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ABSTRACT

Levees and embankments are important infrastructure for protecting industrial,
commercial, residential, and agricultural regions from flooding. As global temperatures
increase due to climate change, flooding is expected to become more severe in the
future. As flooding occurs more often with higher levels and streamflow, levee
structures face a greater risk from events exceeding prior design expectations. Existing
monitoring technologies either focus on discrete or continuous measurements with
complicated installation, which is a challenge in large-scale implementation. Therefore,
it is of interest to develop a levee monitoring system to effectively implement on a large
scale for assessing and maintaining the levee condition under extreme events.

This presentation includes preliminary research on a novel embeddable passive
radio frequency (RF) sensing system and its applicability in levee monitoring
applications. Previous studies have demonstrated the sensing system’s ability to
detect changes in displacement and water content. This study focuses on
implementation challenges, particularly the use of a distant exciter to power passive
RF sensors. The exciter is expected to be carried by unmanned aerial vehicles
(UAV), positioned a few meters from the levee surface. Controlled laboratory
experiments are conducted to analyze the exciter’s effects. The main challenge of
this research includes replicating the potential trajectory of the exciter and identifying
the influence of the exciter’s position on the system performance.

The results demonstrate the impact of the exciter’s position on the collected
data. These findings demonstrate the feasibility of the RF sensing system for levee
monitoring while addressing the challenges associated with UAV-mounted exciters.
By further investigating and addressing these challenges, the system can be made a
step closer to real-world implementations.

INTRODUCTION

Levees, embankments, and dam-like structures are essential and critical
infrastructures to protect human life and property from flooding. As the intensity of
rainstorms, storm surges, and sea-level rise increases, the number, frequency,
streamflow, and elevation of flooding are forecasted to increase [1], [2], [3], [4]. Asa
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result, levees and embankments are exposed to greater risk due to extreme events
which may introduce loading condition that exceeds design criteria. Meanwhile, the
lack of maintenance and intentionally improper construction of the structure can lead
to catastrophic failures. For example, levees in Pajaro, CA, were breached, leading to
$450 million agricultural loss in 2023 due to the lack of repair [5]. Recently, the
ASCE report card states that the grading evaluation of levees is D+ [6]. Structural
health monitoring (SHM) can aid in detecting early deterioration, damage, and
seepage of levees at an early stage, which reduces financial costs and improves safety,
sustainability, and resilience.

SHM in levees faced a challenge with the capability of multi-parameter large-
scale monitoring. The majority of levee failure mechanisms are based on deformation
or water content. Most applications require the installation of multiple sensing systems
to monitor multiple structural parameters [7], [8]. Few monitoring techniques can
monitor multiple structural parameters. For example, fiber-optic monitoring systems
can monitor the strain and temperature of the structures [9], [10], [11]. However, the
installation and maintenance of such systems throughout the large volume of the
structure is nearly impossible. Current techniques are incapable of extracting three-
dimensional multi-parametric information throughout the volumes of structural
material. Therefore, it is essential to develop a levee monitoring system with the
capability of multi-parameter sensing to effectively extract spatial information for
assessing and maintaining the levee condition under extreme events. Radio frequency
(RF) based sensing systems can be the potential solution to the objective above.

Recent studies show that backscatter-based RF sensing systems are potentially
feasible for pavement monitoring [12], [13]. Pavement structure and levee structure
are both large-volume structures. Meanwhile, the backscatter-based RF system is
capable of monitoring displacement and water content simultaneously. However, the
effect of mobile exciter is unknown. This study aims to investigate the effect of mobile
exciter.

Effect of Mobile Exciter

As shown in Figure 1, in the implementation scenarios, the exciter will be
carried by unmanned aerial vehicles (UAV), and the UAV will be programmed with
specific trajectories to activate all the sensors in the structure. The RF sensors will be
embedded inside the levee structure. However, the effects of trajectories on the
sensing system have not been studied yet. Therefore, the experiment has to be
conducted to investigate how the collected signal changes as the exciter is moved on
particular trajectories.
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Figure 1 Conceptual Implementation of Backscatter based RF Sensing System in
Levee Monitoring

Method

The experiment was performed to determine how the phase shift between the
sensors changes as the exciter moves along a particular trajectory. As shown in Figure
2, a pair of two RF sensors was used, and each was encased inside a dry concrete
block. Those blocks were placed 60 cm apart inside a Plexiglas box. Dry sand was
filled between the blocks to emulate the scenario of sensors being embedded inside the
levee. An exciter, which was operated at 915 MHz, was attached to a rail that was
above the Plexiglas box to power the sensors inside the blocks. The direction of the
rail was aligned with the length of the Plexiglas box, such that the exciter was moved
along the length of the Plexiglas box. The position of the exciter was initially placed 5
cm behind the left block and was displaced 10 cm at each step with 3 minutes of data
collection at a sampling rate of 3 seconds. The total displacement of the exciter was 70
cm, which was positioned 5 cm behind the right block.
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Figure 2 Experimental Setup for the Effect of Mobile Exciter

Discussion



The result of the experiment was shown in Figure 3. The boxplot represented the
stability of the collected phase at each displacement. The median value of each
boxplot was shown and used to calculate the average of all median values. The red
line represented the average of the median values, which was 19.3°. The correlation
coefficient between phases and changing displacement of exciter was -0.07, based on
a total of 364 samples. By setting the null hypothesis as no linear correlation between
phase and changing displacement of the exciter and the alternative hypothesis as the
linear correlation exists, the p-value is 0.16, which indicates a failure to reject the null
hypothesis. Therefore, there is no significant linear correlation between phase and
changing displacement. However, the phase was changed when the exciter was
displaced. In the implementation scenarios, the trajectory of the UAV should be set up

with stationary locations for data collection of the scanned sensors.
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Figure 3 Experimental Result of the Effect of Mobile Exciter
Conclusion

This study investigates the effects of mobile exciter on the phase shift between
sensors. The experimental result demonstrates that the phase shift will change as the
exciter’s location changes. However, the location of the exciter and the phase shift
between sensors have no linear correlation. For the implementation of exciter, the
UAV’s trajectory should be set with several stationary locations for data collection to
avoid the effect of the exciter on the collected phase shift.
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