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ABSTRACT

The work provided in this thesis focuses on the development of an at-range tech-
nique to identify optimal resonant frequencies of complex electronic devices. Prior to
this work, the technique had shown promise at effectively measuring electrical resonant
frequencies in a laboratory environment. In addition to improving the process, the fea-
sibility of the technique in a real-time noisy environment is evaluated to determine its
effectiveness in specific real-world applications.

The technique under examination is a type of excitation and measurement method
where radiated electromagnetic waves are emitted via an antenna and then couples to the
target device. The device reemits the coupled energy as electromagnetic backscatter at the
device’s resonance frequency which is measured. The interrogation signal used to cou-
ple to the device is derived from a predetermined bandwidth with a constant amplitude
over said bandwidth to provide equal distribution of spectral density across the desired
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frequency spectrum. Initial measurements of this backscatter typically return seemingly
arbitrary spectral content so to effectively hone into the dominant resonant frequencies
the process is iterated multiple times. For every iteration the backscattered signal is time
reversed which leads to power convergence on the incident target. Over multiple itera-
tions the primary resonant frequencies become much more apparent due to the repetitive
concentration of energy onto the specific frequency.

This iterative signal processing system was built and continuously improved to in-
crease the capabilities of the process. Equipment was upgraded to allow for resonances to
be measured at further distances and to allow for improved spectral bandwidth coverage.
The system went through a verification test, measuring the resonance of a known wire act-
ing as a dipole antenna to ensure accuracy. To evaluate the feasibility of the technique, the
electrical resonance of a specific complex electronic device was identified multiple times
considering many factors including orientation of the device, power status and range. In
addition, the relationship between effective distance to the target device and initial emitted
power was characterized. Finally, the technique was repeated in multiple environments
with varying levels of noise and obstacles to explore the techniques robustness.

The work described in this thesis advances the understanding of dominant resonant
frequencies for electronically complex devices. Whether or not the remote resonance
measuring system has the potential to be viable in a real time practical environment is

assessed.
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The remainder of this thesis will be submitted

to the Defense Technical Information Center (DTIC)

Please contact Dr.Travis Fields at fieldstd @umkc.edu

for more information related to the content of this thesis
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