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Intended audience: The tutorial is intended for researchers, engineers, and graduate
students interested in the state estimation, target tracking and navigation, decision making,
and system identification.
Prerequisites: Basic knowledge of probability, statistics, and linear algebra will be helpful.
Description and course material:
Knowledge of a system model is a key prerequisite for many state estimation, signal
processing, fault detection, and optimal control problems. The model is often designed to be
consistent with random behaviour of the system quantities and properties of the
measurements. While the deterministic part of the model often arises from mathematical
modelling based on physical, chemical, or biological laws governing the behaviour of the
system, the statistics of the stochastic part are often difficult to find by the modelling and
have to be identified using the measured data. Incorrect description of the noise statistics
may result in a significant worsening of estimation, signal processing, detection, or control
quality or even in a failure of the underlying algorithms.
The tutorial introduces a more than six decades long history as well as recent advances and
the state-of-the-art of the methods for estimation of the properties (or statistical
description) of the stochastic part of the model with a special emphasis on the state-space
model noise covariance matrices estimation. The tutorial covers all major groups of the
noise statistics estimation methods, including the correlation methods, maximum likelihood
methods, covariance matching methods, and the Bayesian methods. The methods are
introduced in the unified framework highlighting their basic ideas, key properties, and
assumptions. Algorithms of individual methods will be described and analysed to provide a
basic understanding of their nature and similarities. Performance of the methods will also be
compared using a numerical illustration.
The attendees will be provided with course notes and sample implementations of the
selected methods.
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