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1. GENERAL
	SCHOOL:
	Engineering 

	DEPARTMENT:
	Electrical and Computer Engineering

	LEVEL OF STUDY: 
	Undergraduate

	COURSE UNIT CODE:
	6.004
	SEMESTER
	6

	COURSE TITLE:
	Digital Signal Processing


	COURSEWORK BREAKDOWN

	TEACHING WEEKLY HOURS
	ECTS Credits

	Theory (Lectures)
	3
	

	Laboratory
	1
	

	Tutorial/Exercises
	1
	

	
	5
	6

	COURSE UNIT TYPE:
	Specialized general knowledge/Skills development

	PREREQUISITES:

	

	LANGUAGE OF INSTRUCTION/EXAMS:
	Greek and English

	COURSE DELIVERED TO ERASMUS STUDENTS
	YES

	COURSE WEB PAGE (URL)
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2. LEARNING OUTCOMES
	Learning Outcomes

	This course introduces students to the fundamental techniques and applications of digital signal processing. Through lectures, homework, and laboratory experiments, students should be able to do the following upon completion of this course:
· Express digital signal sequences with various methods.
· Perform operations on discrete signals.
· Compute norms of discrete signals. 
· To check digital systems for linearity, time invariance, causality, and stability
· Compute linear and circular convolution.
· Analyze signals using the  Fourier transform.
· Compute the Nyquist frequency of a signal.
· Compute the impulse response of a digital system.
· Compute the frequency response of a digital system.
· Compute the Z transform of a digital sequence.
· Understand the geometric evaluation of the Fourier transform.
· Compute the transfer function of a digital system.
· Compute the Discrete Fourier Transform. 
· Compute the inverse Z transform of a function.
· Understand sectioned convolution.
· Design FIR filters.
· Design IIR filters. 
· Understand the Decimation in time and frequency FFT algorithms for efficient computation of the DFT.
· Implementation and analysis of digital systems in MATLAB.
· Compute Nyquist frequency with MATLAB.
· Compute the impulse response of a digital system with MATLAB.
·  Compute the frequency response of a digital system with MATLAB. 
· Compute the Z transform of a digital sequence with MATLAB. 
· Compute the inverse Z transform of a function with MATLAB.
· Design FIR and IIR filters with MATLAB.

	General Skills

	· Autonomous work
· Teamwork
· Search, analysis and synthesis of data and information, using the necessary technologies
· Decision making
· Promoting liberal, creative and inductive/deductive thinking
· Work in an interdisciplinary environment



3. SYLLABUS
	Description:
The course offers an introduction to Digital Signal Processing (DSP). In the beginning an explanation for the need of DSP and DSP is discussed followed by a presentation of digital sequences and the examination of convolution, linearity, shift-invariance and stability for digital systems. A complete model of a DSP system is examined in all stages including: sampling, analog to digital conversion, digital to analog conversion as well real time DSP. The Fourier transform of digital signals will be described followed by an outline of the Discrete Fourier Transform and the use of the Z transform. The design of FIR and IIR filters will be reviewed as well as the Fast Fourier Transform. 

Outline:
1. Introduction of Digital Signal Processing:  
History of Digital Signal Processing, applications, DSP categories and methodology of designing DSP systems.
2. Discrete Signals and Systems: 
Signals, signal processing, typical discrete-time signals, operations of signals, signal measures, linear, shift-invariant systems, convolution, stability, causality and digital filters.
3. Fourier Transformation of Discrete Signals: 
Frequency response, frequency response properties, Fourier transform of discrete signals
units of frequency, real-time signal processing, sampling, Digital to Analog Converter.
4. Z Transform and DFT: 
Z transform, properties of Z  transform, relationship between  Z transform and  Laplace transform, geometric calculation of  Fourier transform, inverse Z transform, solving difference equations using  Z transform, Discrete Fourier Transform (DFT), properties of the DFT, convolution of sequences, sectioned convolution.
5. Digital Filters: 
Realization of digital filters, FIR filters, design techniques for FIR filters, Kaiser filters.
6. IIR Filters: 
Properties of  IIR filters, techniques for determining IIR filter coefficients,  digital filter design from continuous-time filters,  frequency transformation,  comparison of FIR and IIR Filters.
7. Spectrum Analysis: 
Radix 2 Fast Fourier Transform (FFT), properties of Radix 2 FFT,  fast computation of  IDFT, fast computation of linear convolution using FFT, analysis of analog signals with FFT. 








 



4. TEACHING METHODS - ASSESSMENT
	MODE OF DELIVERY
	In-Class Face-to-Face, Laboratory exercises 

	USE OF INFORMATION AND COMMUNICATION TECHNOLOGY
	· Use of ICTs  power point lectures
· Use of ICTs for the communication with students via the e-class platform
· Use of ICTs for laboratory exercises with MATLAB
· Use of ICTs for videotaping the lectures and be available to students 

	EACHING ORGANIZATION
		Method description/Activity
	Semester Workload

	Lectures
	117

	Laboratory
	   26

	Laboratory Exercises
	  26

	Non-guided personal study
	  11

	Total Contact Hours 
	180




	
ASSESSMENT METHODS

	· Theory  50%
· 10%   Assignments
· 90%    Final  
· Laboratory  50%



5. RECOMMENDED BIBLIOGRAPHY
	-Recommended Bibliography:
· Schaum's Outline of Theory and Problems of Digital Signal Processing, Monson Hayes,McGraw-Hill,1999
· Digital Signal Processing First, James H. McClellan, Ronald W. Schafer, Mark A. Yoder, Pearson; 2nd edition, 2015
· Digital Signal Processing SIGNALS SYSTEMS AND FILTERS, A. Antoniou, McGraw-Hill, 2006
· DIGITAL SIGNAL PROCESSING Principles, Algorithms, and Applications, G. Proakis and Dimitris G. Manolakis, Fourth Edition, John Prentice-Hall, 2007
· Discrete Time Signal Processing, Benoıt Champagne and Fabrice Labeau, McGill University, Canada, 2004.
Relevant Scientific Journals:
· IEEE Signal Processing Magazine
· IEEE Transactions on Signal Processing
· Signal Processing, Elsevier
· Digital Signal Processing: A Review Journal,  Elsevier
· Circuits, Systems, and Signal Processing, Springer
· IET Signal Processing
· Eurasip Journal on Advances in Signal Processing




