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Description of the discipline
DIGITAL SIGNAL PROCESSING
	Academic degree, specialty, academic programme

	Academic degree
	master

	Specialty
	133 – Mechanical Engineering

	Academic programme
	Robotic systems and complexes of  agricultural production

	Characteristics of the discipline

	Type
	compulsory

	Total number of hours
	120

	Number of ECTS credits
	4

	Number of modules
	2

	Course project (work) (if any)
	-

	Form of assessment
	exam

	Indicators of the discipline

for full-time and part-time forms of university study

	
	Full-time
	Part-time

	 Year of study
	1
	-

	Semester
	1
	

	Lectures
	30 h.
	-

	Practical classes and seminars
	-
	-

	Laboratory classes
	30 h.
	-

	Self-study
	60 h.
	-

	Number of hours per week for full-time students
	4 h.
	-


1. Aim, objectives, competences and expected learning outcomes of the    discipline
Digital signal processing (DSP) is an integral part of modern industrial engineering and plays an important role in various aspects of product design, production and optimization. The study of the discipline of DSP is of great importance for specialists in the field of mechanical engineering for the following reasons: 1) signal processing in modern systems (most modern systems in mechanical engineering include electronics and sensors that generate signals. The study of DSP allows you to understand how these signals can be processed, filter, analyze and use for system management and optimization); 2) control and automation systems (control and automation systems are widely used in mechanical engineering. They are based on signal processing to detect errors, adjust parameters and make decisions based on input data); 3) signals from sensors and sensors (in modern machine-building solutions, much attention is paid to the collection of data from various sensors and sensors. DSP helps to process this data, extract useful information and allows for accurate analysis of the system state); 4) signals in images and sound (engineering can use signals that are presented in the form of images or sounds. The study of DSP helps to understand the methods of processing these signals, such as image processing for product quality control or sound analysis for defect detection); 5) communication and communication (in modern mechanical engineering systems, an important role is given to data transmission between various system components. DSP helps to understand aspects of digital communication, such as modulation, demodulation and coding, which are important for stable and efficient information transmission); 6) innovation and development of new technologies (the development of industrial mechanical engineering requires constant improvement of technologies and development of new products. The study of DSP allows developers to be confident in the processing and analysis of signals in new innovative products).

Overall, studying the discipline of DSP is critical for mechanical engineering professionals as it provides them with the necessary knowledge and skills to work effectively with signals, ensuring quality, reliability and innovation in their designs and products.

The goal of the discipline is the formation of theoretical understanding and practical skills of working with digital signals that are generated, transmitted and processed in mechatronic systems of agricultural machines.

The tasks of the discipline consist in teaching: the main theoretical principles on which the methods of digital signal processing are based, their application to work with signals; provisions regarding the selection of DSP methods and their setting; the use of software for the implementation of DSP.
Competence acquisition:

integral competence: the ability to solve complex tasks and problems of industrial mechanical engineering, which involve research and/or innovation and are characterized by uncertainty of conditions and requirements.

general competences:

Ability to use information and communication technologies.

Ability to learn and master modern knowledge.

Ability to search, process and analyze information from various sources. 

Ability to be critical and self-critical.

Ability to identify, pose and solve problems. Ability to make informed decisions.

Ability to make informed decisions.

professional (special) competences:

The ability to set, improve and apply quantitative mathematical scientific and technical methods and computer software, to apply a systematic approach to solving engineering problems, in particular, in conditions of technical uncertainty.

The ability to create new equipment and technologies in the field of mechanical engineering. 
Awareness of promising tasks of modern production aimed at meeting the needs of consumers, mastering the trends of innovative development of industry technologies.

Program learning outcomes:

Knowledge and understanding of the basics of technological, fundamental and engineering sciences, which are the basis of industrial mechanical engineering and, in particular, the development of robots for the needs of agricultural production.

Knowledge and understanding of mechanics and mechanical engineering and prospects for their development.

To know and understand the processes of industrial mechanical engineering, in particular in the part of the development of robots, to have skills in their practical use.

Carry out engineering calculations to solve complex problems and practical problems of creating robots in industrial mechanical engineering.

Analyze engineering objects, processes and methods.

Search for the necessary scientific and technical information of enterprises and institutions of industrial engineering in the creation of robots and robotic systems.

2. Programme and structure of the discipline for:

· full-time (part-time) form of study;

 reduced full-time (part-time) form of study.
	Modules   and topics
	Number of hours

	
	full-time

	
	total
	including

	
	
	l
	p
	lab
	ind
	s.st
	weeks

	1
	2
	3
	4
	5
	6
	7
	8

	Module 1. General properties of digital signals

	Topic 1. Introduction. Types of signals
	2
	2
	-
	-
	-
	-
	1

	Topic 2. Mathematical apparatus for describing digital signals
	14
	4
	-
	-
	-
	20
	1-2

	Topic 3. Kotelnikov's theorem and its consequences. Signal recovery
	6
	2
	-
	4
	-
	-
	3-4

	Topic 4. Signal quantization effects
	18
	2
	-
	6
	-
	-
	5-6

	Total for module 1
	40
	10
	-
	10
	-
	20
	-

	Module 2. Digital filters for robotic systems

	Topic 5. The simplest digital filters for robotic systems
	8
	2
	-
	6
	-
	-
	7-8

	Topic 6. Basic characteristics of digital filters
	12
	2
	-
	-
	-
	10
	8

	Topic 7. Recursive and non-recursive digital filters
	38
	10
	-
	8
	-
	20
	9-12

	Topic 8. Design of digital filters for robotic systems
	22
	6
	-
	6
	-
	10
	13-15

	Total for module 2
	80
	20
	-
	20
	-
	40
	-

	Total hours
	120
	30
	-
	30
	-
	60
	-


	3. Topics of laboratory (practical, seminar) classes
№
	Topic title
	Hours

	1
	Restoration of an analog signal from a discrete one
	4

	2
	Study of effects of signal quantization of sensor systems of robots
	6

	3
	Study of the operation of average and median running filters
	2

	4
	Study of the operation of the Savitsky-Goley filter. Differentiation of a discrete signal. Robot link velocity calculation
	4

	5
	Study of the operation of non-recursive filters
	4

	6
	Study of the work of recursive filters
	4

	7
	Design of digital filters for robotic systems
	6

	4. Topics for self-study
№
	Topic title
	Hours

	1
	Discrete Fourier transform
	10

	2
	z-transformation
	10

	3
	Classification of digital filters
	10

	4
	Bessel filter
	10

	5
	Elliptical filter
	10

	6
	Software products for the implementation of digital filters
	10


5. Tools for assessing expected learning outcomes:

· exam;

· credit;

· module tests;

· abstracts;
· presentation of laboratory and practical works.
6. Teaching methods:
When teaching this discipline, the following are used: verbal method (lecture, discussion, interview, etc.); practical method (laboratory classes); visual method (illustration method, demonstration method); work with educational and methodical literature (noting, summarizing, annotating, reviewing, writing an abstract); video method (remote, multimedia, web-oriented, etc.); independent work (task performance); individual research work of students of higher education.
7. Assessment methods
When teaching this discipline, the following are used: exam; oral or written survey; unit testing; abstracts; protection of laboratory works; presentations and speeches at scientific events.
8. Distribution of points received by students
The assessment of students’ knowledge and skills is conducted by means of a 100-point scale and is converted into national grades according to Table 1 of the current Exam and Credit Regulations at NULES of Ukraine.

	Student’s rating, points
	National grading of exams and credits

	
	exams
	credits

	90-100
	excellent
	          pass

	74-89
	good
	

	60-73
	satisfactorily
	

	0-59
	unsatisfactorily
	         fail


To determine a student’s rating in the discipline RDIS (up to 100 points), the received assessment rating RA (up to 30 points) is added to the academic performance raiting RAP (up to 70 points): RDIS = RAP + RA.

9. Teaching and learning aids
1. Electronic resource «Digital Signal Processing», Digital portal of NULES of Ukraine / Yuriy Romasevych, Viktor Krushelnytsky – Access: https://elearn.nubip.edu.ua/course/view.php?id=5361;

2. textbooks, manuals, tutorials;
3. guidelines for studying a discipline by full-time and part-time students.
1. Recommended sources of information
2. Основи та методи цифрової обробки сигналів: від теорії до практики: навч. посібник / Ю.О. Ушенко, М.С. Гавриляк, М.В. Талах, В.В. Дворжак. – Чернівці : Чернівецький нац. ун-т ім. Ю. Федьковича, 2021. - 308 с.

3. Мехатроніка: підручник / В.С. Ловейкін, Ю.О. Ромасевич, В.В. Крушельницький. – К.: ЦП „Компрінт”, 2020. – 404 с.
4. Алгоритми та засоби обробки сигналів : навч. посібн. / Ваврук Є., Лашко О., Попович Р. – Львів : СПОЛОМ, 2021. – 240 с.

5. Рибальченко М.О., Єгоров О.П., Зворикін В.Б. Цифрова обробка сигналів. Навчальний посібник. – Дніпро: НМетАУ, 2018. – 79 с.
6. Digital Signal Processing – Complete Guide With Examples [Електронний ресурс] – Режим доступу до ресурсу: https://www.softwaretestinghelp.com/
digital-signal-processing-tutorial/.
7. Цифровий сигнал (обробка сигналів) [Електронний ресурс] – 
Режим доступу до ресурсу: https://uk.wikipedia.org/wiki/Цифровий_
сигнал_(обробка_сигналів).
8. Teaching and Learning with Jupyter [Електронний ресурс] – Режим доступу до ресурсу: https://jupyter4edu.github.io/jupyter-edu-book/.
9. A Beginner's Guide to Digital Signal Processing (DSP) [Електронний ресурс] – Режим доступу до ресурсу: https://www.analog.com/en/design-center/landing-pages/001/beginners-guide-to-dsp.html.
10. Digital Signal Processing Tutorial [Електронний ресурс] – Режим доступу до ресурсу: https://www.tutorialspoint.com/digital_signal_processing/index.htm.
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