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1. Participants

"* Bill Moran (University of Melbourne) and Stephen Howard (DSTO,
Australia) have been involved in the area of electronic surveillance and radar for
the past ten years. Within the Defence Science and Technology Organisation Dr.
Howard has led the research effort into the development of algorithms in all areas
of electronic surveillance, including radar pulse train deinterleaving, precision
radar parameter estimation and tracking, estimation of radar intra-pulse
modulation and advanced geolocation techniques. Since 2003, he has led the
DSTO long range research program in radar resource management and waveform
design. In collaboration with Dr. Moran, he has provided rigorous methods for the
design of libraries of waveforms, or more generally libraries of radar modalities,
for detection, identification and tracking application.

"* Robert Calderbank is an expert on methods of limiting the end to end
complexity of signal processing for multiple antenna systems so that it is close to
that of single antenna systems. In collaboration with Dr. Howard and Dr. Moran,
he has provided rigorous methods for the design of libraries of waveforms, or
more generally libraries of radar modalities, for detection, identification and
tracking application. When different waveforms can be transmitted independently
and coherently from different array elements, waveform selection is based on a
generalization of the standard radar ambiguity function that describes the response
of the radar to a point target at a fixed range and Doppler.

2. Activities and Findings:

"* The major research focus was the relationship between new ideas in classical and
quantum error correcting codes and the development of an information theory for
radar.

"* We found that the m-dimensional discrete Heisenberg-Weyl group provides a
unifying framework for a number of important sequences significant in the
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construction of phase coded radar waveforms, in communications as spreading
sequences, and in the theory of error correcting codes [1, 2] . Among the
sequences which can be associated with the Heisenberg-Weyl group are the first
and second order Reed-Muller codes, the Golay or Welti sequences, and the
Kerdock and Preparata codes [7], which are non-linear binary error correcting
codes containing more codewords for a given minimum distance than any linear
code. The Kerdock codes are associated with decomposition of the Heisenberg-
Weyl group into disjoint maximally commutative subgroups [1, 2, 6, and 7]. It is a
surprising fact that a certain general class of Golay sequences exist within the
Kerdock codes. This had had previously been noted by Davis and Jedwab [8].

Golay sequences [3-5, 8] are pairs of sequences of unimodular complex
numbers with the property that the sum of their individual auto-correlation
functions forms delta spike or thumb tack. These sequences have found
application in the construction of radar waveforms and in modulation schemes
for communications.

"* This project led to the creation of a new cross-functional team (Robert
Calderbank, Stephen Howard (DSTO, Australia, and Bill Moran (Melbourne)
spanning the application domain, classical harmonic analysis, algebra and
combinatorics. The capabilities developed by this team as part of this project have
been integrated into a larger multi-institutional response to the task specific
DARPA BAA 05-19.

" The results of this project were shared with the mainstream signal processing
community at ICASSP'05 (Philadelphia) and with the defense signal processing
community at DASP'05 (Homestead, Utah).
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4. Application Value

This project is the starting point for the development of algorithms to significantly
expand existing radar functionality. The appropriate advanced hardware functionality
exists in the NRL Chesapeake Bay Detachment radar, and at other sites in the US and in
Australia. This facility is capable of high levels of temporal and spatial diversity of
waveforms and polarization, and the mode of operation can be rapidly scheduled. This
project supports development of techniques to fully exploit the diversity and flexibility
provided by this advanced functionality through adaptive multidimensional waveform
and polarization scheduling based on environment modeling and tracking, as well as
multi-dimensional adaptive processing of the returns.


