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" BRIEF OUTLINE OF RESEARCH FINDINGS

During the preceding six months our work has focussed on the design of
two—-dimensional digital filters and on algorithms for deconvolution.

One research effort in filter design has been concerned with the
application of a spectral factorization algorithm based upon the 2D-complex
cepstrum to the factorization of two-dimensional magnitude squared functions
obtained by McClellan transformations of one-dimensional magnitude squared
functions.

Another approach to the design of 2D recursive digital filters involves
the use of the 2D-complex cepstrum to obtain separable approximations to
" arbitrary filter characteristics. Separable filters are considerably easier
to implement than non-separable ones. An algorithm has been developed and
is being evaluated. This work is being dome in collaboration with E. W.
Kamen and A. M. Bush (also under ARO sponsorship).

Another area of concentration has been the investigation of algorithms
for deconvolution. In particular, we have been concerned with signals that
can be modelled as a sum of overlapping positive wavelets. Nonlinear modi-
fications of a recently proposed linear iterative algorithm due to Prost and
Goutte have produced extremely interesting results. Investigation of the
properties of this class of algoritims is continuing. Applications to image
enhancement appear to be promising.
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July 15, 1977

Mr. Richard 0. Ulsh, Chief
Information Processing Office
U. S. Army Research Office
P. C. Box 12211, N. C. 27709

Dear Mr. Ulsh:

Enclosed is the semi-annual report for the half year ending June 30
for CGrant Number DAAG29-76-G-0226. If we can provide further informatilon,
please contact us.

Thank you for your support of our work.
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Assistant Professor

Ronald W. Schafer P
Professor
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BRIEF OUTLINE OF RESEARCH FINDINGS

Research in the preceding six months has focused on efficilent
- methods for design and implementation of two-dimensional digital
filters and on algorithms for deconvolution.

Work has continued on the design of two-dimensional digital
filters to approximate a given magnitude-squared frequency respomse
function obtained by McClellan transformation of a one-dimensional
nagnitude~squared function. Such filters lead naturally to a very
efflcient and modular implementation. The design method 1s fast, and
by performing an approximate factorization using homomorphic methods,
the stability of the filter can be assured, Currently under investi-
gation are a number of computational problems associated with the
homomorphic method of spectrum factorization.

Another area of investigation has been concerned with a new
-method of obtaining digital filters that have response functions that
are separable in a very general sense., The design method uses the
two~dimensional complex cepstrum to facilitate the factorization of the
frequency response of the filter into a product of factors, each of
which can be viewed as a function of a single frequency variable. Such
filters are particularly simple to implement, although considerably
more computation is generally required.

Deconvolution is required in many situations where a desired sig-
ral 1s degraded or blurred by a linear filtering process. A variety
of methods already exist. Major limitations of these methods are in
resolving power and computational speed. Our work has focused primarily
on iterative techniques that apply particularly to signals of limited
extent and positive amplitude. Novel modifications to a well knovn
class of iterative schemes have greatly improved the resolution and

computational speed. The new algorithm has been tested on one-dimen-
sicnal (gamma spectrum) data with very promising results. Current work

is concerned with the comparison of the perfomance of the new algorithm
to the performance of other methods. Future work will concern the
application”of the fiethod to twvo-dimenslonal data. - iy S
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Publications

D. B, Harris and R. M. Mersereau, "A comparison of algorithms
for minimax design of two-dimensional linear phase digital filters,"

accepted for publication in IEEE Trans. on Acoustics, Speech, and
Signal Processing, 1977.

R. M. Mersereau, "Homomorphic processing of signals," to appear
as. a chapter in a book, Digital Signal Processing, J. K. Aggarwal,
editor, to be published by Western Periodicals, 1977.

D. B, Harris and R. M. Mersereau, "A comparison of iterative
methods for optimal two-dimensional filter design," 1977 Inter-—
national Conference on Acoustics, Speech and Signal Processing,
Hartford, CT, May 1977, '

E. W. Kamen and R. M. Mersereau, "Exact and apprcximafe decom—-
posabllity of two-dimensional transfer functlons," paper to be

given to 20th Mildwest Symposium on Circuits and Systems, Lubbock,
Texas, August 1977.
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FINAL REPORT
Contract No.: DAAG29-76-G-0226
Title: "Two-Dimensional Digital Signal Processing"

Principal Investigator: R. M. Mersereau and R. W. Schafer

During the past eighteen months research has.proceeded on several.
research problems related to the development of two dimensional signal
processing algorithms, leading to several publishable results. The
specific problem areas in which results were obtained include: the
design of equiripple two-dimensional FIR digital filters, two—-dimen-—
sional homomorphic systems (which involved the publication of a tutor-
ial paper), the design of decomposable recursive 2-D digital filters,
the development of an efficient stability test and stabilization pro-
cedure for two-dimensional transfer Eunctions, the development of a};
gorithms for the deconvolution of one and two-dimensional waveforms,
and the development of efficient algorithms for processing two-dimen-

sional waveforms sampled on a hexagonal raster.
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