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Course description
DIGITAL SIGNAL PROCESSING
(title)

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 (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).
	Area of knowledge, specialty, academic programme, academic degree

	Academic degree
	 Master

	Specialty
	 G11 «Mechanical Engineering (by specializations)»

	Academic programme
	Robotic systems and complexes of agricultural production

	Characteristics of the discipline

	Type
	Selective

	General volume of hours
	150

	Number of credits ECTS 
	5

	Number of modules
	2

	Course project
	-

	Control form
	Exam

	Indicators of the discipline for full-time forms of university study

	Year of study
	1

	Term
	2

	Lectures
	30 h.

	Practical classes and seminars
	-

	Laboratory classes
	30 h.

	Self-study
	90 h.

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


1. Aim, competences and expected learning outcomes of the discipline
The purpose of the course 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.

Competences acquired: 

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 (GC):
GC2. Ability to learn and master modern

knowledge.

GC 4. Ability to be critical and self-critical.

GC 6. Ability to generate new ideas (creativity).

special (professional) competencies (SC):
SC3. Ability to create new equipment and technologies in the field of mechanical engineering.

SC4. Awareness of the promising tasks of modern production aimed at meeting the needs of consumers, mastery of trends in innovative development of technologies in the industry.

SC7. Ability to use intelligent technologies to ensure the sustainable development of robotic systems of agricultural production.

Expected learning outcomes (ELO):
ELO2. Knowledge and understanding of mechanics and mechanical engineering and the prospects for their development.

ELO4. Perform engineering calculations to solve complex tasks and practical problems in the field of mechanical engineering.

ELO6. Find the necessary scientific and technical information in available sources, in particular, in a foreign language, analyze and evaluate it.

ELO8. Knowledge of the production advantages and features of the use of robotic systems and complexes in the agricultural sector.

2. Programme and structure of the discipline
	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
	24
	4
	-
	-
	-
	20
	1-2

	Topic 3. Kotelnikov's theorem and its consequences. Signal recovery
	26
	2
	-
	4
	-
	20
	3-4

	Topic 4. Signal quantization effects
	8
	2
	-
	6
	-
	-
	5-6

	Total for module 1
	60
	10
	-
	10
	-
	40
	-

	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
	-
	20
	13-15

	Total for module 2
	90
	20
	-
	20
	-
	50
	-

	Total hours
	150
	30
	-
	30
	-
	90
	-


	3. Topics of lectures
№
	Topic
	Hours

	1
	Introduction. Types of signals
	2

	2
	Mathematical apparatus for describing digital signals
	4

	3
	Kotelnikov's theorem and its consequences. Signal recovery
	2

	4
	Signal quantization effects
	2

	5
	The simplest digital filters for robotic systems
	2

	6
	Basic characteristics of digital filters
	2

	7
	Recursive and non-recursive digital filters
	10

	8
	Design of digital filters for robotic systems
	6


4. Topic of laboratory (practical, seminars) classes
	№
	Topic
	Hours

	1
	Recovery 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


	5. Topics of self-study
№
	Topic
	Hours

	1
	Discrete Fourier transform
	20

	2
	z-transformation
	20

	3
	Classification of digital filters
	10

	4
	Bessel filter
	10

	5
	Elliptical filter
	10

	6
	Software products for the implementation of digital filters
	20


6. Methods of assessing expected learning outcomes:

When teaching this discipline, the following diagnostic tools are used: oral interview; exam; module tests; defense of laboratory work.

7. Teaching methods:
When teaching this discipline, the following methods are used: problem-based learning method; practice-oriented learning method; research-based learning method; educational discussions and debates method; teamwork and brainstorming method.

8. Results assessment
The knowledge of a higher education applicant is assessed on a 100-point scale, which is translated into a national assessment in accordance with the current "Regulations on Examinations and Tests at the NUBiP of Ukraine."
8.1  Distribution of points by types of educational activities
	Type of training activities
	Results teaching
	Evaluation

	Module 1. General characteristics of optimization robotics problems and approaches to their solution

	Self-study work 1
	ELO2, ELO4, ELO8.To know the advantages of digital signals and main means of their processing. To be able to discrete analog signals and avoid signal spoiling. 
	20

	Self-study work 2
	
	20

	Lab 1
	
	15

	Lab 2
	
	15

	Module 1 test
	-
	30

	Overall on 1st module
	-
	100

	Module 2. Methods of solving optimization robotics problems

	Lab 3
	ELO2, ELO4, RLO6, RLO8. To know the main features of digital filters. To be able to select proper digital filter and to tune it settings (order, cut-off frequency, etc.). To be able to use proper software to process a digital signal.
	10

	Lab 4
	
	10

	Self-study work 3
	
	5

	Lab 5
	
	10

	Lab 6
	
	10

	Self-study work 4
	
	5

	Self-study work 5
	
	5

	Lab 7
	
	10

	Self-preparation work 6
	
	5

	Module 2 test
	-
	30

	Overall on 2nd module
	-
	100

	Class work
	-
	(М1+М2)/2*0,7 ≤70

	Exam
	-
	30

	Overall
	-
	(Class work+Exam)≤100


8.2 Scale for assessing student’s knowledge
	Student’s rating, points
	National grading

(exam/credits)

	90-100
	excellent

	74-89
	good

	60-73
	satisfactory

	0-59
	unsatisfactory


8.3 Assessment policy

	Deadlines and exam retaking rules
	 works that are submitted late without valid reasons will be assessed with a lower grade. Module tests may be retaken with the permission of the lecturer if there are valid reasons (e.g. a sick leave). 

	Academic integrity rules
	cheating during tests and exams is prohibited (including using mobile devices). Term papers and essays must have correct references to the literature used

	Attendance rules
	attendance is compulsory. For good reasons (e.g. illness, international internship), training can take place individually (online  by the faculty dean’s consent)


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.
10. Recommended sources of information
1. 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.

2. Алгоритми та засоби обробки сигналів: навч. посібн. / Ваврук Є., Лашко О., Попович Р. – Львів: СПОЛОМ, 2021. – 240 с.

3. Digital Signal Processing – Complete Guide With Examples [Електронний ресурс] – Режим доступу до ресурсу: https://www.softwaretestinghelp.com/
digital-signal-processing-tutorial/.
4. Цифровий сигнал (обробка сигналів) [Електронний ресурс] – 
Режим доступу до ресурсу: https://uk.wikipedia.org/wiki/Цифровий_
сигнал_(обробка_сигналів).
5. Teaching and Learning with Jupyter [Електронний ресурс] – Режим доступу до ресурсу: https://jupyter4edu.github.io/jupyter-edu-book/.
6. 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.
7. Digital Signal Processing Tutorial [Електронний ресурс] – Режим доступу до ресурсу: https://www.tutorialspoint.com/digital_signal_processing/index.htm.
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