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the latest technical knowledge are considered. Structural and 

technical description of the educational component is 

discussed. 
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I. INTRODUCTION 

Education of students at the Department of 
Microprocessor Technologies and Systems (MTS) of 
Kharkiv National University of Radio Electronics (KNURE) 
began in the 2018-2019 academic year. The main task of the 
fundamental department of MTS is to strengthen the quality 
of training of professional engineers in accordance with 
European standards in the field of microprocessor 
technologies and systems [1-3]. 

The curriculum of the discipline "Design of devices on 
microcontrollers and FPGA" was developed in close 
cooperation with colleagues from the University of Limoges 
(France), Lublin University of Technology (Poland) and 
Istanbul Technical University (Turkey). The best European 
training practices have been taken into account in the 
development of the curriculum. 

In modern society, much attention is paid to quality of 
training of technical specialists as a component of scientific 
and technological progress. Research and teaching staff of 
KNURE in accordance with the mission and main direction 
of the university pay sufficient attention to the development 
and implementation of new technologies in technical 
education [4-10]. 

II. DESCRIPTION OF THE CURRICULUM 

When developing the curriculum in the discipline 
"Design of devices on microcontrollers and FPGA" it was 
taken into account the best European practices of partner 
universities, the wishes of stakeholders, scientific and 
pedagogical experience of university professors: the 
maximum practical component; solution of block 
consecutive practical problems; division of discipline into 
related logical modules; training on modern equipment; use 
of the latest technologies and so on. 

The discipline "Design of devices on microcontrollers 
and FPGA" is taught in the cycle of general and special 
professional training for students of the first (bachelor's) 
level of higher education at the faculties of the university: 
Faculty of Automatics and Computerized Technologies; 
Faculty of Information Radio Technologies and Technical 
Information Security; Faculty of Electronic and Biomedical 
Engineering; Faculty of Іnfocommunications. The discipline 
is studied by students of the following specialties: 125 
Cybersecurity; 151 Automation and computer-integrated 
technologies; 152 Metrology and information-measuring 
equipment; 163 Biomedical Engineering; 171 Electronics; 
172 Telecommunications and radio engineering; 173 
Avionics. 

Materials of the discipline "Design of devices on 
microcontrollers and FPGA" in the amount of 10 ECTS 
credits are divided into three modules: 

 Modeling of digital signals by means of MATLAB 
and VHDL  (2 ECTS credits); 

 Microcontrollers (4 ECTS credits); 

 FPGA (4 ECTS credits). 

In the distribution of auditorium hours between types of 
classes, it is paid a special attention to the practical 
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orientation of the discipline. Therefore, 75% of the study 
time is spent on laboratory workshops, and 25% of the time 
is spent on lectures. 

The study of each module of the discipline is designed 
for one semester. Each module includes lectures, practical 
classes and labs. There are nine laboratory works in each 
module. Laboratory work of the first module is performed in 
two academic hours. While the laboratory work of the 
second and third modules are performed in four academic 
hours. 

A. Simulation of Digital Signals Using MATLAB and 

VHDL 

This module is aimed at studying the mathematical 
foundations of digital signal processing and mastering the 
basic algorithms used for analysis and synthesis of digital 
signal filtering devices. The laboratory workshop is 
performed using MatLab software or Octava [11]. The 
materials of the module are aimed at obtaining the following 
results by the applicant:  

 calculate the spectral, temporal and correlation 
characteristics of discrete signals, find their Z - 
image; 

 determine the system function of digital filters; 

 calculate the time and frequency characteristics of 
digital filters; 

 build block diagrams of digital filters in direct, 
canonical, cascade and parallel forms as well as its 
transposed variants; 

 synthesize filters with infinite and finite impulse 
characteristics. 

When performing a laboratory workshop is modeled:  

 discrete signal; 

 linear discrete system; 

 discrete Fourier transform; 

 synthesis of FIR filters by the window method; 

 synthesis of FIR and IIR filters by the method of the 
best uniform approximation; 

 synthesis of  IIR filters by bilinear z-transformation; 

 synthesis of FIR and IIR filters using FDATool and 
FilterBuilder in order to obtain VHDL description of 
the filter given. 

B. Microcontrollers 

This module is aimed at studying the programming of 
modern microprocessors STM32F407VGT manufactured by 
ST in C ++, in-circuit debugging of microprocessor software. 
Much attention is paid to learning the programming 
language, working with software packages IAR Embedded 
Workbench for ARM, STM32CubeMX and 
STM32CubeIDE, to write and debug programs, the use of 
these microprocessors in digital devices for transmission and 
processing of information. The laboratory workshop is 
performed on STM32F4 DISCOVERY models using 
MatLab, STM32CubeMX, STM32CubeIDE, IAR Embedded 

Workbench for ARM v 8.3 Kikstart software [12]. The 
materials of the module are aimed at obtaining the following 
results by the applicant: 

 develop schematics and compose the embedded 
software for such devices as: keyboard controller, 
PWM and analog signal generator, analog sensor 
meter, digital signal filtering device, UART 
communication device, graphic display control 
device, etc.; 

 debug software using STM32CubeMX, 
STM32CubeIDE and IAR Embedded Workbench for 
ARM simulation packages; 

 program the microprocessor and test the software 
composed. 

When performing a laboratory workshop the following 
tasks are carried out: 

 study of the architecture and principles of operation 
of the I / O ports of the processor STM32F407VGT; 

 study of programming timers-counters; 

 study of programming of the built-in digital-to-analog 
converter; 

 study of programming of the built-in analog-to-digital 
converter; 

 digital filtering of analog signal; 

 study of programming of the built-in asynchronous 
interface UART; 

 data storage in the internal flash memory of the 
processor; 

 control of LCD indicator ILI9328 through the built-in 
FSMC interface; 

 development of graphic interface with the ILI9328 
indicator. 

C. FPGA 

This module is aimed at studying the architecture and 
programming of modern programmable logic integrated 
circuits of the Artix-7 FPGA family manufactured by Xilinx, 
VHDL digital device design language and debugging 
methods and tools using the Vivado CAD software package; 
use of FPGA for the development of digital signal processing 
devices. The laboratory workshop is performed on Artix-7 
FPGA Xilinx models using CAD Vivado HLx Design Suite 
2018.2, MatLab [13-15]. The materials of the module are 
aimed at obtaining the following results by the applicant:   

 solve at the hardware and software level the task of 
building specialized hardware;  

 create models of digital systems at different levels of 
description: abstract, schematic and software;  

 master the methods of decomposition of the system, 
which are implemented in hardware and software;  

 implement a description of logic (program) of 
medium complexity in VHDL;  
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 develop embedded microprocessor systems based on 
FPGA. 

When performing a laboratory workshop are carried out:  

 execution of  logic modeling of digital input signals;  

 7-segment indicator control;  

 formation of a periodic sequence of pulses;  

 PWM signal generation; formation of a sinusoidal 
analog signal;  

 control of analog-to-digital converter;  

 analog-to-digital and digital-to-analog conversion. 

III. EDUCATION ORGANIZATION OF THE DISCIPLINE 

Prior to the beginning of the semester, all educational 
materials of the discipline are posted on the website 
dl.nure.ua, which implements the computer network 
educational environment by means of the platform based on 
the Moodle. Each student gets an access to the courses. This 
system allows the students to plan their studies more 
rationally and prepare for classes in advance. Also, when 
studying the discipline, students have the opportunity to 
participate in research at the Department of MTS. 

The discipline has implemented an accumulative system 
of points, which takes into account: class attendance, reports 
on laboratory work, tests; also, above the maximum score, 
the scientific work of students is taken into account. 

During the laboratory work, students receive a large 
number of graphs, screens of modeling and of verification 
stages, program codes, photos of the boards, etc. Students 
submit all completed reports exclusively in electronic form. 

Such a system of work on the discipline was introduced 
at the beginning of the discipline.  

IV. CONCLUSIONS 

Discipline "Design of devices on microcontrollers and 
FPGA" corresponds to modern trends in society for the 
training of highly qualified technicians in the field of 
microprocessor systems and technologies. It also makes a 
great contribution to the formation of specialists in 
embedded systems, which corresponds to the areas of IoT 
and IIoT. 

The proposed distribution of types of classes in the 
discipline "Design of devices on microcontrollers and 
FPGA" allows the best way to ensure the practical 
orientation of training. 

This approach made it possible to greatly facilitate the 
transition of teachers and students to remote work in 
quarantine conditions. 

It is planned to further implement a system of joint work 
of students on projects and the possibility of remote access to 
hardware platforms at the laboratory workshop. 
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