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BRIEF OUTLINE OF RESEARCH FINDINGS
A new concept of decomposability has been developed for two-
dimensional digital filters. A system is said to be decomposable into

one-dimensional components if it has a transfer function of the form

A(zl,zz)

H(z.z,) = M. Ny
2 (zlzz)

T3 ’
310(21)301(z2)311(zlz2 cess Bij(zlzZ) seee BMN

where A(zl,zz)land Bij(zizg) are polynomials in the complex variables Zy
and Zg- Such decémpositions are of interest because the denominator

. factors can be treated as one-dimensional functions of the variable Zgs =
zizg . Note that the class of separable two-dimensional digital filters
is a special case. Techniques for determining the existence of low-order
decompesable approximations have been developed, and it has been shown
that in general, good decomposable approximations require rather high
order system functions, “

.The study of two-dimensional signal processing system functions of
the separable and the decomposable class have begun on an experimental
basis by examination of the magnitude response function in perspective
plots generated on the digital signal processing facility for a variety of
system parémeters; Thésé ploté.should prove ﬁséful in devélépiﬂg ééme
deepér insights into the types of system magnitude funcfions one may hope
to represent efficiently with those structures,

A search for efficient approximation procedures utilizing decompo-
sable sections as basic structures continues and will be implemented as

developed,
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A second approach to fhe representation of two-dimensional digital
filters is based upon polynomials and formal power series in one variable
with coefficients in an infinite dimensional vector space (e.g. a Hilbert
space). A major new observation that has already been obtained in this
extremely general framework is that a 2-D digital filter defined over the
field of real numbers can be treated as a 1-D digital filter defined over
an infinite~dimensional vector space. This obsefvation is of central
importance, for it makes it possible to apply the rich theory of 1-D
techniques in an infinite-dimensional vector space to the study of 2-D
digital filters. Results have been obtained on the construction of such

representations in an exact or least-squares sense.
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BRIEF OUTLINE OF RESEARCH FINDINGS

The work has centered on the study of systems that can
be represented by two~dimensional transfer functions. Such
systems include one-dimensional externally-bilinear systems
and two-dimensional linear digital filters. New results have
been obtained on the representation and realization of these
systems., 1In particular, a canonical realization having mini-
mal order has been constructed for externally-bilinear systems.,
This appears to be the first solution to the minimal-realization
problem in the bilinear case., Furthermore, the canonical form
carries over to a class of two-~dimensional digital filters,
yielding highly efficient designs.

Results have also been obtained on the problem of
constructing approximate realizations of two-dimensional
sequences, Approximation procedures have been developed that
employ one-dimensional techniques (such as the Burrus-Parks
method) row-by-row, column-by-column, and diagonal-by-diagonal,
The performance of these procedures is now under study.

Work has also begun on the application of the theory to
the problem of modelling one-dimensional and two-dimensional
nonstationary random processes., The idea is to utilize linear
and bilinear operations in the computation of autocorrelation
functions, which hopefully will lead to fast algorithms for the
computation of model parameters., Part of this work is based
on the recent observation (made by T. P. Barnwell) that windowing
operations can be implemented using bilinear processors.
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FINAL REPORT
Contract No.: DAAG29-76-G-0346

Title: "Nonlinear Systems and Multidimensional Digital
Signal Processing"

Principal Investigator: E. W. Kamen and A. M. Bush

The research has cenﬁered on the study of, and the relationship
between, two-dimensional linear digital filters and one-dimensional
externally-bilinear systems. Many new results have been obtained in
the areas of representation and realization theory. 1In particular, a
canonical realization having minimal order has been constructed for
externally-bilinear systems. This is the first, and so far the only,
solution to the minimal-realization problem in the bilinear case.
Furthermore, the canonical form carries ovef &o a class of two-dimen-
sicnal digital filters, yielding higﬁiy efficient designs. Addit%gégl
results include algebraic criteria for exact realizability and proce-

dures for the construction of approximate realizations.
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