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Abstract

This work presents a thorough analysis of reconstruction of global wave fields (gov-
erned by the inhomogeneous wave equation and the Maxwell vector wave equation)
from sensor time series data of the wave field. Three major problems are considered.
First, an analysis of circumstances under which wave fields can be fully reconstructed
from a network of fixed-location sensors is presented. It is proven that, in many
cases, wave fields can be fully reconstructed from a single sensor, but that such re-
constructions can be sensitive to small perturbations in sensor placement. Generally,
multiple sensors are necessary. The next problem that is considered is how to ob-
tain a global approximation of an electromagnetic wave field in the presence of an
amplifying noisy current density from sensor time series data. This type of noise,
described by a cylindrical Wiener process, creates a nonequilibrium system, derived
from Maxwell’s equations, where variance increases with time. In this noisy system,
longer observation times do not generally provide more accurate estimates of the
field coefficients. The mean squared error of the estimates can be decomposed into
a sum of the squared bias and the variance. As the observation time t increases,
the bias decreases as O(1/1) but the variance increases as O(t ). The contrasting
time scales imply the existence of an “optimal” observing time (the bias-variance
tradeoff). An iterative algorithm is presented to construct global approximations
of the electric field using the optimal observing times. Lastly, the effect of sensor
acceleration is considered. When the sensor location is fixed, measurements of wave
fields composed of plane waves are almost periodic (characterized by a countable set
of frequencies) and so can be written in terms of a standard Fourier basis. When
the sensor is accelerating, the resulting time series is no longer almost periodic. This
phenomenon is related to the Doppler effect, where a time transformation must be
performed to obtain the frequency and amplitude information from the time series
data. To obtain frequency and amplitude information from accelerating sensor time
series data in a general inhomogeneous medium, a randomized algorithm is presented.
The algorithm is analyzed and example wave field reconstructions are presented to

show the effectiveness of the algorithm.
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