Course Syllabus

ECE 652 - Digital Signal Processing II

Department:
Electrical and Computer Engineering

Course Number:
ECE 652

Course Title:
Digital Signal Processing I

Credit Units:
3

Course Description

Approximation of filter specifications.  Advanced digital filter design techniques. Implementation issues for digital filters, sensitivity and quantization noise. Decimation and interpolation of discrete-time signals. Fast number theory transforms.  Two-dimensional digital signal processing.

Prerequisites

Students taking this course should understand the material in ECE 651, including analysis methods for discrete-time systems and design methods for digital filters.

Texts and References

Required Texts:

Digital Signal Processing System Analysis and Design, 632 pages, P.R. Diniz, E.B. Silva, S.L. Netto, Cambridge University Press, 2002.

ECE652 Course Notes Volume 1, J.W. Adams, 617 pages, 2003, course notes printed by the CSUN bookstore without royalties to the author.

ECE652 Course Notes Volume 2, J.W. Adams, 387 pages, 2003, course notes printed by the CSUN bookstore without royalties to the author.

Supplements:
Course handouts and supplementary materials will be distributed in the classroom.

Recommended Texts:

Discrete-time Signal Processing, Alan V. Oppenheim and Ronald W. Schafer, published by Prentice-Hall, 1999.

The Scientist and Engineer's Guide to Digital Signal Processing, Steven W. Smith, California Technical Publishing, 2000.  All chapters are available at no charge in Adobe Acrobat files at http://www.dspguide.com.

Numerical Recipes in C and Numerical Recipes in Fortran, Cambridge University Press, 2000.  All chapters are available at no charge in Adobe Acrobat files at http://www.nr.com.

Reserve Book Room:

Collections of reference materials and 3-ring notebooks containing collections of IEEE papers are in the CSUN Library Reserve Book Room.  Approximately 60 items are on reserve.  

Internet Resources:

http://www.csun.edu/~jwadams

http://www.dspguide.com.

http://www.nr.com

Course Objectives

After completing this course the students should be able to:

1. Understand advanced digital signal processing algorithms.  

2. Use the appropriate approximation methods for achieving digital filter specifications in practical applications.  Understand optimality criteria and optimization algorithms.  

3. Understand advanced digital filter design techniques, including multiple exchange algorithms.  

4. Analyze digital filter design tradeoffs.  Understand feasibility, optimality, and convergence.  Understand performance tradeoffs and Lagrange multipliers.

5. Use the Kuhn-Tucker theorem to test engineering designs for optimality

6. Understand adaptive digital filters, including spatially variant apodization.

7. Understand implementation issues for digital filters, including coefficient sensitivity and quantization noise.

8. Understand decimation and interpolation of discrete-time signals. 

9. Understand digital signal transforms and their applications.

10. Understand two-dimensional digital signal processing.

Topics Covered/Course Outline

11. Digital signal transforms.  Review of the DFT and FFT.  Discrete cosine transform (DCT).  Fast cosine transform (FCT).  Fast number theory transform (FNT). 

12. Digital filter banks and windows.  Digital filters for spectral analysis purposes.  

13. Design of spectral analysis windows as special cases of digital filter design problems.  

14. Performance measures and specifications for FFT windows.  Resolution and contrast ratio.   Relationships to image processing and image formation.  Error analysis and characterization of errors.  

15. Adaptive digital filters for spectral analysis.  Spatially variant apodization (SVA).  Super spatially variant apodization (SSVA).  Extrapolation and prediction.  Model-based parametric algorithms and non-parametric algorithms for super-resolution.

16. Approximation methods and optimality criteria for achieving filter specifications in practical applications.

17. Digital filter applications.  

18. Advanced digital filter design techniques.  

19. Single exchange algorithms.

20. Multiple exchange algorithms.

21. Generalized multiple exchange algorithms.

22. Lawson’s algorithm and modifications required for filter design applications.

23. Optimality and convergence.

24. Adaptive digital filters.  Widrow-Hoff LMS algorithm.  Adaptive approaches to digital filter design.

25. Practical applications for adaptive digital filters.  Noise cancellation and modems.

26. Implementation issues for digital filters.  Coefficient sensitivity and quantization noise. 

27. Decimation and interpolation of discrete-time signals. 

28. Design of digital filters for multirate systems.

29. Two-dimensional (2D) digital signal processing.

30. Canonic 2D signals.

31. Two-dimensional convolution.

32. Two-dimensional Fourier transforms.

33. Two-dimensional z-transforms.

34. Two-dimensional systems and transfer functions.

35. Two-dimensional digital filters.  Separable and non-separable filters.  

36. Two-dimensional DFT and FFT (2D-DFT and 2D-FFT)

37. Implementation issues for the 2D-FFT.  Memory architecture and twiddle factors.  Modifications of the 2D-FFT.  Subsequence algorithm.

38. Resolution and super-resolution.  

39. Two-dimensional adaptive digital filters.  Two-dimensional spatially variant apodization.  Two-dimensional super spatially variant apodization (2D-SSVA).  

40. Image processing and display.  Gray levels and transformations.  Image processing algorithms.  

41. Image quality metrics.  Image quality analysis.

42. Image compression.  Two-dimensional DCT and FDCT.  JPEG compression.

43. Image formation and image reconstruction.  Projection-slice theorem.  Applications in the fields of medical imaging and radar imaging.  X-ray tomography, magnetic resonance imaging (MRI), and synthetic aperture radar.

Relationships to Program Outcomes

This course supports the achievement of the following outcomes:

a)
Ability to apply knowledge of advanced principles to the analysis of electrical and computer engineering problems.  

b)
Ability to apply knowledge of advanced techniques to the design of electrical and computer engineering systems.

c)
Ability to apply the appropriate industry practices, emerging technologies, state-of-the-art design techniques, software tools, and research methods for solving electrical and computer engineering problems.

d)
Ability to use the appropriate state-of-the-art engineering references and resources, including IEEE research journals and industry publications, needed to find the best solutions to electrical and computer engineering problems.

e)
Ability to communicate clearly and use the appropriate medium, including written, oral, and electronic methods.

f)
Ability to maintain life-long learning and continue to be motivated to learn new subjects.

g)
Ability to learn new subjects that are required to solve problems in industry without being dependent on a classroom environment.

h)
Ability to be competitive in the engineering job market or be admitted to an excellent Ph.D. program.
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