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Abstract

Acquiring reliable flow velocity and discharge estimates is critical in aquatic and water
management studies. Acoustic Tomography is a Cutting-edge River monitoring technology that has been
developed innovatively for continuous monitoring of surface water currents in oceans, seas, and, in
recent years, rivers. It is a promising method to measure flow characteristics such as velocity and
discharge precisely and continuously in time. Unlike classic point/transect flow velocity measurements,
the acoustic tomography system can measure depth-averaged and range-averaged flow velocity along
the ray path in a fraction of a second. The FAT system's backbone concept is the "'time-of-travel™
principle, which is analogous to acoustic velocity meters to some extent. The reciprocal sound
transmission between two acoustic stations that are deployed diagonally on both sides of the river occurs
in this system, and the cross-sectional averaged velocity is measured using the travel time of the
transmitted signals between the two stations.
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The FAT system velocity data, similar to all acoustic instruments measurements, contains outliers
that were previously cleaned using the simple standard deviation (STD) method. The problem of this
method is that it not only fails to replace identified spikes with the appropriate values, resulting in signal
discontinuity, but it also employs engineering judgement in its process, increasing the method's error.

The Phase-Space Thresholding (PST) method, which was developed for despiking output of Acoustic
Doppler Velocimeter (ADV) data, is proposed in this study to implement on the FAT system output and
to detect its spikes. This method combines three concepts: 1) Differentiation enhances a signal's high-
frequency portion, 2) the universal threshold parameter gives the expected maximum of a normal,
random series, and 3) good data cluster in a dense cloud in phase space. These concepts are employed to
construct an ellipsoid in three-dimensional phase space, and points that are outside the threshold
ellipsoid are designated as spikes. An important advantage of this method in comparison with various
other methods is that it requires no parameters tuning. Another advantage of this method over the
standard deviation method is that identified spikes are replaced with a reliable result. We used the mean
value of two adjacent data points on either side of the identified spike to replace the values of the
detected spike.

The data used in this research included a 12-day dataset collected from the Gono River in Miyoshi
City, Hiroshima Prefecture, Japan. After 6 iterations of applying the PST approach to the input dataset,
a total of 8017 data were detected as spikes and replaced with the proper value, accounting for 32% of
the 25031 data. Furthermore, before despiking, the standard deviation was 0/206, but improved to 0/119
after employing the PST technique. The decrease in standard deviation implies that as a result of
despiking process, the data dispersion around the signal mean has decreased. According to the results
the PST method is more accurate in despiking FAT system data compared to the standard deviation
method.

Finally, it was discovered that the relative discharge error between the output of the PST method and
the rating curve data (as a reference) is less than 20%, but this value surpasses 50% for the standard
deviation and rating curve method data.
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