
Preface

This expanded reprint volume is the first book devoted to
the new field of intelligent signal processing (ISP). It grew
out of the November 1998 ISP special issue of the IEEE
Proceedings that the two of us coedited. This book contains
new ISP material and a fuller treatment of the articles that
appeared in the ISP special issue.

WHAT IS ISP?

ISP uses learning and other "smart" techniques to extract
as much information as possible from incoming signal and
noise data. It makes few if any assumptions about the
statistical structure of signals and their environment. ISP
seeks to let the data set tell its own story rather than
to impose a story on the data in the form of a simple
mathematical model.

Classical signal processing has largely worked with math-
ematical models that are linear, local, stationary, and
Gaussian. These assumptions stem from the precomputer
age. They have always favored closed-form tractability
over real-world accuracy, and they are no less extreme
because they are so familiar.

But real systems are nonlinear except for a vanishingly
small set of linear systems. Almost all bell-curve probabil-
ity densities have infinite variance and infinite higher order
moments. The set of bell-curve densities itself is a vanishin-
gly small set in the space of all probability densities. Real-
world systems are often highly nonlinear and can depend
on many partially correlated variables. The systems can
have an erratic or impulsive statistical structure that varies
in time in equally erratic ways. Small changes in the signal
or noise structure can lead to qualitative global changes
in how the system filters noise or maintains stability.

ISP has emerged recently in signal processing in much
the same way that intelligent control has emerged from
standard linear control theory. Researchers have guessed
less at equations to model a complex system's throughput
and have instead let so-called "intelligent" or "model-
free" techniques guess more for them.

Adaptive neural networks have been the most popular
black box tools in ISP. Multilayer perceptrons and radial-
basis function networks extend adaptive linear combiners
to the nonlinear domain but require vastly more computa-
tion. Other ISP techniques include fuzzy rule-based sys-
tems, genetic algorithms, and the symbolic expert systems
of artificial intelligence. Both neural and fuzzy systems can
learn with supervised and unsupervised techniques. Both
are (like polynomials) universal function approximators:
They can uniformly approximate any continuous function
on a compact domain, but this may not be practical in many
real-world cases. The property of universal approximation
justifies the term "model free" to describe neural and fuzzy
systems even though equations describe their own
throughput structure. They are one-size-fits-all approxima-
tors that can model any process if they have access to
enough training data.

But ISP tools face new problems when we apply them
to more real-world problems that are nonlinear, nonlocal,
nonstationary, non-Gaussian, and of high dimension. Prac-
tical neural systems may require prohibitive computation
to tune the values of their synaptic weights for large sets
of high-dimensional data. New signal data may require
total retraining or may force the neural network's vast and
unfathomable set of synapses to forget some of the signal
structure it has learned. Blind fuzzy approximators need
a number of if-then rules that grows exponentially with
the dimension of the training data. This volume explores
how the ISP tools can address these problems.
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