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Abstract — The subject of the research is to study the
improvement of the quality of the management process, which is
inextricably linked with the digitalization of management
activities. The purpose of this work is to develop a simulation
model that includes a reference model of an object, which allows
analyzing the quality of control of various systems with
probabilistic loss of information about the state of the control
object. Computer simulation of control systems with a network
channel for transmitting information was carried out for various
probabilities of loss of information from the measuring device. It
was assumed that the transmission of information over a network
channel during the quantization period is carried out with a
given probability. If the data packet from the measuring device is
not transmitted in one quantization cycle to the control device,
then it is considered to be lost. The control device processed the
incoming information sequentially. It is shown that the developed
simulation model allows analyzing the quality of transients of
control systems using network stochastic information
transmission channels. The examples considered show that a
network management system with low probabilities of
information loss provides a satisfactory quality of the transition
process. However, with an increase in the probability of
information loss, the control system without using the reference
model of the control object significantly worsens the quality
indicators of the control process and may even lose stability. The
study showed that the use of a reference model of the control
object significantly improves the quality of transients. The
innovation of the developed simulation model is in the fact that
its development is based on modeling both the probability of
losing information about the state of the control object and the
reference model of the object itself. Modeling the functioning of
the network control system was carried out in the Simulink
environment of the Matlab system.
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. INTRODUCTION

The improvement of the quality of the management
process in various systems is inextricably linked with the
digitalization of management, which is the basis for the
creation of innovative technologies. The introduction of
innovations involves the implementation of the pairing of
maintenance personnel, equipment, regulatory, measuring and
information systems by eliminating technical contradictions
between the functioning and the control of the process flow.

The optimization of the control process in various systems
requires taking into account the dynamics of changes in the
parameters of the control process on the entire planning
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horizon. The problem of analysis and synthesis of the structure
of the organizational management system includes the choice
of the number of levels and subsystems, as well as the
principles of management organization; synthesis of the
structure of the system for collecting, transmitting and
processing information; resolving issues related to the
optimization of the hierarchy of creating a system that ensures
the effective implementation of management functions and the
achievement of goals. For this, methods of information theory
and control theory are increasingly being used [1]. Moreover,
the uncertainty and risk of loss of information about the
current state of management facilities are an integral part of
any management activity [2]. Loss of information occurs, as a
rule, due to unreliable channels for obtaining information. In
technical systems, channels of this kind are called network
channels, and systems are called Networked Control System
(NCS) [3, 4]. In the future, we will adhere to this terminology.
Such data transmission channels have a number of features -
random delays and loss of information during transmission
from one system element to another [5-10]. It is shown in the
literature that random delays and loss of information have a
significant impact on the quality of control of various systems.

In order to analyze the modes and quality of control in
systems using network channels for transmitting information,
simulation modeling is used. This requires the use of methods
and approaches, both control theory and communication
theory. This fact significantly complicates the analysis,
modeling and synthesis of such control systems [11-13].

In [14, 15], the analysis of information transmission time
in distributed systems with competing access to the network
channel was carried out. The results of the analysis showed
that the transmission time of information can be satisfactorily
described by the exponential distribution law. In [14, 15], an
attempt was made to compensate the loss of information by
duplicating it. However, the influence of the amount of
duplicated information on the quality of system management
has not been considered.

In this paper, to improve the quality of control with
uncertainty in obtaining information about the current state of
the control object, it is proposed to use the reference model of
the object in the control loop.

The purpose of this work is to elaborate a simulation
model that includes a reference model of an object, which
allows analyzing the quality of control of various systems with
probabilistic loss of information about the state of the control
object.
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The innovation of the developed simulation model is in the
fact that its development is based on modeling both the
probability of losing information about the state of the control
object and the reference model of the object itself.

Il. METHODS AND MATERIALS

Modeling the functioning of the network control system
was carried out in the Simulink environment of the Matlab
system. The developed scheme (Fig. 1) of the control system
uses a network channel for transmitting information between
the measuring device and the control device.

Advances in Economics, Business and Management Research, volume 148

This system works as follows. The measuring device
receives information about the regulatory object at certain
points in time and transfers it further to the control device via
a network channel. In this case, a network channel with a
certain probability can be in one of two states: “open”, when
information transmission through it is possible, and “closed”,
when information transmission through it is impossible. If the
channel is “open”, then the measuring device immediately
transmits the received information to the control device. If the
channel is “closed”, then information from the measuring
device is considered to be lost for the control device.
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Fig. 1. Control system with a reference model of the control object

The control device sequentially processes the incoming
information from the measuring device. The control device
generates a control action ux according to a specific,
predetermined algorithm, taking into account the set action ry
and the received information from measuring device yx. The
regulatory action uk is transmitted to the actuator at time
t = kTo. The control action of the actuator is implemented at
the control object u(t).

It is assumed that the measuring device and the control
device operate synchronously: information is received by the
measuring device and control action is generated by the
control device at the same time intervals (quantization cycles)
To and at the same time t = kT.

It is assumed that the characteristics of the measuring
device and actuator do not influence on the control process of
the system. Therefore, it was assumed that the measuring
device and actuator correspond to inertia less elements with a
unity gain.

The control object was modeled by the serial connection of
the inertial link of the first order and the integral link. The
control device produced the control action according to the
proportional-integral-differential algorithm.

To improve the quality of management, a reference model
of the control object is included in the decision-making system.

According to the reference model of the control object,
information ;! is calculated for each moment in time ¢t = kT,.
If the information from the measuring device is transmitted
over the network channel to the control device in time T,, this
information will be taken into account when developing a new
control action. If, in time T,, information from the measuring
device is not transmitted to the control device, then when
developing the control action, information from the reference
model of the control object will be used. In fig. 01 is shown a
key S; that implements this algorithm for accounting
information from a measuring device. Information from the
measuring device that has not been transmitted during the time
T, is considered to be lost.
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The simulation scheme of the control system is in Fig. 2.
This scheme simulates the behavior of the system that is
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model exactly corresponds to the control object. The key
algorithm S; in this scheme is implemented using the switch

described above. While modeling, it was assumed that the Switch 1.
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Fig. 2. The simulation scheme of the control system with a reference model of the control object

I1l. RESULTS

The numerical results of the studies are presented in the
form of graphs of transient processes (Fig. 3-7).

Here: P is the probability of channel “closure”; Ty is the
quantization cycle.

In fig. 3-6, the control system operates without a reference
model.
As it can be seen from the analysis of the transients, the

system functions satisfactorily with a low (P=0.2) and medium
(P=0.4) probability of information loss (Fig. 3, 4).

=
[= 3
T

Amplitude

[} 1 |

0.2 0.3 0.4 0.5

Time, s

Fig. 3. Transient process: P=0.2; T,=0.01
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However, a further increase in the probability of loss of
information (P=0.8) about the control object significantly
worsens the quality indicators of the control process (Fig. 5):
overshoot approaches 50 %, the control time increases from
0.1 to 0.3 s, and the transient oscillation increases
significantly.

Especially the deterioration in the quality of the transient
process with a further increase in the probability of
information loss (P=0.9) is seen in Fig. 6. The transition
process is close to an unstable regime.
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In fig. 7 shows the transition process of the control system,
with the probability of loss of information P=0.9. From the
analysis of the transition process, we can conclude that the
control system is stable, quality management indicators are
satisfactory: there is no overshoot. The transition process time
is0.1s.

It should be noted that the transition process to a step
change in the set action corresponds to a network control
system with a delay in the feedback control loop by one
quantization cycle T.
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Fig. 4. Transient process: P=0.4; T,=0.01
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Fig. 6. Transient process: P=0.9; T,=0.01
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Fig. 7. Transient process: P=0.9; T,=0.01

IV. CONCLUSION

The developed simulation model allows analyzing the
quality of transient processes of control systems using network
stochastic information transmission channels. The considered
examples show that a network management system with low
probabilities of information loss provides a satisfactory quality
of the transient process. However, with an increase of the
probability of the information loss, the control system without
using the reference model of the control object significantly
worsens the quality indicators of the control process and may
even lose stability. The study showed that the use of a
reference model of the control object significantly improves
the quality of transient processes.

The developed simulation model is based on modeling
both the probability of loss of information about the state of
the control object and the reference model of the object itself.

Compared with the known approaches of mathematical
modeling of network control systems [16], the obtained model
allows evaluating the efficiency of using the existing model of
the object as a reference.

The practical value of the developed simulation model is
that it can be used in the design of new network control
systems, as well as in the modernization of systems that are
already used in practice.
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