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Accomplishments up Through
Current Year

State of the Art

ε=50

•Miller [2], [3] studied the orthogonal communication channels
between two arbitrary volumes in free space radiating a scalar
waves and, in a later generalization, [4] for volumes radiating
electromagnetic waves.

2. In [10] we proposed a new non-iterative analytical alternative to the iterative numerical
solution of the target scattering strength estimation proposed in [8].
3. In [11] we describe an alternative signal subspace method which is based on search in
high-dimensional parameter space and which is found to outperform the time-reversal
approach in number of localizable targets and in estimation variance.

•The scalar version of Miller’s work was later extended by Hanlen
and Fu [5] to include the effect of scatterers in the propagation path.

Singular Value
Decomposition

•Gustafsson and Nordebo [6] analyzed the fundamental limitations
in the capacity of an arbitrary electromagnetic antenna under
Rayleigh fading channel and white Gaussian noise taking into
account antenna theory and broadband matching.
•Poon et al. [7] derived expressions for the NDF of a communication
system with different array geometries and with a channel model
based on measurements in urban and indoor environments.

Since January 2005 we have been working on several fundamental problems in remote
sensing that have resulted in publications in peer review journals:
1. In [8] we reformulated and extended the treatment of time-reversal imaging of multiply
scattering developed in [9] to the estimation of the target scattering strengths using the
Foldy-Lax multiple scattering model.

P=200

4. This theory has been generalized to extended target and it is currently under review for
publication at the IEEE Transactions on Image Processing.

Opportunities for Technology
Transfer

Define:

1. While we emphasize the transmit mode information capacity in this work, due to reciprocity,
the results also apply as fundamental bounds for the (receive mode) information capacity of
a remote sensing system.
2. A few of the concepts used in this work, like mutual information and degrees of freedom,
have been applied before in very specific sensing systems like ground-based telescopes [12]
and synthetic aperture radars [13].
3. We are interested in developing a systematic methodology for determining the fundamental
limitations of general remote sensing systems operating at given constraints.

Challenges and Significance
•In this work we present the initial steps in using Shannon’s
information theory to characterize the fundamental limits in the
information transfer of a source of a given size under physically
meaningful constraints.
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•In addition to the obvious applications in communication systems,
the information theoretical concept used in this work are important in
other applications like remote sensing where, for instances, we can
characterize the performance of imaging systems in terms of the
amount of information about the object contained in the image rather
on how much the image resembles the object.

Space-time Information

•Important challenges include the consideration of specific systems
as well as appropriate constraints.

Technical Approach

L2 norm and radiated power constraint:
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Space information
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L2 norm and radiated power constraint:
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