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DEVELOPMENT COMPETENCIES THROUGH MODELING
MICROPROCESSOR CONTROL SYSTEMS IN POWER ENGINEERING

Ushkarenko O.0., Treshniuk A.IL
Admiral Makarov National University of Shipbuilding
(Ukraine)

Introduction. Modeling as a tool for use in the educational process and scientific research
in the field of electrical engineering and power electronics has been increasingly used. The papers
[1, 2] describe various modeling tools and modeling objects. When modeling ship electrical power
systems and its parts, problems arise related to the accuracy of mathematical calculations, the
coordination of physical and model time, and the organization of data exchange between various
programs in which control objects and their control systems are modeled [3]. One of the most
popular programs for modeling processes in electric power systems is Matlab Simulink [4]. This
program contains a large number of models of electrical power devices that are easily adapted to
specific parameters and allow researchers to solve a wide variety of problems. But still, its
possibilities are not unlimited, and for many practical problems its use is accompanied by
significant difficulties. One of the problems in modeling processes in the electric power industry
is the lack of the ability to use microprocessor systems with their own control algorithms in Matlab
Simulink. In [5], it is proposed to create a very simplified microprocessor model to solve the
modeling issue. However, this approach significantly limits the range of problems to be solved,
since it allows modeling the most basic capabilities of the microprocessor. The Proteus simulation
software for electronic systems eliminates these shortcomings. Using special communication
modules, it is possible to simulate microprocessor control systems and test their operation on a
model created in another program, for example Matlab.

The aim of the research is to enhance the development of professional competencies in
engineering and technical education by applying a multi-computer modeling approach that
integrates Matlab Simulink and Proteus. This approach enables students and specialists to gain
hands-on experience in designing, analyzing, and testing microprocessor-based control systems
for power engineering. By simulating real-world scenarios, it helps improve algorithmic thinking,
problem-solving skills, and the ability to work with modern digital tools, ultimately preparing
professionals for the challenges of automation and control in the energy sector.

The Matlab Simulink software has limited functionality to simulate microprocessor control
devices. Therefore, the important task is to create a model of power system in Matlab, which could
be controlled by a microprocessor system created in another modeling system. At the same time,
the control system, in fact, like a ship electric power plant, can be either virtual or real, and
communication with a computer is carried out via the RS232 interface. To model a microprocessor
control system, the Proteus CAD system is used, which allows researchers to accurately model
and debug complex devices that may contain several microcontrollers simultaneously.

An example of creating a multi-computer model of a power plant and an automated
operator's workstation was shown in [6]. In a similar way, the model of a power plant created in
Matlab is paired with a model of a microprocessor control system created in Proteus. To simulate
the control process, two computers were used connected via a serial port using a null modem cable.
The Proteus simulation system has a COMPIM component that allows a virtual device to connect
to a real computer via COM port. The model does not need to use an RS232 level converter like
MAX232 chip. In Fig. 1 it is shown a diagram of a microprocessor control system that controls a
DC drive motor that changes the position of the fuel rack of a diesel unit as part of a ship's electrical
power system. The circuit contains a liquid crystal alphanumeric indicator, which displays the
values of the diesel engine speed, the angle of rotation of the fuel rack and the active power
supplied by the diesel engine.
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Figure 1 — The model of a diesel engine control system

In Fig. 2 a model of a microprocessor control system and an oscilloscope window in which
oscillograms of voltages are shown. When the reference voltage value or the actual value on the
generator buses changes, the firing angle of the thyristors changes, which will lead to a change in
the value of the synchronous generator excitation current.
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Figure 2 — The model of a synchronous generator excitation control system

When starting the simulation process, it is possible that the simulation time scale will be
different for the power plant model and the control equipment. If, using Matlab, some physical
object is controlled, then it must be done in real time. In this case, it is necessary to use a special
block — Real Time Blockset, in which the only parameter is configured — the time interval
between calculations of the next modeling iteration. However, real-time operation is possible on
powerful computers.

Using the proposed approach to modeling microprocessor control systems in power
engineering together with the physical modeling described in [7] allows to develop or acquire
several key competencies. Technical competencies include designing microprocessor-based
control systems, the ability to develop and analyze control algorithms for power systems, modeling
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power engineering processes using Matlab Simulink and Proteus for building and testing complex
electronic systems, and analyzing the efficiency of control systems by performing simulations and
evaluating the parameters of microprocessor controllers. Engineering competencies involve the
development of algorithmic thinking, the ability to create optimal control and real-time data
processing algorithms, working with hardware such as microcontrollers, sensors, and other
components of control systems, and integrating digital technologies into transportation systems by
understanding the principles of automation in the energy and transportation sectors. Digital and
software competencies include working with modern software tools like Matlab Simulink, Proteus,
and other platforms for simulation and process analysis, embedded systems programming using
languages such as C or C++ to develop control code for microprocessor systems, and data
processing and visualization, which involve analyzing collected data and presenting results in a
structured format.

Conclusion. Using the communication capabilities of the Matlab Simulink and Proteus
modeling environment allows researchers to create multicomputer models with microprocessor
control systems for ship power plants objects, in particular diesel-generator units. This approach
allows developers to transfer microprocessor control system software to real devices without the
need to change it, which reduces development time and allows all software errors to be identified
in advance based on simulation results. The creation of a multicomputer model of a ship power
plant will allow students and researchers to combine both power electrical engineering and
microprocessor control systems, which opens up wide possibilities for modeling not only energy
processes, but also control processes, which allows for a comprehensive explore the properties of
the systems being studied. The use of modeling for microprocessor-based control systems in power
engineering helps develop a wide range of skills that are crucial for preparing specialists in the
fields of energy, automation, and transport. The combination of engineering, digital, analytical,
and communication skills ensures that professionals are well-equipped to work in an innovative
and technological environment.
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