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We have developed a cluster model for the structure of an infor-
mational space as a combination of informational signals that carry
information about emergency signs at a deviation of a technological
process parameters at electric power facilities, based on the applica-
tion of an apparatus of the fractal-cluster theory. A dynamic fractal
cluster model is derived to describe processes in the informational
space of information control systems in software technical complex
of the automated control system for a technological process at a
power plant. We have established functional dependences of the dy-
namics of change in the electro-physical magnitudes of technological
parameters, such as current and voltage, on the informational fractal
dimensionalities. Based on the application of a dynamic fractal
cluster model, we detected random informational signals that make
it possible to identify false triggering and failures of technological
equipment. To estimate the reliability criterion in the functioning
of information control systems in software technical complex of the
automated control system of a technological process at power plants,
we derived analytical dependences that connect a gain in the amount
of information, fractal time and the informational fractal dimension-
ality. By determining the amplitude, phase, and frequency of random
informational signals in real time, we established conditions for the
signs of emergency and pre-emergency. The obtained theoretical and
practical results have been demonstrated to improve the reliability
of operation of information control systems in a software technical
complex for automated control systems.

Keywords: information processing, fractal cluster model, emer-
gency signs, reliability criteria.
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Features of software for measuring instruments are considered.
A comparative analysis of the general requirements in the documents
and guidelines of the international and regional organizations of
legislative metrology OIML and WELMEC concerning the testing
of software for measuring instruments was carried out. The main
factors that are monitored during quality testing of software for
measuring instruments were identified by constructing Ishikawa
cause-effect diagrams based on the requirements of the OIML docu-
ment and the WELMEC guide.

The possibility of joint use of the requirements of the OIML
document and the WELMEC guide for testing the MI SW was
analyzed. The general Ishikawa cause-effect diagram was developed,
its main factors can be used for the development of special checklists
for testing the MI SW taking into account different risk classes.
The algorithms for testing the SW for MI in accordance with the
requirements of documents of international and regional organiza-
tions of legislative metrology OIML and WELMEC were defined. A
universal MI SW testing algorithm was proposed.

It was proposed to apply approaches based on the requirements
of documents and guidelines of international and regional metrology
organizations for the preparation of special universal checklists for
testing the software of virtually all categories of measuring equip-
ment at the national level. This will confirm the authenticity and
quality of the MT SW appraisals.

Keywords: software, measuring instruments, testing, legal me-
trology, normative base.

References

1. OIML D 31:2008 (2008). General Requirements for Software Con-
trolled Measuring Instruments. OIML. Paris, 53.

2. COOMET R/LM/10:2004 (2004). COOMET Recommendation:
Software for Measuring Instruments: General Technical Specifica-
tions. COOMET, 10.

3. WELMEC 7.1. Informative Document: Development of Software
Requirements. Available at: http://www.welmec.org/fileadmin/
user_files/publications/WG_07/7-1_FRPO.pdf

4. WELMEC 7.2. Software Guide (Measuring Instruments Direc-
tive 2004,/22/EC). Available at: http://www.welmec.org/fileadmin/
user_files/publications/WG_07/Guide_7.2_2015__ Software.pdf

5. WELMEC 2.3. Guide for Examining Software (Non-automatic
Weighing Instruments). Available at: http://www.welmec.org/fil-
eadmin/user_files/publications/2-3.pdf

6. Directive 2014/32/EU on the harmonisation of the laws of the
Member States relating to the making available on the market of
measurement instrument (recast), Official J. Europ. Union, L96,/149
at 29.2.201. Available at: http://eur-lex.europa.cu/legal-content/
EN/TXT/?uri=CELEX:320141.0032

7. Velichko, O. N. (2007). Normative base for certification of measure-
ment provision software. Measurement Techniques, 50 (4), 364—371.
doi: 10.1007/s11018-007-0076-5

8. Velychko, O., Gordiyenko, T. (2010). The implementation of gen-
eral international guides and standards on regional level in the field
of metrology. Journal of Physics: Conference Series, 238, 012044.
doi: 10.1088,/1742-6596,/238/1,/012044

9. Velichko, O.N. (2009). Basic tests, stages, and features in monitoring
measuring instrument software. Measurement Techniques, 52 (6),
566-571. doi: 10.1007/s11018-009-9308-1

10. Velychko, O. (2008). Using of Validated Software for Uncertainty
Analyses Tools in Accredited Laboratories. Key Engineering Materi-
als, 381-382, 599-602. doi: 10.4028/www.scientific.net/kem.381-
382.599

11. Samoshina, M. A., Baranov, V. A. (2015). Metodika attestacii
programmnogo obespecheniya sredstv izmereniy. VII Mezhdun-
arodnaya studencheskaya elektronnaya nauchnaya konferenciya
«Studencheskiy nauchniy forum» — 2015. Available at: https://
www.scienceforum.ru/2015/pdf/9003.pdf

12. Peters, D., Grottker, U., Thiel, F, Peter, M., Seifert, J.-P. (2014).
Achieving Software Security for Measuring Instruments under
Legal Control. Position Papers of the 2014 Federated Confer-
ence on Computer Science and Information Systems, 3, 123—130.
doi: 10.15439 /2014460

13. Esche, M., Thiel, F. (2015). Software Risk Assessment for Measuring
Instruments in Legal Metrology. Proceedings of the 2015 Feder-
ated Conference on Computer Science and Information Systems,
5, 1113-1123. doi: 10.15439,/2015f127

14. Sadiq, M., Md. Khalid Imam Rahmani, Mohd. Wazih Ahmad,
Jung, S. (2010). Software risk assessment and evaluation process
(SRAEP) using model based approach. 2010 International Confer-
ence on Networking and Information Technology. doi: 10.1109/
icnit.2010.5508535

15. Jacobson, J. (2006). Validation of software in measuring instruments.
Computer Standards & Interfaces, 28 (3), 277-285. doi: 10.1016/j.
¢s1.2005.07.006

16. Thiel, E, Grottker, U., Richter, D. (2011). The challenge for legal
metrology of operating systems embedded in measuring instruments.
OIML Bull, 52 (1), 5-14.

DOI: 10.15587/1729-4061.2018.127361
FORMALIZATION OF THE CONCEPT OF ADAPTIVE
TASKS MAPPING IN THE RECONFIGURABLE
COMPUTERS ON FPGA (p. 20-28)

Iryna Klymenko

National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine
ORCID: http://orcid.org/0000-0001-5345-8806



Valentyna Tkachenko

National Technical University of Ukraine “Igor Sikorsky Kyiv
Polytechnic Institute”, Kyiv, Ukraine

ORCID: http://orcid.org/0000-0002-1080-5932

Anastasia Serhienko

National Technical University of Ukraine “Igor Sikorsky Kyiv
Polytechnic Institute”, Kyiv, Ukraine

ORCID: http://orcid.org/0000-0001-7328-7151

Yurii Kulakov

National Technical University of Ukraine “Igor Sikorsky Kyiv
Polytechnic Institute”, Kyiv, Ukraine

ORCID: http://orcid.org/0000-0002-8981-5649

The effectiveness of data processing in the reconfigurable com-
puter systems depends significantly on the unproductive time costs
of the reconfiguration of the FPGA computational space. It is an
important modern problem that hinders the intensive progress of
reconfigurable computations. The aim of the research is to improve
the efficiency of the process of tasks mapping into the reconfigurable
computing structure of the dynamically RCs by reducing the com-
munication delays when the reconfiguring FPGA space in the Run
Time mode.

Mathematical models for determining the main efficiency crite-
ria of the dynamically RCs and estimating the execution time of the
main stages of adaptive tasks mapping that take into consideration
the influence of delays of the configuration data transfer at all orga-
nization levels of the system are proposed. The concept of adaptive
tasks mapping into the dynamically reconfigurable FPGA space
based on the new approach to the transformation of algorithms’
MDG and the multilevel configuration data caching is proposed
and formalized. That allows the realization of various strategies of
adaptive tasks mapping based on the criteria of overhead time mini-
mization considering FPGA hardware limitations and parameters of
the changing computing environment during the tasks mapping. The
experiments showed that the use of adaptive tasks mapping allows
to reduce the overhead time and increase the effectiveness of recon-
figurable computations for executing the algorithms with frequent
repetition of similar tasks.

Keywords: reconfigurable computer systems, partial dynamic
reconfiguration, reconfiguration overheads, tasks mapping.
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We have studied a traction drive based on the synchronous mo-
tor with excitation from permanent magnets for its electrical losses.
A simulation model of the traction drive is synthesized, which em-
ploys the algorithm of a space-vector PWM. A special feature of the
model is the application of parameters of actual IGBT-transistors
and the possibility for obtaining instantaneous values of electric loss-
es in transistors and snubbers of the inverter under different modes
of operation. We have devised a procedure for calculating electric
losses in the traction engine based on the shape of phase currents,
geometrical and electrical parameters of the engine. Simulation of
the traction drive and calculation of losses in the traction engine is
integrated, which makes it possible to account for the impact of the
inverter and engine on each other.

We have simulated work of the reducer-free traction drive based
on a synchronous motor with excitation from permanent magnets
with a capacity of 80 kW. The dependences were constructed for
losses in the traction inverter and engine on the clock frequency of a
space-vector PWM and motion speed.

The proposed procedure makes it possible to quantify the mag-
nitude of electric losses in the traction drive elements depending on
the types of transistors applied, clock frequency of the inverter, and
parameters of the engine. This enables the optimization of the trac-
tion drive for the criterion of maximum performance efficiency, as
well as thermal calculation of the elements of the drive.

Keywords: traction drive, synchronous motor with excitation
from permanent magnets, electric losses.
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Two-point communication model of the wireless environment
with one-beam and multi-beam propagation of radio waves were
developed. The specified models make it possible to create various
particular two-point communication models of wireless environ-
ment, taking into account the assigned geometry of location of
shadowing and scattering structures in the environment. The
practical use of the proposed models is limited to arbitrary points
of radiation and reception in the environment, taking into account
location of directional aerials in them. To study known multipoint
technologies under conditions of emergency situations, we devel-
oped the multipoint communication models with one-beam and
multibeam propagation of radio waves from each radiation point
to each reception point, predetermined by the presence of shadow-
ing and scattering structures in the environment. The developed
multipoint models make it possible to create specific models at
the physical level for various multi-aerial technologies, taking into
consideration the use of aerial arrays of arbitrary configuration at
the transmitting and receiving sides. Verification of the developed
communication models of the wireless environment was performed.
It was found that the use of directional aerials at the transmitting
and receiving sides of the wireless environment in the presence of
considerable shadowing and scattering structures makes it possible
to significantly improve noise immunity. It is noted that with the
use of the developed communication models, it is possible to carry
out in-depth examination of the physical level with a view to devel-
oping a reliable and stable architecture of communications under
conditions of emergency situations.

Keywords: wireless environment, communication model, emer-
gency situation, MANET, VANET, FANET.
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We considered the issue of “intuitive” analysis, processing, and
synthesis of unknown pulse sequences in a detailed form. We studied
both classical methods of analysis with all pluses and minuses and the
developed prospective method created on their basis. The developed
method is adaptive, it is based on the consistent use of various meth-
ods of spectral analysis, which increases reliability, sensitivity, and
resolution capability of visual analysis of echo-pulse images. Thus,
we solved the problem on processing pulse signals. The proposed
method makes it possible to increase resolution capability in the
processing of signals and images without using a priori information
on the form of elementary pulses. It is resistant to the influence
of measuring noise. We presented the results of numerical simula-
tion and actual verification on the example of a seismic image. The
considered method has a significant development potential, both in
theoretical and application aspects (first of all, in areas of ultrasonic
medical diagnosis, seismic imaging, and non-destructive testing).

Keywords: pulse, model, signal, superposition, spectrum, echo-
pulse image, measurement noise.
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We have constructed a method for the auto-calibration and
correction of values of the vector of magnetic induction, which is
suitable for use under conditions of limited computational resources
in microcontrollers and SoC System-on-a-Chip. The efficiency of
the system in general was investigated experimentally by using an
additional board, which holds six pairwise connected primary Hall



sensors. Correctness of work of the algorithm was checked at the de-
signed and fabricated microprocessor test module, the prototype of
which was the most simplified variant of the popular microcontroller
board Arduino. We have implemented the structure of a recurrent
network that is built based on vectors-indicators and recurrent
decomposition; and examined the efficiency of algorithms for the
calibration and processing of peripheral information. The micro-
processor module was designed and manufactured, using which we
studied dependence of the magnitude of measurement error on the
properties of the sensor and hardware features for the automated
systems and interactive simulators. A principle of the modular
structure of software was employed, which increases the percent-
age of reuse of software parts by the organization of requests, as
well as makes it possible to create new functions without making
significant changes to the existing code. To ensure the indepen-
dence of software from the hardware platform of sensor realization
and the system of data processing and transfer, it is equipped with
a module that adapts the level of hardware abstraction. The result
of its implementation is the simplified procedure for software
deployment in other hardware means. All platform-dependent
system functions are implemented at this level. Independence from
the hardware features of platforms is provided by engaging the
computational tools, techniques, tools and modules of SPI, UART
interfaces, and Modbus-RTU protocol. They help configure and
exchange data with peripheral devices for its further processing by
a personal computer.

Keywords: method of auto-calibration, correction, structure of a
recurrent network, SoC System-on-a-Chip.
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We proposed the introduction of an additional mode of dispersed
reception and the combination of one-position and multiple recep-
tion of signals to the existing one-position observation radar. We im-
proved the algorithm for detection of an air object at its irradiation
by several transmitters. We provided compensation of a delay time
and Doppler frequency in each receiving channel to a separate vol-
ume of an observation radar upgrading the algorithm. The improved
algorithm for detection of an air object at its irradiation by several
transmitters is reduced to: coherent processing of received signals in
each processing channel in each element corresponding to the rel-
evant separate volume and the relevant separate Doppler frequency;
quadratic detection in each processing channel in each element cor-
responding to the relevant separate volume and the relevant separate
Doppler frequency; weight summation of detector outputs for each
processing channel in each element corresponding to the relevant
separate volume and the relevant separate Doppler frequency.

We constructed a structural diagram of the detector of an air
object at its illumination by several transmitters. Each receiving
channel of a signal is a multichannel for distance and speed. The
diagram provides reception, coherent processing of echo signals from
third-party sources, compensation of delay and Doppler frequency
differences relative to a separate volume of the observation radar and
incoherent weight summation.

We carried out estimation of the efficiency of detection of an
air object at its irradiation by several transmitters. We established
that the transition from a single-channel detection of an air object
to the detection of an air object at the incoherent combination of
two channels results in a significant shift of detection characteris-
tics to the left.

We selected the number of receiving channels to be combined.
We established that it is most effective to combine two, at most
three, reception channels.

We constructed a structural diagram of channels that process
echo signals of an observation radar by combining the methods of
one-position and differential signal reception. For combining of
one-position and dispersed location modes of observation radars, we
provided complexing of corresponding digital reception devices and
digital signal processing systems. The main principle underlying the
combination of the mentioned receiving devices is the informational
supplement without violating the standard modes of operation of
observation radar.

Keywords: small-sized air object, detection, signal reception,
one-position system, multiposition system, processing channel.
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The methods for determining the locomotive wheel-rail angle
of attack are considered. To reduce the power impact of the wheel
flange with the rail head when the locomotive moves on curved sec-
tions of the track, it is advisable to change the locomotive wheel-rail
angle of attack by turning the wheel pairs. Controlling the loco-
motive wheel pair position is possible by means of an operational
measurement of the actual wheel-rail angle of attack. Measurement
of the wheel-rail angle of attack is not performed because it is impos-
sible to determine the value directly.

It is proposed to measure the locomotive wheel-rail angle of at-
tack when the wheel pair moves in the rail track on the basis of the
method of acoustic emission resulting from the wheel-rail contact
interaction. An information measuring system has been developed
for the determination and analysis of acoustic emission from the
wheel-rail contact consisting of: a stand roller magnet, a speed sen-
sor, a directional microphone, an analog-digital card, a sound level
meter. The obtained experimental data of acoustic emission from the
contact of the roller stand wheel with the roller during motion are
analyzed. The dependence of the acoustic emission of the locomo-
tive wheel-rail contact interaction on the values of the maximum
deviation of the sound pressure level from the equivalent level in the
frequency range 200...300 Hz is revealed.

The obtained analytical dependence of the maximum deviation
of the sound pressure level from the equivalent at different values of
wheel-rail angles of attack can be used to create an automatic control
system of the wheel pair position in the rail track.

Keywords: angle of attack, acoustic emission, wheel pair, con-
trol, stand, spectral analysis, information measuring system.
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