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The paper studies the issues of distributed sensor networks in-
teraction based on the Internet of Things architecture in the context
of automated control systems design for dynamic objects of transport
infrastructure. The properties of multimedia streams like digital
telemetry exchange and packet data delivery between the sensor
controllers of urban transport network are analyzed. A method of
modifying the standard Ethernet network interface at the logical
link control (LLC) sublayer on Raw Socket technology for joint
transmission of multi-channel telemetry and packet data is proposed.
A software simulator has been developed for conveyor-modular
transfer in Python codes for Linux Ubuntu operating system based
on the dynamic data structuring by the markup tags. The relevance
of this work is due to the need to further improve the open system
interoperability when building heterogeneous Internet of Things.
As a result of the studies conducted, the use of conveyor-modular
transfer (CMT) for telemetry data exchange with limited latency in
urban control systems of transport safety is substantiated. The tests
of the conveyor-modular simulator confirmed the relevance and
logical consistency of the basic principles of encoding, transmitting
and decoding multimedia data in the communication channel of the
Internet of Things. The obtained results create scientific and meth-

odological prerequisites for replenishing the existing TCP/IP stack
with a new internetworking protocol with limiting delays, which can
be used in conjunction with the TP protocol in real-time applications
of the Internet of Things, and above all, in urban transport safety
management systems.

Keywords: sensor network, Internet of Things, real-time inter-
action, latency control, conveyor-modular transfer.
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We have considered a task on designing an intelligent system of
commercial distribution of informational products using a personal-
ized approach to visitors based on the categories and tags of content
that interests visitors. A general standard architecture of appropriate
system has been developed using methods and personalization tools in
the Internet environment with a core of automated recommendation
of tags (categories) in the form of a neural network with controlled
training. A personalized approach to the web site user results in a
higher rate of sales. The system that was developed on the basis of
modern SEO technologies considering the metrics for assessing the
operation of an information and search module in the system makes it
possible to select relevant content according to the user’s personalized
interests. The system has classes and subclasses that include real com-
mercial informational products, interrelated by the built logical links,
whose application promotes the intelligent supply of content based
on the personalization of needs and interests of the user. In addition,
based on modern methods of Machine Learning, the designed system
learns to refine the results from searching the content in demand
according to the personalized user’s preferences. Personalization algo-



rithms make it possible to associate each user with a list of products
that are most likely to be of interest, and can predict what customers
may want to see even if they are not aware of it yet. The aim of the
intelligent system of e-commerce is to represent unique content based
on the personalization approach and the use of tags. In addition to
a standard text introduction of categories and tags based on images
and product descriptions, the designed automation process defines
tags and product categories. Recognition of context using deep neural
networks now provides a technology for automated addition of tags to
the description of goods at e-commerce web sites. The methods can be
used to categorize facial expressions and recognize emotions.

Keywords: commercial content, personalization, Machine

Learning, SEO-technology, search metrics, e-commerce, NLP.
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The relevance of creating high-quality control systems for
electric drives with a switched reluctance motor (SRM) was sub-
stantiated. Using methods of mathematical modeling, transient
characteristics of the process of turn-on of SRMs with various mo-
ments of inertia were obtained. Based on analysis of the obtained
transient characteristics, features of the SRM turn-on process
determined by dynamic change of parameters of the SRM during
its turn-on were shown.

Low accuracy of SRM identification using a fractionally rational
function of rat34 class was shown. Regression coefficient of the result-
ing model was 85 %. Based on analysis of transient characteristics of
the SRM turn-on process, a hypothesis was put forward about the pos-
sibility of identifying the SRM by means of a fractional-order transfer
function. Using the methods of mathematical modeling, transient



characteristics of the process of turning-on the SRMs with various
moments of inertia were obtained. Using the FOMCON MATLAB
Toolbox, identification of the SRM turn-on process with the help of
a fractional-order transfer function of second order was performed.
Regression coefficient of the resulting model was 93-96 %.

For the obtained fractional-order transfer functions, a method of
synthesis of a fractional-order PI*D* controller optimized in terms of
minimum integral square error of the transition function of the closed
system of fractional-order control of objects was implemented. The
FOMCON MATLAB Toolbox was used for synthesis of the PI*D*
controller.

Comparative analysis of the SRM turn-on processes in both open
and closed control systems with a classical integer-order PID control-
ler and with a fractional-order PI*D¥ controller was made. Use of the
fractional-order PI*D* controller in comparison with the classical
integer-order regulator makes it possible to reduce overshoot from
13.3 % to 2.64 %, increase speed of the closed ACS, decrease regula-
tion time from 1.48 s to 0.53 s while reducing variability of transient
characteristics. The study results can be used to improve performance
of closed systems for controlling angular velocity of the SRM.

Keywords: switched reluctance motor, identification, fractional-
order transfer function, control quality, fractional-order controller.
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We present the results of the study on changes in temperature of
gas-air flows at the outlets from calcination zones and recuperation
zones of a conveyor-calcination plant. We determined the influence
of these temperatures on other technological zones.

We showed that that the average volume temperatures of
gas-air flows from calcination and recuperation zones are the expo-
nential dependences on temperatures of gas-air flows above a layer
of pellets in these zones. It was established that an increase in the
speed of movement of calcination carts from 0.011 m/s to 0.06 m/s
leads to a decrease in the average volume temperature of a heated
gas-air flow by 1.7 times. An increase in the height of a pellet layer
on calcination carts by 30 percent with constant gas permeability
of this layer leads to an exponential decrease in the average volume
temperature of a gas-air flow by 2.5 times at the outlet from the cal-
cination and recuperation zones. The average volume temperatures
of gas-air flows decrease at the outlet of a pellets layer up to three
times at a change in the pressure by 20 % in the calcination zone
and at the constant movement speed of calcination carts of 0.049
m/s, the height of a pellets layer of 450 mm and the porosity of a
pellets layer of 0.45 m?/m.

We used a mathematical model to analyze a temperature mode
of a gas-air flow at the outlet of the pellet calcination zone. The basis
of the mathematical model was the relation between the inlets and
outlets of technological zones of the plant by equations of gas dynam-
ics and heat exchange and mass transfer.

The study made it possible to develop and present an automated
control system for a smoke exhauster for average volume tempera-
tures of gas-air flows at the outlet from the technological zones of
calcination and recuperation of the plant. It is possible to use it under
industrial conditions.

It improves thermal and gas-dynamic operation of technological
zones of a conveyor calcination plant.

Keywords: conveyor plant, calcination zone, pellet layer, tem-
perature, pressure, gas-air flow control.
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Synthesis of automatic control systems (ACS) of nonlinear
objects is a well-known scientific problem. The method of inverse dy-
namics makes it possible to synthesize high-precision ACSs of nonlin-
ear objects. However, under conditions of uncertainty, control quality
is significantly compromised and ACS does not fulfill the set task. The
result of present research is the further elaborated method of inverse
dynamics for the synthesis of high-precision ACS of nonlinear objects
under conditions of uncertainty. We have synthesized a generalized
structure of the inverse control law as a basis for control of nonlinear
objects under conditions of uncertainty. Under this structure, the
inverse control law is built based on an imprecise inverse model of the
object of control and contains an uncertain component of controlling
influence to compensate for uncertainties. We have synthesized a law
to compensate for uncertainties based on the method of minimizing lo-
cal functionals. Tt includes an imprecise model of the object of control
and ensures that its output approaches the controlled magnitude. The
compensation law makes it possible for ACS to operate under condi-
tions of uncertainty and, at the proper choice of reference models, to
provide for a high dynamic accuracy in control over a nonlinear object.
We have synthesized ACS of the vertical movement of a tethered re-
motely operated underwater vehicle. The synthesis was implemented
based on an imprecise model of the object of control. The model’s order

was one order of magnitude less than the object’s order; part of the
model responsible for generating a controlling force was considerably
simplified; the disturbing influences of a tether-cable were not taken
into consideration. Thus, the structural and parametrical uncertain-
ties were accounted for. The dynamics of ACS transient processes
were studied based on computer implementation of the model of one-
dimensional motion of a remotely operated underwater vehicle as a
third-order object taking into account the disturbing influence of a
tether-cable. Results of computer experiment showed high dynamic
accuracy of ACS under conditions of structural and parametrical
uncertainties of the control object’s model under the influence of un-
certain disturbances of a tether-cable.

Keywords: automatic control system, method of minimization of
local functionals, tethered underwater vehicle.
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We have synthesized and investigated fractional-order regula-
tors, which provide for a series of technological processes the best
indicators for the quality of transient process, specifically DC motors
with series excitation. Given the dependence of magnetic flux on the
armature current and saturation of the magnetic system, a motor
armature circuit turns into a system with significant nonlinear prop-
erties under static and dynamic modes. However, it can be described
with high accuracy by the transfer function of fractional order. Ow-
ing to the appropriate fractional integral-differentiating regulators,
it becomes possible to obtain the quality of transient processes that
is better than when using classic methods.

We have considered standard methods to synthesize the coef-
ficients of regulators and established that such settings result in
deterioration of transients due to the saturation of regulators, caused
by power supply voltage limitation. Therefore, it has been proposed,
for a closed circuit with different structures of fractional regulators,
to use a genetic algorithm for determining the optimal values of the
coefficients of regulators based on the criterion for the shortest time
of first harmonization and minimum overshoot.

Experimental study into different structures of regulators has
been performed conducted for settings on the module optimum
and a fractional order of astatism from 0.35 to 1.5. Based on the
results obtained, it can be argued that the best indicators are
demonstrated by regulators at astatism 1+, 1.5. The overshoot
is then actually less than 2 %. It has been also shown that astatism
1+ueo ensures high-quality of transient processes in the unsatu-
rated zone of magnetic system as well.

The research results could be used primarily in the systems of
closed control in DC motors with series excitation, as well as with
objects in which power laws are observed.

Keywords: fractional calculus, regulators with fractional
order of differentiation and integration, series excitation motor.
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Experimental studies of the dynamic properties of gas pumping
units (GPU) of various types, which allowed us to obtain GPU
acceleration curves and determine the parameters of the transfer
function through various transmission channels of input effects,
are conducted. For this, a method and a software product were de-
veloped for implementing the procedure for determining the areas
of the k orders through the moments of the auxiliary function. As a
result of the experiments performed on operating GPU, the accel-

eration characteristics of the selected signal transmission channels
were obtained. To identify the dynamic properties of the GPU,
a software product was developed in the MatLab environment,
which in iterative mode allows each acceleration curve to be ap-
proximated by the transfer function, the order of which is selected
by the user. The iterative mode allows the user to select the order of
the polynomials of the numerator and denominator of the transfer
function, and also to calculate the numerical values of the param-
eters of the selected transfer function. The software product was
tested on industrial data obtained during normal start-up of the
GPU. The obtained results can be used in the development of a new
method for monitoring the reliability and diagnosing the technical
state of automatic control systems (ACS) of the gas pumping units
and its components. The essence of the method is that a change
in the technical state of the ACS or GPU affects their dynamic
properties, and this, in turn, causes a change in the parameters of
the transfer functions, which can be recorded after a certain period
of time. Determining the ranges of values of the transfer function
coefficients for various technical states of different types of ACS
and GPU, it will be possible to predict the period of their operation
in the future.

Keywords: gas pumping units, experimental studies, accelera-
tion characteristic, area method, technical condition, software prod-
uct, transfer functions.
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