say that the interaction between the see,
rail, river and road transports is organized by the
implementation of unified technological processes in many
transport junctions. [3]

On its turn intermodal transportation includes in itself the term
combined transportation which has a more narrow meaning and
turns out to be a subtype of intermodal transportation. [1] [2]
Multimodal transportation tends to be more universal because it
integrates different subsystems of transportation resulting in the
emergence of a new legal subject - the multimodal transportation
operator (MTO) who signs a “door to door” transportation
contract with the owner of the goods or the shipping agent. That
contract is the unified transportation tariff which leads to the
issuance of an unified transport document – multimodal Bill of
Lading FIATA.

4. Organization

2. Technical aspect

As far as the organization is concerned the interaction is
provided on the one side by the mutual development of a
number of specific documents, regulating the comparatively
long-term functioning of the different modes of transport and
on the other side by accepting a unified system of operative
planning of the current work. The contact schedules for the
movement of the transport units along the lines connected to
the junctions which guarantee coordination of the frequency
and regularity of the movement of the units to the junction,
could be considered a specific document. The unification of

The Technical aspect of the interaction is reduced to
construction and power unification of all elements and junctions,
different modes of transportation participating in the realization of
the combined transportation. For that purpose it is necessary:
-

to coordinate the admission and processing capacity of
the connected lines carrying the combined cargo as well
as those of the equipment (machinery) in the individual
junctions for example the capacity of the railway roads
on the stations and the port docks, the capability of the
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the system of operative planning in all elements of the
junctions can be accomplished by the usage of unified forms
of time schedules and work shifts, introduction of unified
time of beginning and ending of the work shifts. In Тable 1
are given the results for international transportation of goods.
Table 1. Import-Export for Bulgarian ports for 2012 and 2013
Months

Export - FOB

Import - CIF
ЕС2

ЕС2

I.2012

2810,3

1733,9

1076,4

3501,3

2130,3

1371,0

II.2012

2862,9

1659,7

1203,2

3603,3

2125,2

1478,1

III.2012

3363,6

2053,3

1310,3

4207,2

2540,7

1666,5

I - III.2012

9036,8

5446,9

3589,9

11311,8

6796,2

4515,6

IV.2012

3171,8

1950,5

1221,3

4277,3

2348,4

1928,9

V.2012

3647,7

2149,9

1497,8

4646,8

2679,1

1967,7

VI.2012

3462,2

2017,5

1444,7

4372,3

2643,4

1728,9

IV - VI.2012

10281,7

6117,9

4163,8

13296,4

7670,9

5625,5

I - VI.2012

19318,5

11564,8

7753,7

24608,2

14467,1

10141,1

VII.2012

3645,9

2251,4

1394,5

4341,6

2657,5

1684,1

VIII.2012

3658,4

1979,5

1678,9

4115,4

2232,0

1883,4

IX.2012

3549,9

2120,9

1429,0

4033,4

2351,8

1681,6

VII - IX.2012

10854,2

6351,8

4502,4

12490,4

7241,3

5249,1

I - IX.2012

30172,7

17916,6

12256,1

37098,6

21708,4

15390,2

X.2012

3637,5

2106,5

1531,0

4537,8

2630,0

1907,8

XI.2012

3802,9

2230,6

1572,3

4340,5

2718,9

1621,6

XII.2012

3009,8

1680,1

1329,7

3816,8

2202,1

1614,7

X - XII.2012

10450,2

6017,2

4433,0

12695,1

7551,0

5144,1

I - XII.2012

40622,9

23933,8

16689,1

49793,7

29259,4

20534,3

I.2013

3482,5

2018,0

1464,5

3724,5

2067,5

1657,0

II.2013

3243,0

1952,2

1290,8

4033,2

2458,5

1574,7

III.2013

3476,6

2172,7

1303,9

3852,9

2333,5

1519,4

I - III.2013

10202,1

6142,9

4059,2

11610,6

6859,5

4751,1

IV.2013

3866,5

2191,7

1674,8

4359,9

2624,7

1735,2

V.2013

3308,9

1879,3

1429,6

4131,5

2374,3

1757,2

VI.2013

3437,8

2041,0

1396,8

4240,2

2549,1

1691,1

IV - VI.2013

10613,2

6112,0

4501,2

12731,6

7548,1

5183,5

I - VI.2013

20815,3

12254,9

8560,4

24342,2

14407,6

9934,6

VII.2013

3992,4

2438,0

1554,4

4670,0

2850,9

1819,1

VIII.2013

3917,0

2384,8

1532,2

3878,3

2191,6

1686,7

IX.2013

3779,0

2448,4

1330,6

4570,1

2794,8

1775,3

VII - IX.2013

11688,4

7271,2

4417,2

13118,4

7837,3

5281,1

I - IX.2013

32503,7

19526,1

12977,6

37460,6

22244,9

15215,7

X.2013

3962,7

2392,2

1570,5

4535,5

2764,9

1770,6

XI.2013

3970,9

2452,6

1518,3

4526,4

2669,2

1857,2

XII.2013

3121,9

1740,2

1381,7

3992,9

2485,7

1507,2

X - XII.2013

11055,5

6585,0

4470,5

13054,8

7919,8

5135,0

I - XII.2013

43559,2

26111,1

17448,1

50515,4

30164,7

20350,7

5. Economical aspect
In the economical aspect the first and most important
prerequisite for the provision of the interaction is the creation
of identical plans for combined cargo transportation and their
submission for execution to all the subdivisions of the
corresponding modes of transport. The long-term and
especially the annual and operational plans for transportation
(quarterly, monthly) should coincide in their capacity,
nomenclature, terms, starting points, unloading and
destination, names of the companies sending and receiving
the cargo. The presence of identical transportation plans for
each of the interacting modes of transport makes it possible
to foresee on a timely manner the handing over of the load, to
prepare the permanent equipment, the means for maneuver
and unloading, to provide the process of transferring the load
from one mode of transport to the other using the required
labour force. For the mutual coordination of the planning of
cargo transportation in direct railway-waterway transport a
specific system was created which is presented in the
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corresponding documents and in particular in tariff
handbooks where the list of sea and river ports providing
such mode of transport is published. However, sometimes the
order of planning might be broken resulting in the lack of
compliance between the separate positions in the
transportation plans. In that case even if the necessary
technical equipment is present in the transport junctions, the
cargo and the mobile means of transportation might be
delayed with all the negative consequences. [1] The
complications in the junctions occur if the recommendations
and regulations for each mode of transport are not followed.
The unification of planning for the different modes of
transport including cargo nomenclature, terms of
development and confirmation of projects requires to be
accomplished as fast as possible. The tariffs are an important
economical leverage for the development of effective
multimodal transportation. The railway transport as a part of
a direct railway-river transportation lowers the transportation
price with 30%. In that connection it is necessary to create a
system of unified tariffs which would stimulate the clients to
use the effective combined transportation. A number of
economic questions also arise. In particular it is the way of
payment and financial incentive of the workers in different
modes of transport for the sake of better interaction as well as
the improvement of judicial and legal regulations. The
system of management and more precisely the operative
management exercises a significant influence on the results
of the work in the junctions and in the larger subdivisions of
the different modes of transport. The effectiveness depends
not only on the observance of the abovementioned terms but
also on the personnel selection, their qualification and
personal qualities. Practice has proven effective to assign
specific experienced people to specific work shifts. The most
important field of interaction is the cargo and commercial
work and the legal side including development, coordination
and control of observance of the mutual obligations of the
parties in the transportation contracts, provision of the
storage, observance of the insurance obligations, state laws,
rules, codes and instructions.
Multimodal transportation is the future of international
business.
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