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Course summary 

The course covers modern methods of digital signal processing: random signal processing, 

multidimensional and multirate signal processing, nonlinear processing, as well as the theory of adaptive 

filters. The primary focus is on developing theoretical knowledge and practical skills through practical 

assignments, the presentation of results, and discussion. The obtained knowledge can be applied to the 

analysis of signals from various sources and to solving interdisciplinary problems. 

The course combines independent studies (literature analysis), consultations, and practical assignments. 

The final format of the course is determined individually with student. The course topics may be aligned 

with the student’s doctoral research. 

• Theoretical knowledge is obtained through independent study of the literature and consultation 

with the course lecturers and researchers. 

• Knowledge is reinforced through experimental work in digital signal processing. Students solve 

various problems involving the processing of one-dimensional and two-dimensional signals. 

Course participants are given up to 5 practical assignments covering the main topics of the 

course. The results of these assignments are presented during consultation sessions. 

• Theoretical knowledge is assessed during the exam. 

The content of the course: 

1. MULTIDIMENSIONAL SIGNAL PROCESSING. Multidimensional signals and systems. 

Analysis of multidimensional signals. Filtering of multidimensional signals. Spectral analysis. 

Multidimensional transforms. Multirate signals. 

2. STATISTICAL PROCESSING OF RANDOM SIGNALS. Random variables and processes. 

Random signals. Information theory. Signal entropy. Ergodicity and stationarity of random 

signals. Statistical characteristics and their estimation. Bayesian theory. Statistical signal 

models. Statistical methods for parameter estimation. Parametric and nonparametric analysis of 

random signals. 

3. ADAPTIVE SIGNAL PROCESSING. Mathematical foundations. Optimal linear filtering. 

Adaptive algorithms. Theory of adaptive filters. Tasks of adaptive processing: noise removal, 

system identification, system modeling. 

4. NONLINEAR SIGNAL PROCESSING. Nonlinear effects in signals. Nonlinear signals. 

Nonlinear filters. Nonlinear spectral analysis methods. Nonlinear statistical methods. Volterra 

sequences and models. Chaos theory, Lyapunov exponents. Fractal signal analysis. Phase-based 

signal processing. Deep learning methods for signal processing. Applications of nonlinear 

processing. 

5. OTHER SIGNAL PROCESSING TECHNIQUES. Matrix signal processing: mathematical 

foundations, matrix geometry, signal models, beamforming, direction analysis. Analysis of 

sparse signals: fundamentals of signal sparsification (decimation), signal reconstruction 

methods, sparse filters. 



6. PROCESSING OF SPECIFIC SIGNALS. Speech signal processing: nature and properties of 

signals, signal modeling, coding. Physiological signal processing: examples of heart rate and 

electroencephalogram signals. Noise and its removal from signals. Distortions and signal 

enhancement. 
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