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	FACULTY OF ELECTRONICS 

SUBJECT CARD

Name in Polish
Analiza danych w systemach mikroprocesorowych
Name in English
Data Analysis in Microprocessor Systems
Main field of study (if applicable):
Electronics 

Specialization (if applicable): 
Electronic Equipment (EAE)
Level and form of studies: 
1st level, full-time
Kind of subject: 
obligatory
Subject code
ETES606
Group of courses
YES


	
	Lecture
	Classes
	Laboratory
	Project
	Seminar

	Number of hours of organized classes in University (ZZU)
	30
	
	30
	
	

	Number of hours of total student workload (CNPS)
	60
	
	60
	
	

	Form of crediting
	Examination 
	
	crediting with grade
	
	

	For group of courses mark (X) final course
	X
	
	
	
	

	Number of ECTS points
	4
	
	
	
	

	including number of ECTS points for practical (P) classes 
	-
	
	2
	
	

	including number of ECTS points for direct teacher-student contact (BK) classes
	1
	
	1
	
	


*delete as applicable
	PREREQUISITES RELATING TO KNOWLEDGE, SKILLS AND OTHER COMPETENCES
K1EKA_W08, K1EKA_W14


\
	SUBJECT OBJECTIVES
C1. The acquisition of knowledge, taking into account aspects of application, from the scope of selected methods of data analysis in microprocessor systems:

C1.1. Selection of system components and hardware and software tools.

C1.2. Signal spectrum - properties, algorithms, applications.


C1.3. Digital filters - properties, structures, algorithms, applications.

C2. The acquisition of skills of selection, use, and modification of the methods of data analysis in microprocessor systems relating to:

C2.1. Selection of system components and hardware and software tools.


C2.2. Signal spectrum - properties, algorithms, applications.


C2.3. Digital filters - properties, structures, algorithms, applications.


	SUBJECT EDUCATIONAL EFFECTS
relating to knowledge:

PEK_W01 – is able to describe the structure of the signal processing path in microprocessor systems and the function of each of the components of this path

PEK_W02 –is able to specify the properties of signal processors, as data processing tools in microprocessor systems and indicate the difference between signal processors and universal microprocessors (microcontrollers) 

PEK_W03 –is able to define the classification of signals and systems

PEK_W04 –is able to indicate the most important phenomena concerning sampling and quantization, which allows the selection of the A/D and D/A converter in microprocessor system

PEK_W05 –is able to enumerate and explain the definitions and properties of Fourier series, continuous Fourier transform in different versions because of the integration time and the continuity or discreteness of the variables in the time and frequency domain
PEK_W06 – is able to enumerate and explain the definitions and properties of discrete Fourier transform (DFT), in particular distortions due to the finite measurement time (the spectrum leakage), sampling in the time domain (aliasing) and the sampling in the frequency domain (discrete nature of the resulting spectrum)
PEK_W07 –is able to describe methods to minimize adverse effects in the spectrum: the time windows technique, anti-aliasing filtering (including oversampling) and spectrum interpolation procedures

PEK_W08 – is able to describe the most important algorithms for calculating the signal spectrum, including FFT and Goertzel algorithms, the numerical properties and example applications (e.g. DTMF signal detection)

PEK_W09 – is able to describe the methods of discrete systems description in the time domain (difference equation, the impulse response) and Z-transform domain and their basic properties and applications (e.g. generation of a sinusoidal signal from the difference equation)

PEK_W10 – is able to explain the issues of reconstruction of analog signal from discrete signal in the D / A converter, including restrictions on the interpolation circuit type of hold and the use of low-pass and correction sin x / x filtering at its output

PEK_W11 – is able to define and describe the systems of finite and infinite impulse response

PEK_W12 – is able to distinguish characteristics of FIR and IIR filters with regard to achieved design purposes of the filter (amplitude and phase characteristics, computational complexity, sensitivity to filter coefficients quantization errors and overflow errors, and rounding of used fixed-and floating-point arithmetic)
PEK_W13 – is able to describe the most important methods of designing FIR filters and IIR
PEK_W14 – is able to describe the most important structures of the FIR and IIR filters implementations
PEK_W15 – is able to explain the purpose of the use and operation of the interpolation and decimation circuits and their basic properties (including the description in the frequency domain)

PEK_W16 – is able to describe examples of interpolation and decimation applications (software changing the sampling rate, polyphase filtering, polyphase filter bank)

relating to skills:

PEK_U01 – is able to match individual components of the signal processing path in microprocessor systems

PEK_U02 – is able to formulate the data processing algorithms in the microprocessor systems defined by algebraic form (set of equations) in the matrix form, e.g. for the linear least squares method or reconstruction of analog signal from the samples based on the Shanon series
PEK_U03 – is able to implement the algorithm defined in the algebraic and matrix form in Matlab language programming environment
PEK_U04 – is able to prepare script in Matlab to analyze the spectrum of the signal using a time window and Fourier transform and uses it and interpret the results obtained in the analysis of complex signal consisting of the sum of sinusoidal components

PEK_U05 – is able to prepare own software application in Matlab language for analysis of signal consisting of many sinusoid with the use of graphical user interface (GUI) in this language and the use of time windows techniques and spectrum interpolation procedures, and then properly use software made ​​in the precise analysis of the complex signal consisting of the sum of sinusoidal components
PEK_U06 – is able to design, analyze and prepare FIR and IIR digital filters for selected parameters with the selected filter design methods in Matlab software 


	PROGRAMME CONTENT

	Form of classes - lecture
	Number of hours

	Lec 1
	Introduction to the lecture subjects, requirements, form of the course completion. Characteristics of signal processors as the tools of the digital signal processing.
	2

	Lec 2 - Lec 3
	Classification of signals and systems. Sampling and quantization. Fourier series. Fourier transform.
	4

	Lec 4 - Lec 5
	Discrete Fourier transform (DFT). Spectrum leakage.

Time data windows. Signal spectrum interpolation.
	4

	Lec 6 - Lec 7
	FFT algorithms (fast Fourier transform). Goertzel algorithm in computation of signal spectrum.
	4

	Lec 8
	Digital-to-analog conversion. Discrete difference equation - digital synthesis of sinusoidal signal. Reconstruction of analog signal on the base of data samples. Sin x / x correction filter.
	2

	Lec 9
	Principles of digital filtering - finite (FIR) and infinite (IIR) impulse response systems.
	2

	Lec 10 - Lec 12
	Digital FIR, IIR filters - design methods, selection of structure, applications.
	6

	Lec 13 - Lec 15
	Introduction to interpolation and decimation - basic properties and applications.
	6

	
	Total hours
	30


	Form of classes - laboratory
	Number of hours

	Lab 1
	Matlab programming environment – exemplary application in the data analysis.
	2

	Lab 2
	Reconstruction of analog signal from samples based on Shanon series
	2

	Lab 3 - Lab 5
	Analysis of the signal spectrum based on the discrete Fourier transform (DFT) - the basics.
	6

	Lab 6 - Lab10
	DFT spectrum - time windows and interpolation procedures (advanced functions with creating own application with a graphical user interface GUI in Matlab).
	10

	Lab 11 - Lab15
	Digital filters - methods of design, structures and applications.
	10

	
	Total hours
	30


	TEACHING TOOLS USED

	1. Traditional lecture using slides
2. Laboratory using Matlab programming environment
3. Consultations
4. Own work - preparation for laboratory
5. Own work - self-study and preparation for the exam


EVALUATION OF SUBJECT EDUCATIONAL EFFECTS ACHIEVEMENT
	Evaluation (F – forming (during semester), P – concluding (at semester end)
	Educational effect number
	Way of evaluating educational effect achievement

	F1
	PEK_W01–PEK_W05
	Written test

	F2
	PEK_W06–PEK_W10
	Written test

	F3
	PEK_W11–PEK_W16
	Written test

	F4
	PEK_U01–PEK_U04
	Laboratory tests (oral and / or written), discussion, evaluation of laboratory tasks

	F5
	PEK_U05
	Laboratory tests (oral and / or written), discussion, evaluation of laboratory tasks

	F6
	PEK_U06
	Laboratory tests (oral and / or written), discussion, evaluation of laboratory tasks

	F7
	PEK_W01- PEK_W16

PEK_U01- PEK_U06
	Written and oral exam

	P= 0.7*F7 + 0.05*F6 + 0.05*F5 + 0.05*F4 + 0.05*F3 + 0.05*F2 + 0.05*F1


	PRIMARY AND SECONDARY LITERATURE

	PRIMARY LITERATURE:
Zieliński T., Cyfrowe przetwarzanie sygnałów: od teorii do zastosowań, WKiŁ, Warszawa 2005, 2007, 2009.

Zieliński T., Od teorii do cyfrowego przetwarzania sygnałów, Wyd. AGH, Kraków 2002.

Lyons R. G., Wprowadzenie do cyfrowego przetwarzania sygnałów, WKiŁ, Warszawa 1999.

Marven C., Ewers G., Zarys cyfrowego przetwarzania sygnałów, WKiŁ, Warszawa 1999.

Izydorczyk J., Płonka G., Tyma G., Teoria sygnałów, Helion, Gliwice 1999.

A. Dąbrowski (red.), P. Figlak, R. Gołębiewski, T. Marciniak. Przetwarzanie sygnałów przy użyciu procesorów sygnałowych. Wydawnictwo Politechniki Poznańskiej, 1997.
SECONDARY LITERATURE:
Oppenheim A. L., Schafer R.W., Cyfrowe przetwarzanie sygnałów, WKiŁ, Warszawa 1979.

Szabatin J., Podstawy teorii sygnałów, WKiŁ, Warszawa 1982, 1990, 1999.

	SUBJECT SUPERVISOR (NAME AND SURNAME, E-MAIL ADDRESS)

	dr hab. inż. Józef Borkowski, prof. PWr, jozef.borkowski@pwr.wroc.pl


MATRIX OF CORRELATION BETWEEN EDUCATIONAL EFFECTS FOR SUBJECT
Data Analysis in Microprocessor Systems 
AND EDUCATIONAL EFFECTS FOR MAIN FIELD OF STUDY Electronics
AND SPECIALIZATION Electronic Equipment (EAE)
	Subject educational effect
	Correlation between subject educational effect and educational effects defined for main field of study and specialization (if applicable)**
	Subject objectives***
	Programme content***
	Teaching tool number***

	PEK_W01
	S1EAE_W09
	C1.1
	Lec1
	1, 3, 4, 5

	PEK_W02
	S1EAE_W09
	C1.1
	Lec1
	1, 3, 4, 5

	PEK_W03
	S1EAE_W09
	C1.2
	Lec2-Lec3
	1, 3, 4, 5

	PEK_W04
	S1EAE_W09
	C1.2
	Lec2-Lec3
	1, 3, 4, 5

	PEK_W05
	S1EAE_W09
	C1.2
	Lec2-Lec3
	1, 3, 4, 5

	PEK_W06
	S1EAE_W09
	C1.2
	Lec4-Lec5
	1, 3, 4, 5

	PEK_W07
	S1EAE_W09
	C1.2
	Lec4-Lec5
	1, 3, 4, 5

	PEK_W08
	S1EAE_W09
	C1.2
	Lec6-Lec8
	1, 3, 4, 5

	PEK_W09
	S1EAE_W09
	C1.2
	Lec7-Lec8
	1, 3, 4, 5

	PEK_W10
	S1EAE_W09
	C1.2, C1.3
	Lec8-Lec10
	1, 3, 4, 5

	PEK_W11
	S1EAE_W09
	C1.3
	Lec9
	1, 3, 4, 5

	PEK_W12
	S1EAE_W09
	C1.3
	Lec10-Lec12
	1, 3, 4, 5

	PEK_W13
	S1EAE_W09
	C1.3
	Lec10-Lec12
	1, 3, 4, 5

	PEK_W14
	S1EAE_W09
	C1.3
	Lec10-Lec12
	1, 3, 4, 5

	PEK_W15
	S1EAE_W09
	C1.3
	Lec13-Lec15
	1, 3, 4, 5

	PEK_W16
	S1EAE_W09
	C1.3
	Lec13-Lec15
	1, 3, 4, 5

	PEK_U01
	S1EAE_U07
	C2.1
	Lab1-Lab2
	1, 2, 3, 4, 5

	PEK_U02
	S1EAE_U07
	C2.1
	Lab1-Lab2
	1, 2, 3, 4, 5

	PEK_U03
	S1EAE_U07
	C2.1
	Lab1-Lab2
	1, 2, 3, 4, 5

	PEK_U04
	S1EAE_U07
	C2.2
	Lab3-Lab5
	1, 2, 3, 4, 5

	PEK_U05
	S1EAE_U07
	C2.2
	Lab6-Lab10
	1, 2, 3, 4, 5

	PEK_U06
	S1EAE_U07
	C2.3
	Lab11-Lab15
	1, 2, 3, 4, 5


** - enter symbols for main-field-of-study/specialization educational effects

*** - from table above

