DOCTORAL STUDIES COURSE UNIT DESCRIPTION

Name of subject Scientific Field Faculty Center/Institute/
Department
Image and Data Analysis | Physics N 002 Faculty of Physics Institute of
(8 ECTS credits) Theoretical
Physics and
Astronomy
Student’s workload Hours Student’s workload Hours
Lectures 10 Consultations 15
Individual study 160 Seminars 15

Course annotation

Artificial neural networks and their application for image and data analysis. Python
programming language. Working with image and data analysis libraries and their practical
application. Automation of experimental data processing.

Types and formats of digital images, multidimensional images. Intensity scale, contrast, color
representation. Detector types, imaging and flat-fielding. Interactive and automatic image
analysis. Arithmetic and geometric image transformations. Object detection, recognition, and
classification. Geometric and photometric measurements. Photon noise-limited measurements.
Point spread function. Image enhancement techniques. Removal of noise, distortions, and
defects. Deconvolution. Spatial and frequency filters. Fourier decomposition. Wavelet
transforms. Multi-scale image analysis.

Measurement uncertainties and their sources. Discrete and continuous random variables.
Probability density distributions, random number generation. Data samples and statistical
hypothesis tests. Sample completeness and confidence limits. Linear and non-linear methods of
least squares. Levenberg-Marquardt algorithm. Genetic algorithm. MCMC methods with fixed
and variable number of free parameters. Optimization of model parameters and their confidence
limits. Bayesian inference. Outlier detection. Covariance and correlation. Data filtering. Cluster
analysis. Detection of regularities in multi-parametric data.
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