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Studies on Signal Processing for Local Ocean Wave Monitoring System

(B D RFTEER Y 27 LD T- D D5 B-AVFE | Z B4 B HF5E)

K 4 Maricris Cuison Marimon
GEXNEBEDER) ,

Ocean Wave Monitoring is an essential activity that provides valuable data for travel
statuses of maritime transportations, for modeling offshore infrastructures and for
producing wave forecasts. This thesis studies a low cost local wave monitoring system
that is reliable and robust, hence can be an alternative to sophisticated wave monitoring
systems. The system consists of wave sensors that are relatively cheap and ubiquitous,
such as MEMS-enabled devices. These devices are advantageous because they can be
connected to a network that are smartly expanded to monitor the area of interest

This study aims to explore on processing techniques that enables the local wave
monitoring system to (1) detect severe wave conditions; (2) process data from its
multiple sensors; and (3) prdperly‘classify'wave conditions. Since the system considered
for this purpose is an alternative system, there is one major challenge encountered
The wave sensors in the system have certain limitations in processing power, memory and
battery power of the devices, and hence the data collected are short length time series
data. Typically in conventional methods, they require longer time series data for
generating significant wave height and period hence, these methods cannot be utilized
in the alternative system. Due to this, the processing techniques should be able to
address this issue. Also, if this issue is properly addressed, the alternative system
will have an advantage to the conventional systems in the sense that it can acquire and
process short time series data quickly hence immediate publication of wave information
is possible.

For the detection of severe wave conditions, two signal processing techniques
are explored. First technique is the threshold technique that processes instantaneous

data gathered by the sensors. This technique enables the sensors to judge the condition




of its area and preprocess the data before sending relevant information to the central

receiver of the network. This aims to compress the data that is relayed to the network
This seems a straightforward and stringent approach because the threshold levels are
fixed. It is important to note that wave conditions in different areas can vary depending
on the bathymetry of the location even if they are experiencing the same conditions
The threshold level set in one location might not be enough for the other location. In
view of this, the second technique is explored. The second technique uses higher order
statistics to evaluate data segments gathered by sensors. The sensors are allowed to
gather data first on the specific location on a relatively calm day to have a base data
and then, the statistical parameters are generated. These values are location specific
and are the bases of comparison for each of the wave segment gathered by the sensors.
Higher differences from the base data indicate that the wave conditions are more severe.

For the processing of the multiple sensors in the monitoring system, this study
explored Independent Component Analysis (ICA). This technique is utilized in separating
source signals frommultiple sensors in a network or in an area. This is useful in getting
or estimating dominant patterns of source signals in a very noisy environment which are
typically experienced in field experiments or in real data. In spite of its potential,
this technique falls short to the aim of the study. Wave data has certain characteristics
that do not meet the requirements for a good implementation of independent component
analysis.

For the classification of wave conditions, this is done through employing
Support Vector Machines (SVM). This technique initially uses spectral analysis technique
which decomposes the wave data into frequencies. The significant wave height and wave
period are then calculated from the wave spectra. These two values are the features
considered for the SVM. The SVM trains the data to create a classification model for
ocean wave conditions. By having the classification model, identification of wave
conditions can be done immediately hence information can be readily published. All of
the processing techniques used the short time series data and were able to assess the
data. These techniques were able to provide information in a short period hence immediate

publication of wave condition is possible
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