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Accuracy Improvement on the Directional Buoy
Measurement and Analysis

Chiuo Ming-Da, Chou Shuen-Jyh, Chien Hwa Laurence Z.H. Chuang, Kao Chia Chuen

ABSTRACT

Data buoy, which features comparatively reliability and robustness, is the most frequent applied
alternatives on the measurement of oceanographical data. The wave directional spectra can be
obtained by analyzing the observed heave, pitch and roll motion of the buoy hull. The accurate
determination of the directional spectra serves as a diagnostic tool for the quantification of key
mechanisms governing the dynamics of ocean waves. The objective of present study is to improve the
accuracy of directional spectra measurement and analysis. New algorithms are intended to be
developed instead of modifying current hardware design and mooring structure.The low frequency
noise contaminant, which can be magnified due to the linear conversion from the acceleration
spectrum to the displacement spectrum, is the major cause of the inaccuracy. This kind of error leads
to mistakenly estimate the significant wave heights and periods. To reduce the error, a correction
function to eliminate low-frequency noise is developed based on the previous Lang’s theory. The
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present method is then proven by numerical simulations and field data analysis to be capable of
eliminating the noise. Moreover, the parameters, which should be determined depending on the sea
state, is unified to single one in present method. This contributes to improve its applicability of
routine analysis.Concerning to wave directionality analysis, the asymmetric response of amplitudes
and phase differences of buoy hull to the waves are the major sources of inaccuracy. This asymmetric
response comes from the combined mooring and wind-current effect. On the other hand, the
instrumentation of slope measurement will affect the estimation of directional spreading as well.
Bi-accelerometers or Gyroscopes, which are available from sensing industry, are widely utilized in
the data buoy as inclinometers. However, both the mentioned instrumentations will be effected by the
combinations of the two physical mechanisms: the centripetal acceleration from the orbital motion of
wave particles and the real inclinations on the wave surface. These two forces apply on the
inclinometers with opposite directions and nearly the same order of magnitude and will result in the
slope measurement incorrect thus lead to misestimate the main direction and over-estimate the
directional spreading. In order to improve the accuracy of directional spreading estimation, Steele’s
theory was modified and adopted in present study. The newly proposed method was then validated by
numerical simulations. Finally, the results demonstrate that the differences of the main direction
between the target and the output range from 0 to 20 degree when applying the method to the field
wave data.
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