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Abstract: Bayesian signal processing is a novel area migrated from statistical sampling theory
enabling the solution of problems in which the posterior distribution is multimodal (many peaks) as
compared to the usual single mode solutions (Gaussian distributions). Prior to the development of
high speed/high throughput computers, Bayesian sampling techniques were considered much too
computationally intense to warrant application for many complex, nonlinear, multimodal problems.
The usual approach of numerical integration taxed the computational power of even the so-called
supercomputers. Alternatives applying Monte Carlo methods certainly reduced much of the
computational burden, but still were unwieldy until high speed/high throughput computer evolved
enabling a reasonable solution. Finally, the introduction of sequential Bayesian processors
rediscovered in the early 1990’s has had a huge impact in signal processing enabling the solution of
highly complex problems. Such techniques as iterative Monte Carlo sampling theory with the well-
known Metropolis-Hasting and Gibbs sampler and its derivative began to evolve in the signal
processing literature along with the sequential Bayesian approaches enabling an alternative to the
iterative methods and offering a potentially timely solution. In this lecture, we concentrate on
sequential Bayesian model-based processors and discuss a variety of the basic structures that are
available in the literature. These processors are termed particle filters which are essentially a discrete
representation of the posterior probability distribution. More properly, a particle filter is essentially a
sequential Monte Carlo technique capable of solving nonlinear, multimodal problems by estimating
the posterior probability distribution enabling the extraction of a wide variety of signal estimators
(conditional mean, maximum a-posteriori, etc.) from noisy measurement data. We show how these
powerful processors can incorporate the underlying physics, measurement instrumentation and
noise into a model-based signal processing scheme to extract the desired information from the data.
Thus, we develop the particle filter within the “model-based” framework to provide the Bayesian
model-based solution applicable to a large variety of applications.
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