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Overview
The course provides an introduction to signal and image processing dealing with various topics from the sampling theorem and basic definitions up to data compression and hyperspectral image analysis. MATLAB and Python are used throughout the course as a teaching tool to simulate and demonstrate basic concepts and methods, but the same general principles and algorithms can be also implemented with other computer languages when necessary. Teaching is given in such a way that learners from diverse educational backgrounds should be able to follow it without prior knowledge of rather complicated mathematics typical to the digital signal processing theory. Required mathematical skills are learned during the course. Laboratory demonstrations related to analog signal processing.
Learning outcomes
On successful completion of this course, students should have the skills and knowledge to:

· Understand the basic concepts and principles of digital signal and image processing.
· Have skills for elementary signal and image analysis.
Content
· (topic 1) Digital signal representation: periodic sampling, aliasing effect, analog-to-digital and digital-to-analog conversions, binary numbers
· (topic 2) Statistics, probability and noise: noise models, signal-to-noise ratio, cross-correlation
· (topic 3) Signals and systems: basic discrete-time signals, energy and power of a signal, examples of discrete-time systems, system properties and definitions, linear systems
· (topic 4) Convolution: signal decompositions, impulse response and convolution, properties of convolution
· (topic 5) Fourier transform: Fourier series, continuous-time Fourier transform, discrete-time Fourier transform, discrete Fourier transform, fast Fourier transform, properties of Fourier transform, power spectrum
· (topic 6) Digital filters: median filter, general properties of digital filters, step response, frequency response, time and frequency domain analysis, frequency filters
· (topic 7) Z-transform: properties of z-transform, transfer function, recursive filters
· (topic 8) Image processing: color information: digital image representation: gray-scale images, binary images and color images, Color spaces: RGB, HSV, HIS, CMYK, YCbCr, sRGB, brightness/hue/contrast/saturation adjustment through histogram processing, accurate color reproduction
· (topic 9) Image processing: spatial information: image segmentation, edge-detection, k-means clustering, spatial filters, image restoration, discrete cosine transform, image compression (JPEG)
· (topic 10) Spectral data analysis: principal component analysis, average learning subspace method, spectral data compression and classification, examples of hyperspectral image analysis
· Laboratory demonstrations: examples of analog signal processing
Teaching methods
· Lectures: 32 hours
· Demonstrations and exercises: 16 hours
Study materials	
· Lecure notes
· Digital Signal Processing: A Practical Guide for Engineers and Scientists, Steven W. Smith, Newnes, 2003.
· Digital Signal and Image Processing Using MATLAB, Volume 1, Fundamentals, 2nd Ed, Gérard Blanchet, Maurice Charbit, ISTE 2014.
· Digital Image Processing Using MATLAB, 2nd Ed, Rafael C. Gonzalez, Richard E. Woods, Steven L. Eddins, Gatesmark cop., 2009.
Assumed Knowledge
· Basic calculus
· Entry-level experience in either MATLAB or Python 
Evaluation criteria
· Written exam 100%

