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Determination of wave rays and bathymetry using
spectral analysis on satellite images

Author : Tai-Ying Chen Advisor : Dr. Hsien-Kuo Chang

Department of Civil Engineering National Chiao Tung University

ABSTRACT

Beach bathymetry in the datum of mean water level was commonly
obtained using single/multi-beam echo sounder and sequential depth correction
due to tidal variation. Some errors on water depth resulting from waves and tides
and high measurement cost as well as manpower are disadvantageous. For
solving the problem wave rays-and wave-lengths are determined from satellite
images using the Fast Fourier Transform (FET) in this thesis. Water depth is first
calculated from estimated wave-lengths and then corrected using wave’s

refraction theory.

Two locations, the Guishan Island.and the Fangliao coast in Pingtung, are
chosen as for available images and visual wave refraction. Some techniques of
image processing are used to obtain wave rays. The techniques include: (1)
histogram equalization for increasing image contrast; (2) Butter Worth high-pass
filter for filtering out the noise; (3) FFT for determining wave rays and
wavelength. Water depth is determined by the dispersion relationship of the
small-amplitude wave theory when estimated wave-lengths are given. Fair errors
on original depth happen due to error of the estimated wavelengths from pixel
resolution of images. The errors of estimated depth are corrected from obtained

propagation angle of each wave ray using waves’ refraction theory.

Accuracy assessment of the proposed method is examined by comparing
1



the estimated water depths at the Fangliao coast with those obtained by echo
sounder. In general the estimated water depths from -4m to -10m of some
profiles by the proposed methods are higher than those by echo sounder. For
water depth exceeding -12m, the estimated water depths by the proposed
methods are slightly lower than those by the echo sounder. Both results are
approximate during the range of water depth from -10m to -12m. The root mean
square error between the estimated water depths by the present method and by
echo sounder for a beach profile is about 0.49m. Neglecting random wave
pattern in some zones, the root mean square error is about 0.31m. The method is
examined applicable for providing accurate water depth in marine engineering

planning.
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