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A Python-Based Interface Design for Electric
Power System Education

Yousef Marwan Alkhanafseh and Tahir Cetin Akinci*

Abstract—Python, which is widely used today, is one of the
open-source programming languages. In the Python program,
its interface is done through the PyQt5 library. With PyQt5, it
is possible to develop object-based software that takes up less
space on the disk and runs faster. In this study, an educational
calculation and analysis program (ITUPSA) was designed for
the Electric power systems course using the Python interface.
Electric power systems are one of the fundamental courses in
electrical engineering. This main course is taught in three sub-
course groups as energy transmission-distribution, energy flow
and energy economy. The energy transmission-distribution
course package constitutes the first and most comprehensive
part of the electric power systems group. In the energy
transmission-distribution, the creation of the transmission line
model and the calculation of the line parameters form an
important part of the training. This section contains very
detailed mathematical calculations and it is very important that
students get the correct result as a result of these calculations.
This can be possible with a lot of practice. The interface design
was made by students and faculty to teach practical examples
correctly. This developed (ITUPSA) python-based interface
program is very suitable for calculation and analysis exercises
in both undergraduate and graduate courses in the Electrical
Engineering department. The purpose of this study is to create
a python-based interface in order to solve the problems related
to these lines, to make the types of short, medium and long
power transmission lines correct and understandable. In the
study, after selecting the type of energy transmission line and
all parameters related to the line, the necessary mathematical
analysis can be made and also the analysis results can be
plotted. The analysis program is available in two languages,
English and Turkish.

Index Terms: Electric Power Transmission, Electric Power
System Education, Python Gui, PyQt5.

. INTRODUCTION

with the generation and distribution of electrical

energy from a water wheel in England. In 1882,
Edison built a steam-powered power plant in New York and
carried the energy is produced to a distance of 800 meters
[1]. In the same years, by using Gaulard and Gibbs
transformers in London, they carried the energy to 40 km
distances [1,2].

The history of the electric power system began in 1881
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In today's sense, the technique of using energy by
transforming would only be possible with the development
of transformers.

The development of transformers and the transmission of
power lines to the present were realized with the
contributions of Ganz, Blathy, Kennedy, Barrington,
Westinghouse, Edison and Tesla [2-6]. In 1888, cities were
enlightened using energy transmission lines [4-7]. When the
three-phase alternating current system was found in 1895,
general developments regarding the electric power system
were completed [8-10]. In the following years, the
development of electrical power system components and
intermediate elements was to ensure a better quality
transmission of energy [11-13]. Electric power systems
captured their next biggest development with renewable
energy sources and smart grid approach [14]. Both the smart
grid and renewable energy technologies are developing
technology in electrical power systems today. This
technology has gained momentum with the spread of
innovations in the field of information and communication
technology (IT) in the field of power engineering [15].

In recent years, economic regimes in electricity energy
consumption have increased the tendency to train more
experienced electric power engineers in the energy markets.
Increasing energy demand in the electricity industry, ageing
of power transmission and distribution lines, energy security
targets direct countries to smart grid technologies [16]. The
problem of qualified personnel experienced in the
widespread use of smart grid technologies, distributed and
renewable energy sources in electrical power engineering
create important training and demand need for the sector.

The difficulty of education keeps the demand for
electrical power engineering programs low in many
developed countries [17]. The most important reason for this
is the decrease in industrial support to electrical power
engineering programs and the difficult training [18]. At the
same time, the introduction of new technologies in electrical
energy systems, the liberalization of the electricity markets,
the support of the use of renewable energy sources by the
governments complicates the e. nergy supply-demand
energy sector [18]. All this mess creates the need to increase
technical infrastructure requirements for students graduating
from electrical power engineering. In addition to the
classical electrical engineering education, it also led students
to take lessons including information technology and
artificial intelligence methods for the smart grid and energy
market economy [19]. Despite all these demands and the
changes brought by technological developments, electric
power education renews itself with new reforms and finds
new ways to prepare its students for the markets. [20-22]. In
this sense, electrical power engineering education is
constantly changing in order to train students with the quality
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demanded by the markets [23]. Many studies have proven
that the use of modelling and simulation software that
provides feedback during the education of students
facilitates learning [24].

Planning and development of smart grids are only
possible with a very good understanding of the training of
electrical power systems [18]. This requirement can be
achieved by developing an object-based interface program
and applying it to lessons that require a more practical
application. In recent years, many object-oriented
commercial programs have been developed for the analysis
of electrical power systems. Most analysis programs
developed are designed to be used by experienced engineers
according to industry needs [18]. However, these programs
provide a great convenience for project engineers by using
all of the advanced analysis methods together according to
the needs of the industry. Commercial uses provide
enormous convenience as the majority of commercial
programs also contain many electrical components available
on the market as codes. However, these commercial
programs are sold under license for high prices for
commercial enterprises. In addition, these commercial
programs companies offer a series of training seminars to
post-sales engineer users, ensuring that their programs are
used efficiently. Although commercial programs are also
used by trained experienced engineers, it raises the need to
produce new versions of the program to keep up with the
developing technology. These new versions give rise to
commercial version upgrade fees and re-orientation training.
These commercial programs are constantly changing and
developing to meet all the needs of developing technology
by very large software companies. These programs are not
the software that electrical engineering students can use
during their education with their current knowledge.
Electrical engineering students need free software that can
quickly apply and practice many examples [26-28].

Simulation and analysis programs in electrical power
systems are divided into two main groups for commercial
and educational purposes. There are several large and
medium-sized commercial programs on the market. These
commercial programs are designed to perform detailed
modelling and simulation of systems. It is suitable for
commercial projects. However, these programs are
inadequate for research and educational use. The most
important reason for this is that these programs are made for
professional engineers. It requires a high degree of
knowledge for students, their use also requires training, and
the results are suitable for commercial projects. One of the
most important disadvantages of these commercial programs
not being used in education is that they do not allow
changing algorithms or adding new models. The most
anticipated expectation from programs designed for
educational purposes is the flexibility to carry out research
and education objectives, and their ability to perform simple
and basic calculations. Although there are several programs
in this field, they are not suitable for individual use due to
their high costs [26-30]. It is known that the electric power
systems can be thought of as the group power transmission
lines carrying energy from the power generation facilities to
the end-user. There are three different types of electrical
power transmission networks, namely short, medium and
long lines, in the transmission of electrical energy.
Depending on the type, the length, cable feature and

diameter of these networks play an important role in the
transmission and distribution of electrical energy to different
distances.

In this study, educational software for electrical power
engineering was developed using Python PyQt5 interface
library. With the software, electrical power engineering
students were given the opportunity to practice by applying
the problems in power systems. The software has been
developed in Istanbul Technical University Electric Power
Systems department and has been tested for the students in
this department for practical use. In this study, it is focused
only on the design of the software. This study has features to
be used especially by integrating with renewable energy
sources.

Il.  POWER SYSTEM COURSE AND APPLICATIONS

2.1. Power System Course

The Power Systems Course (PSC) deals with models,
calculations and analyzes related to the analysis of the
fundamental electrical power system. Models and methods
used in Electric Power systems are quite general and can be
applied to electric power systems of variable scales. These
scales can be combined with national and international
electricity transmission networks, such as a network. In
general terms, Electric Power Systems can be divided into
several sub-courses or collected in a single course in general.
In this undergraduate course, numerical calculation
techniques, modelling, analysis and control techniques are
taught. In the first stage, general information about the
general structure, equipment and parameters of electrical
power systems is given. In the second stage, AC
transmission systems and the installation of these systems
are explained. In the third stage, the behaviour of energy
transmission and distribution systems under loads is
explained by numerical calculation methods. Here, energy
losses, state estimation and load flow are given. Advanced
topics of electrical power systems can also be taught as a
course. These courses can sometimes be moved to the master
program. These advanced topics include energy economy,
energy market, asymmetrical conditions of power systems,
error analysis, stability, optimization and control of energy
systems.

A student who has successfully taken the fundamental of
electrical power systems course can take all other power
system courses and specialize in this field. Students who take
the course of the fundamentals of the electric power system
learn the following topics;

= Transmission line parameters;

» Inductance and capacitance,

= Short, medium and longline models and current-

voltage relationships

= Electrical characteristics of

generators,

= Per-Unit system,

= Modelling and Analysis of Power Systems.

The Energy Transmission Lines Engineering course content,
which is a continuation of this course, consists of the
following general headings.

= Calculation of power line materials against strength

and overvoltages. Protection angle calculation and
chain curve equation in high voltage lines.

= Deflection calculation and deflection methods.

transformers and
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=  Wire drawing calculations and additional loads on
energy transport lines.

= Openings and calculations between poles.

= Calculation of economic and critical gaps.

= Poles and lattice mast calculations. Concrete poles
and their calculations.

= Grounding resistance in overhead lines.

= Introduction to energy transmission stability.

= Integration into renewable energy systems.

2.2. Undergraduate Student Work

In electrical power systems course, the course is divided
into two parts: theoretical and practical. In the theoretical
part, students form groups and solve numerical problems
given in the course. Students 'exam success is closely related
to students' understanding of numerical problems very well.
The results of the numerical problems solved must be tested
using the software. Afterwards, the groups discuss the
different examples and complete the theoretical part of the
lesson. There are fundamental typical problems to be solved
in each lesson. After these problems are solved with classical
methods, the results of the university are tested with
software. For this software, students are practised by the
research assistants before the lesson.

In general, numerical calculations of electrical power
systems are solved with electrical circuit software after
mathematical models are simplified. However, as the lessons
progress, the parameters used in the transmission and
distribution  lines include special parameters and
components. In this case, if the universities do not have
special software, the subject is skipped by informing about
the software that the solutions can be made. Scientists
working in this field know very well the necessity of
teaching this area of the course, especially by making
student-centered software. The software made in this study
is designed to develop the applications that students will do
after the theoretical part.

Laboratory practices of students are carried out with
systems with real data collection system with transformers,
motors and lines. Figs. 1-3 shows the Energy-Transmission
and distribution Laboratory, which ITU Electrical

engineering students use under real conditions.

Fig. 1. ITU Energy Transmission Systems Lab2.

However, it may not always be economical to renew
laboratory equipment with developing technology. It is very

important for students to work in laboratories equipped with
real equipment in order to gain practical experience and
recognize electrical power system components. It is not
economical to renew these laboratories, which are equipped
with highly expensive electrical power systems, according to
developing technological developments.

Fig. 2. ITU Energy Distribution Systems Lab.

It is also necessary to take the necessary safety precautions
during the experiment in real conditions. For this reason,
these laboratories should be in terms of learning fundamental
concepts, but courses should be supported by technological
software. In Fig. 3, ITU Power Systems Lab. Analogue
Energy Transmission Simulator is shown. Here, analogue
energy transmission simulator Pi and T model modules can
be seen.

Fig. 3. ITU Power Systems Lab. Analog Energy Transmission Simulator,
Piand T model modules

I1l.  ITUPSA SOFTWARE IMPLEMENTATION FOR POWER
SYSTEM LABORATORY

With the development of object-oriented programming
and visual programming, the power system programs used
in the past have been replaced by new object-oriented power
system analysis programs. These programs are easy-to-use
software that can give problem results and analysis results
on the same page with the graphic interface unit. With this
software, data entry in standard transmission line diagrams
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can be made easily with mouse or keyboard. The software,
which can give analysis results very fast, is 200MB in size
with all its subfiles.

ITUPSA is a software developed to practice students for
planning, modelling and analysis of electrical power
systems. The software was developed using the Python-
based PyQt5 interface. Due to the Python interface, it is not
commercial software, and since the program is open-code, it
can be developed by people who are interested in power
systems in later versions. Starting his education life in 1173,
Istanbul Technical University (ITU) started his electrical
engineering education in 1926. The free version of ITUPSA
is used by ITU electrical engineering students. In the
researches, it has been concluded that the students have great
benefits in terms of controlling the solutions of their
theoretical problems and that they facilitate learning. The
program focuses on analyzing energy transmission and
distribution line problems. It has two language options and
an easy-to-use interface. The graphic interface is quite
powerful.

B Signin - o x

Istanbul Technical University

A Python-Based Interface of Power
Transmission Lines

Sign in
Username
|
Passorwd

Forgot Password |

Fig. 4. ITUPSA Login Screen
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Fig. 5. Selection screen for Short, Medium and Long transmission line

As shown in Fig. 4, students can log in directly to the
program using the password given by the instructor, using
the user name and password. The transmission line options

of ITUPSA program are shown in Fig. 5 and its interface is
shown in Fig. 6.
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Fig. 6. ITUPSA interface
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Analysis.
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Fig. 8. ITUPSA Middle Transmission Line Parameter Interface

As a result of the parameters entered, the calculated results
and analysis of the short transmission line are given in Fig.
7. When the required parameters are entered for the medium
length transmission line, Serial resistance, series reactance,
serial admittance, series impedance, apparent power,
Current per-phase voltage regulation values are calculated

(Fig. 8).

In addition, the efficiency of the line and voltage regulation
values are calculated and displayed on the interface.
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Fig. 10. ITUPSA Middle Transmission Line Parameter Interface

Similarly, the results of the analysis of the parameters for the
medium length power transmission line in Figure 9 and the
long transmission line in Figure 10 are given. In addition, in
the program, optional options such as printing and recording
of the results are included.

IV. CONCLUSION

In this study, a python-based software is designed for
electrical power systems. In the study, the software used to
support the courses and laboratories given in ITU electrical
power engineering department is recommended for students
to practice. The program recommended for students for the
mathematical parts of the electrical power systems course
given in the electrical engineering department in the
software was found practical and instructive by the students.
The software was written in open code using the Python-
based PyQt5 module. The software has two language
options, there are also plot and favour options. The program
is mainly based on object-oriented programming. On the
other hand, general information about energy transmission
lines including classification methods and mathematical

formulas and equivalent circuits have been added to the
program without giving details. In the software, a graphical
user interfaces (GUI) program, which can make accurate
calculations for three different types of energy transmission
lines, has been created, and its own custom interface,
including line parameters, equivalent circuit, results and
waveform, has been created for each type. In this way, the
user can make different analyzes by changing the parameter
information of the system where a single line diagram is
given. By analyzing the results of the analysis numerically,
it can compare whether the solutions are correct or not. In
addition, it is not necessary to create a new single-line
diagram to analyze with different information of the system.
In addition, this program has the feature of being integrated
into renewable energy systems.
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