SYLLABUS 

1. Information about the program
	1.1 Higher education institution
	 Politehnica University Timisoara 

	1.2 Faculty
 / Department

	 Electronics Telecommunications and Information Technologies 

	1.3 Chair
	▬

	1.4 Field of study (name/code
)
	 Electronics Telecommunications and Information Technologies Engineering / 20.20.10  

	1.5 Study cycle
	Master 

	1.6 Study program (name/code/qualification)
	 Communications Networks Engineering / 20.20.10 / 2153  


2. Information about discipline
	2.1 Name of discipline/The educational classe

	 Advanced Topics in Signal Processing 

	2.2 Coordinator (holder) of course activities
	 Prof. dr. eng. Corina Nafornita 

	2.3 Coordinator (holder) of applied activities

	 Prof. dr. eng. Corina Nafornita 

	2.4 Year of study

	 1 
	2.5 Semester
	 1 
	2.6 Type of evaluation
	 E 
	2.7 Type of discipline

	 DCAV 


3. Total estimated time (direct activities (fully assisted), partially assisted activities and unassisted activities
)
	3.1  Number of hours fully assisted/week
	 3  ,of which:   
	3.2 course
	 2 
	3.3 seminar/laboratory/project
	 1 

	3.1* Total number of hours fully assisted/sem.
	 42  ,of which:   
	3.2* course
	 28 
	3.3* seminar/laboratory/project
	 14 

	3.4 Number of hours partially assisted/week
	 4  ,of which: 
	3.5 project, research
	 2 
	3.6 training
	 1 
	3.7 hours designing M.A. dizertation
	 1 

	3.4* Number of hours pasrtially assisted/ semester
	 56  ,of which: 
	3.5* project of research
	28 
	3.6* training
	 14 
	3.7* hours designing M.A. dizertation
	 14 

	3.8 Number of hours of unassisted activities/ week
	 6  ,of which: 
	Additional documentation in the library, on specialized electronic platforms, and on the field
	 1 

	
	
	Study using a manual, course materials, bibliography and lecture notes
	3  

	
	
	Preparation of seminars/ laboratories, homework, assignments, portfolios, and essays
	 2 

	3.8* Total number of hours of unasssited asctivities/ semester
	84   ,of which: 
	Additional documentation in the library, on specialized electronic platforms, and on the field
	 14 

	
	
	Study using a manual, course materials, bibliography and lecture notes
	 42 

	
	
	Preparation of seminars/ laboratories, homework, assignments, portfolios, and essays
	 28 

	3.9 Total hrs./week

	  13 

	3.9* Total hrs./semester
	 182  

	3.10 No. of credits
	 5  


4.
Prerequisites (where applicable)
	4.1 Curriculum
	· Mathematics 1-4, Information Theory and Coding, Introduction to Computer Programming, Physics, Electrical and electronic measurements, Applied Computer Programming, Signals and systems, Signal Processing, Image Processing, Digital Radio Communications  

	4.2 Competencies
	·  Differential calculus, integral calculus, calculus using distributions, electronic circuits analysis, Matlab, statistics 


5.
Conditions (where applicable)
	5.1 of the course
	· Laptop, Videoprojector, Whiteboard  

	5.2 to conduct practical activities
	·  Laboratory with 8 workstands, equipped with software such as Matlab/Wavelab 


6.
Specific competencies acquired through this discipline
	Specific competencies
	·  Wavelets, detection & estimation, Radar, satellite navigation, SAR image processing  

	Professional competencies ascribed to the specific competencies
	·  C1 Selectarea, sintetizarea și evaluarea comparativă a conceptelor teoretice, modelelor, tehnicilor și metodelor de analiză din domeniul telecomunicațiilor; C2 Colectarea și interpretarea datelor relevante din domeniul rețelelor de telecomunicații pentru rezolvarea problemelor și aplicarea creativă a acestora în proiectare; C3 Rezolvarea problemelor prin integrarea surselor de informații complexe din domeniul aprofundat și domeniile conexe în contexte noi; C4 Dezvoltarea de aplicații hardware și software pentru rețele de telecomunicații prin folosirea de tehnologii de actualitate   

	Transversal competencies ascribed to the specific competencies
	·  CT1 Abilități de organizare și management al lucrului în echipă de cercetare pluridisciplinară, cu asumarea de responsabilități pe diferite paliere ierarhice ; CT2 Abilități critice, inovatoare și de cercetare, coroborate cu identificarea propriilor necesități de învățare și formare; CT3 Aptitudini de comunicare a ideilor, a problemelor și soluțiilor proiectelor, inițiative în cooperare interdisciplinară.    


7.
Objectives of the discipline (based on the grid of specific competemcies acquired)
	7.1 The general objective of the discipline
	· All the subjects analyzed prepare the students to be admitted as research engineers in telecommunications companies, automotive companies, and other major employers  

	7.2 Specific objectives
	·  This course is intended to give some knowledge and competences in using wavelets in signal processing; also, to introduce the problem of statistical signal processing which means estimation and detection. Other major goals are to introduce the problem of radar used in automotive (problems of estimation of range and velocity and tracking), some notions in satellite navigation and in SAR image processing. These topics are present in almost all M.Sc. telecommunications curricula, worldwide. The importance of using wavelets and statistical signal processing in communication engineering and other related fields is obvious. This course offers an essential support for other courses dealing with transmission over fading channels and multipath channels and for the general theory of digital modulation 


8.
Content
	8.1 Course
	Number of hours
	Teaching methods

	 1. Wavelets. The concept of multiresolution. Digital wavelet transform. Presentation and use of Wavelet toolbox and WaveLAB for 1D and 2D signals. 
	 3 
	 Slides, writing on whiteboard, Q&A  

	 2. Cramer-Rao Lower Bound. Minimum Variance unbiased estimation; Cramer-Rao theorem. Some examples 
	 3 
	

	 3. Maximum Likelihood Estimation. The likelihood function. The concept of estimation with maximum likelihood. Algorithms for ML estimation. Some examples 
	3  
	

	4. Least Squares Estimation. The estimation problem in the case of lack of any statistical properties. Computer minimization techniques of the cost function. Basics on Kalman filtering. Some examples  
	 3 
	

	 5. Neyman-Pearson Detection Strategy. The constant false alarm criterion. Detection threshold. Probability of correct detection. Some applications in image processing, database searching, RADAR/SONAR 
	 3 
	

	 6. Bayesian Detection Strategy. The risk function. Detection using the minimum risk rule. ML Bayesian detection and MAP Bayesian detection. Examples of using the Bayesian strategy in communications. ML and MAP receivers 
	 3 
	

	 7. Radar: Target detection. Estimation of range and velocity, for relative short distance, applicable in automotive. Tracking techniques in radar, especially Kalman-filtering based ones 
	4  
	

	 8.  Selected topics in satellite navigation: EGNOS 
	3  
	

	 9. SAR image processing 
	 2 
	

	  
	  
	

	  
	  
	

	  
	  
	

	  
	  
	

	  
	  
	

	Bibliography
    
1. Corina Nafornita, Digital Watermarking in the Wavelet Domain, Politehnica Publishing House, Timisoara, 2005, ISBN 973-625-236-1. 

2. Corina Nafornita, Signals and Systems, vol. 1, Politehnica Publishing House, 2009, ISBN 978-606-554-013-2 (978-606-554-014-9 vol I). 
3. Corina Nafornita, Alexandru Isar, Signals and Systems, vol. 2, Politehnica Publishing House, 2016
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6. Petre Stoica, Randolph Moses, Spectral analysis of signals, Prentice Hall, 2005.

7. Mark A. Richards, “Fundamentals of RADAR Signal Processing”, Second Edition, 2014, McGraw Hill Education.

8. H. Rohling, “RADAR CFAR Thresholding in Clutter and Multiple Target Situations”, IEEE Transactions in Aerospace and Electronic Systems, 1983.

9. Steffen Heuel, Radar Waveforms for A&D and Automotive Radar, White Paper, Rohde&Schwarz, 2013, 11_2013-1MA239_0e.

10. Adrian MACAVEIU, Andrei CAMPEANU, Ioan NAFORNITA, Kalman-Based Tracker for Multiple Radar Targets, pp 69-72. May 29-31, 2014, Bucharest, 10th International Conference on Communications, COMMUNICATIONS 2014

11. SM Patole, M Torlak, D Wang, M Ali, Automotive Radars: A review of signal processing techniques, IEEE Signal Processing Magazine, 2017

12. C. Oliver, and S. Quegan, Understanding Synthetic Aperture Radar, Images, SciTech Publishing, 2004

13. P. Misra, and P. Enge, Global positioning system: Signals, measurements and performance, 2nd edition, Ganga-Jamune Press, USA, Massachusetts, 2012
14. Editors Yonina Eldar , Gitta Kutyniok, Compressed Sensing theory and applications, Cambridge university press, 2012.

15. Kung Yao, Flavio Lorezelli, Chia-En Chen, Dection and Estimation for Communication and radar systems, Cambridge university press, 2013, 

16. Richard Aster, Brian Borchers, Clifford Thurber, Parameter estimation and inverse problems, Academic press, 2013

17. Per Christian Hansen, Victor Pereyra, Codela Scherer, Least square data fitting with applications, The Johns Hopkins University Press, 2013

18. Zhizhang Chen, Gopal Gokeda, Yiqiang Yu, Introduction to Direction-of-arrival estimation, Artech house 2010

19. Shigeo Abe, Support vector machines for pattern classification, 2n edition, 2010, Springer
20. Editors A.M. Zoubir, R. Chellappa, S. Theodoridis, Academic Press Library in Signal Processing Array and Statistical Signal processing, Academic Press, 2014

21. Editors N.D. Sidiropoulos, F. Gini, R. Chellappa, S. Theodoridis, Academic Press Library in Signal Processing, Communications and Radar Signal Processing, Academic Press, 2014

22. Trevor Hastie, Robert Tibshirani, Martin Wainwright, Statistical Learning with sparsity- the Lasso and Generalizations,CRC Press, 2015

23. Irina Rish, Genady Grabarnik, Sparse Modeling-Theory, Algorithms and Applications, CRC Press, 2015

24. S.K. Jayaweera, Signal Processing for cognitive radios,John Wiley and sons, 2015.

25. Phil Kim, Kalman filter for beginners: with Matlab examples, 2011


	8.2 Applied activities

	Number of hours
	Teaching methods

	 The student will make a report regarding a chosen topic, starting with the reference paper, which will contain both the theoretical part as well as the practical part (simulations for example). These topics are: 

- texture retrieval using wavelets, reference article: M. N. Do and M. Vetterli, "Wavelet-based texture retrieval using generalized Gaussian density and Kullback-Leibler distance," in IEEE Transactions on Image Processing, vol. 11, no. 2, pp. 146-158, Feb 2002. doi: 10.1109/83.982822.

-simulation of range-Doppler map for radar in order to detect multiple targets (pedestrians for example), based on the rapid chirp waveform. Reference paper:  Adrian Macaveiu, Corina Nafornita, Alexandru Isar, Andrei Campeanu, Ioan Nafornita, A Method for Building the Range-Doppler Map for Multiple Automotive Radar Targets, 11th International Symposium on Electronics and Telecommunications (ISETC), 2014, 14-15 Nov. 2014, 
-tracking for automotive radars, based on Kalman filtering.  Reference paper: Adrian MACAVEIU, Andrei CAMPEANU, Ioan NAFORNITA, Kalman-Based Tracker for Multiple Radar Targets, pp 69-72. May 29-31, 2014, Bucharest, 10th International Conference on Communications, COMM’2014

-SAR image processing. Reference paper: Corina Nafornita, Alexandru Isar, Norbert Matanie and Cristian Caba, Solution of a Big Data Problem. Simulator for Denoising of Single Look Complex SAR Images, 13-th International Symposium on Signals, Circuits and Systems, ISSCS 2017, July 13-14, 2017, Iasi, Romania

-EGNOS navigation improvement over Romania: Here the students will benefit from access to the data collected by the ESA Romanian network at three technical universities of Timisoara, Cluj and Iasi 
	 14 
	 Report and presentation, Q&A  
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9.
Coroboration of the content of the discipline with the expectations of the main representatives of the epistemic community, professional associations and employers in the field afferent to the program
	· All the problems presented are of practical importance for the employers and the scientific community  


10. Evaluation
	Type of activity
	10.1 Evaluation criteria

	10.2 Evaluation methods
	10.3 Share of the final grade

	10.4 Course
	  Written exam, from the topics of the course  
	 Evaluation of written exam 
	 50% 

	10.5 Applied activities 
	S:      
	  
	  

	
	L:      
	  
	  

	
	P:     Average mark from the report and presentation 
	 Evaluation of report and presentation 
	 50% 

	
	Pr:          
	  
	  

	
	Tc-R
:    
	  
	   

	10.6 Minimum performance standard (minimum amount of knowledge necessary to pass the discipline and the way in which this knowledge is verified


	·   Ability to understand and write a paper on a given subject, with proper references for exam; ability to understand and present the subject chosen for the project  


	Date of completion
	Course coordinator
(signature)
	Coordinator of applied activities
(signature)

	  17.05.2019 
	…………………….………
	…………………….………


	Head of Department
 (signature) 
	Date of approval in the Faculty Council 

	Dean
(signature)

	             …………………….………
	   
	…………………….………


� The form corresponds to the Syllabus promoted by OMECTS 5703/18.12.2011 (Annex 3), updated based on the Specific Standards ARACIS of December 2016.


� The name of the faculty which manages the educational curriculum to which the discipline belongs


� The name of the department entrusted with the discipline, and to which the course coordinator/holder belongs.


�  Fill in the code provided in HG no. 376/18.05.2016 or in HG similars annually updated.


� The educational classes of subjects (ARACIS – specific standards, art./paragraph 4.1.2.a) are: fundamental subjects, field subjects, majoring/specialization subjects.


�  The applied activities refer to: seminar (S) / laboratory (L) / project (P) / practice/training (Pr).


� The year of study to which the discipline is provided in the curriculum .


� The types of subjects (ARACIS – specific standards, art./paragraph 4.1.2.a) are: extended knowledge subject / advanced knowledge subject and synthetic subject (DA / DCAV and DS).


�  Within UPT, the number of hours from 3.1*, 3.2*,…,3.9* are obtained by multipling by 14 (weeks) the number of hours from 3.1, 3.2,…, 3.9. 


� The total number of hours/week is obtained by summing up the number of hours from 3.1, 3.4 şi 3.8.


� At least one title must belong to the department staff teaching the discipline, and at least one title must refer to a relevant work for the discipline, a national and international work that can be found in the UPT Library.


� The types of applied activities are those mentioned in 5. If the discipline containes more types of applied activities then they are marked, consecutively, in the table below. The type of activity will be marked distinctively under the form: „Seminar:”, „Laboratory:”, „Project:” and/or „Practice/Training:”.


� At least one title must belong to the staff teaching the discipline.


� The Syllabus must contain the evaluation method of the discipline, specifying the criteria, the metods and the forms of evaluation, as well as mentioning the share attached to these within the final mark. The evaluation criteria must correspond to all activities stipulated in the curriculum (course, seminar, laboratory, project), as well as to the methods of continuous assessment (homework, essays etc.)


� Tc-R= Homework-Reports


� For this point turn to  “Ghid de completare a Fișei disciplinei” found at: � HYPERLINK "http://univagora.ro/m/filer_public/2012/10/21/ghid_de_completare_fisa_disciplinei.pdf" �http://univagora.ro/m/filer_public/2012/10/21/ghid_de_completare_fisa_disciplinei.pdf� 


� The approval is preceeded by discussing the study program’s board’s point of view with redgards to the syllabus.






