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Tsunamis are some of the most destructive natural disasters. Some proposed tsunami
measurement and arrival prediction systems use a limited number of instruments, then judge
the occurrence of the tsunami, forecast its arrival time, location and scale. Since there are a
limited number of measurement instruments, there is a possibility that large prediction errors
will occur. In order to solve this problem, a long-distance tsunami measurement system based
on the binocular stereo vision principle is proposed in this paper.

The proposed system installs two cameras on the coast, takes long-distant image of sea
surfaces about 4 ~ 20 km real-time, determines the tsunamis and predicts the arrival time and
scale of a tsunami by image processing. In our project, there are many research subjects such
as 24-hour image capture for long-distance sea surface of 4 ~ 20 km, image measurement in
bad weather such as rain and snow, stereo mapping for binocular stereo vision, calculation of
sea level height, method of determining the presence or absence of tsunami, and how to
estimate the arrival time.

In this paper, we will focus on the stereo matching method. To achieve tsunami
measurement, stereo matching needs to meet two requirements: 1) high precision to
accurately perceive sea surface anomalies, 2) fast to achieve rapid perception of sea surface
anomalies. However, long distance sea surface images have three main features: 1) large
disparity range, 2) lacking feature points, 3) non-rigid transformation, they make stereo
matching difficult.

To realize stereo matching of this system, it is accomplished from three aspects: (1) Sparse
matching by feature vector and decision tree for high speed; (2) Dense matching using leaning
cost volume and semi global method for high accuracy; (3) Feature map generation by neural
network to secure the number of matching waves.

In addition, to solve the time and space consumption problem caused by large disparity
range, we formulate the relationship between disparity d and the y coordinate. To solve the
problem of non-rigid transformation, a feature vector is established to distinguish sea wave
from each other and a decision tree is built to matching waves by making judgement sensitive
to some deterministic features and ignoring some uncertain features. A non-end to end
network structure is built to generate feature map of sea surface image to solve the problem
of lacking feature points.

The outline of this thesis is as follows.

Chapter 1 presents the background of tsunami measurement and the purpose of this work.

Chapter 2 introduces the improved stereo matching method based on standard matching
pipeline of feature point detection, description and matching strategy selection. Each step is
well designed to adapt to long-distance sea surface images’ characteristics.

Chapter 3 presents the stereo matching by neural network including the making of training
data set, the establishment of non-end to end network as well as feature map generation by
the network. The experiments to compare the traditional methods and the network are also
conducted.

Chapter 4 presents the experiment results of the proposed method; the experiment was
conducted on sea surface images taken within three periods from two sites to verify the
efficiency of our method.

Chapter 5 summarizes this thesis.
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