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Extension of Maximum Entropy Principle Method (MEP)
for Estimating Directional Ocean Wave Spectrum
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Synopsis

Directional spectra are the fundamental properties of sea waves, which express the energy dis-
tribution as a function of wave frequency and wave propagation direction. So far, many methods for
estimating directional spectra for various types of ocean wave measurements have been proposed. For
example, two of these methods are the MEP (Maximum Entropy Principle Method) and the BDM
(Bayesian Directional Spectrum Estimation Method) , which were proposed by the authors in 1985 and
1987 respectively.

The MEP can be applied for estimating directional spectra from simultaneous measurement of
three-quantities related to random wave motions. When the MEP is applied for three-quantity
measurement of random seas, the estimates of directional spectra show better directional resolution
power than the other existing methods. On the other hand, the BDM can be applied for more than
three arbitrary mixed instrument array measurement and has the highest resolution power for estimat-
ing directional spectrum of all the existing methods. The BDM is also a robust method for estimating
directional spectrum from the cross-power spectra contaminated by the estimation errors.

The MEP is, however, not a general method;, because it can be applied only for three-quantity
measurement. On the other hand, though the BDM seems to be a general method, it has a big problem
of time-consuming iteration calculation for estimating directional spectrum. Therefore, it is important
to develop a method which can be applied for general measurement of random seas and gives an accu-
rate and robust estimate of directional spectrum easily.

In this report, first, several existing methods for estimating directional spectra are discussed
from a view point of their own defects. Secondly, a new method (EMEP), which is developed by ex-
tending the MEP, is proposed as a general and practical method for estimating directional spectrum.
The EMEP is also as robust as the BDM for estimating directional spectrum, since it is developed by
taking into consideration the errors of the cross-power spectra. The EMEP is examined for numerical
simulation data and field wave data, and validity of the EMEP is discussed.

The major conclusions are as follows:

1) The EMEP can be applied for arbitrary mixed instrument array measurement.

2) The EMEP gives the same estimate as the MEP when the EMEP is applied for three-quantity
measurement.

3) The EMEP gives almost the same estimate as the BDM when the EMEP is applied for more than
three arbitrary mixed instrument array measurement. )

4) The EMEP is suitable for real-time estimation of directional spectrum by a personal computer.

Key Words : Directional Wave Spectrum, Wave Direction, Wave Observation, Maximum Entropy
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