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Over the years, remote sensing technologies have received much attention because of their excellent
properties and unique capabilities for detection and localization, which can be exploited for many
disciplines including acoustics, communications, medical and industrial areas. In general, they refer
to the use of antenna technologies to detect and classify objects (both on the surface and internal
characteristic) by means of propagated signals (e.g. electromagnetic radiation emitted from antennas).
Hence, remote sensing technologies have no choice but to go through inevitable challenges such as
meteorological phenomena, attenuation inside lossy materials and intervening media.

In wireless communication systems, reflection, diffraction, and scattering are the three fundamental
propagation mechanisms which impact propagation. From these effects, the radio signal emitted from
a transmitting antenna reaches through two or more paths receiving antenna, even when a line-of-sight
(LOS) path exists. These waves, called multipath waves, cause constructive and destructive interfer-
ence and phase shifting of the signal. In digital communications (such as global system for mobile
communications (GSM), code division multiple access (CDMA) and long term evolution (LTE)), mul-
tipath waves can cause intersymbol interference (ISI) which yields errors in the decision device at the
receiver output. For these reasons, in traditional radio propagation, multipath components impede the
communication quality by causing errors. On the contrary, the recent findings based on multiple-input
multiple-output (MIMO) antenna systems have created that multipath contributions can be exploited
to improve the capacity of a two-way communication system. That is, the wireless channel can be
decomposed into a set of independent paths (subchannels) between the transmitter and the receiver.

In remote sensing technologies, multipath components can make ghost scatterers, thus they cause
focusing errors and affect the quality of remote sensing. The time-reversal (TR) technique, on the
other hand, inversely exploits multipath contributions occurring in the intervening media to improve
the imaging performance with a MIMO system. As the name suggests, the TR technique is an imaging
method utilizing the time reversal theory which is based on the fact that most physical laws of nature
are invariant, Although it may seem counterintuitive, the TR technique virtually expands the antenna
aperture length; therefore it provides a vastly superior focusing region than the classical diffraction
limitation. In the TR process, a pulse is first transmitted from one (or more) of the transceivers.
The transmitted signal propagates through the scattering medium including channel impacts and is
recorded at each transceiver. After that, these recorded signals are time-reversed and retransmitted
back into the same medium. Then, the retransmitted signals experience the same reflection, diffraction
and multiple scattering that they have undergone in the forward propagation, which results in energy
focusing around the initial source.

Among the developed TR methodologies, the time-reversal multiple signal classification (TR-MUSIC)
technique yields super resolution for detection and localization in single-frequency as well as ultraw-
ideband (UWB) signals by utilizing the noise subspace of the time reversal operator (TRO), which is
orthogonal to the signal subspace. Although TR-MUSIC imaging provides a superior resolution per-
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formance, it requires certain essential factors such as sufficient sets of frequency-domain data (snap-
shots) and the assumption of scattering configuration. These provide the main motivation of this work.
After giving the background and motivation of the dissertation in Chapter 1, an overview of time re-
versal which explores the invariance of the wave equation for remote sensing is presented in Chapter
2. Especially, the mathematical development and numerical simulations of the time-reversal approach
with MUSIC in the distorted wave Born approximation have been investigated and shown. In com-
parison with the conventional imaging methodology including the decomposition of the time reversal
operator method (DORT method), TR-MUSIC imaging provides a superior resolution performance for
detection and localization utilizing multistatic data collected from an array antenna system. Basically,
any TR-MUSIC technique assumes that an essential prerequisite of providing more antenna elements
than scatterers. Moreover, it needs many snapshots in seriously noisy environments.

To overcome the above obstacles, one-dimensjonal preprocessing for TR-MUSIC imaging with the
time-domain gating technique is proposed and developed with Fourier transform in Chapter 3. Instead
of utilizing the conventional data, the developed approach employs a modified multistatic data matrix
(MDM) obtained from the one-dimensional preprocessing. Because the modified data has not only
much less noise components but also consists of fewer scatterer responses than the number of the
transceivers, the resulting imaging function yields more reliable images with only a few frequency-
domain data regardless of the limitation of the antenna arrays in both a uniform linear array and a
uniform circular array.

Although TR-MUSIC imaging obtained from the one-dimensional preprocessing increases SNR, it
only employs a center frequency data because the modified frequency-domain data has a distortion
around both edge regions with the finite frequency bandwidth. By utilizing and combining relatively
stable frequency-domain responses from the time-domain gated technique, the selective TR-MUSIC
yields distinctive features such as super resolution and statistical stability. The detail considerations
are stated in Chapter 4.

Chapter 5 develops the preprocessing theory for TR-MUSIC imaging from the one-dimensional gating
to a two-dimensional one. If there are many scatterers in the time-domain gated region, the resulting
image tends to cause focusing errors with deformed results. Combination of TR-MUSIC imaging, and
the sequential and multiple angle-and-time-domain gating processes can overcome the above problem
and advance the imaging results by extracting desired scatterer response(s) with the Fourier transform
and spatial Fourier transform processing in both the time- and angle-domains complementarily. Un-
fortunately, the developed and extended TR-MUSIC process based on one- or two-dimensional gating
assumes the configuration limitations.

To compensate these conditions, Chapter 6 shows an iterative two-dimensional preprocessing for TR-
MUSIC imaging with the time- and angle-domain gating technique. By iteratively and selectively
rearrange the data matrix, we have the performance improvement in the same restricted environment
because we can exploit each domain’s strength.

Finally, Chapter 7 concludes the dissertation and discusses future work.
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