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Investigating characteristics of plasma waves observed by scientific satellites in the Earth’'s magnetosphere and plasmasphe
is the effective key to understand not only generation mechanisms of the waves but also a plasma environment which influence
its generation and propagation conditions. In particular, direction finding of plasma waves is most important for understanding
these characteristics.

The wave distribution function (WDF) method was proposed for VLF waves in the Earth’s magnetosphere/plasmasphere
[1]. This method assumes that the observed signals are combinations of a continuum of superposed plane waves of differe
frequencies, propagating in different directions with no mutual phase coherence. In addition, this method also assumes th:
the observed signals are stationary and follow ergodic Gaussian random process with zero mean. Under these assumptio
the WDF method can estimate a WDF as directional distribution of wave energy density by using a spectral matrix which
composes by cross spectra of observed signals. The WDF method is preferred when a wave source does not satisfy the plal
wave approximation or when it is widely extended. However, the WDF estimation is ill-posed problem, that is, the solution
is not determined uniquely. Models as additional information for WDF must be needed to determine the solution uniquely.
Many models have been proposed until now such as the Gaussian distribution model, and Markov random field model [2]. The
estimation using these models works well if the sample number of observed signals is large enough to calculate spectral matrict
exactly. Actually the number of sample observed by satellites is very few. We therefore must take into account that the spectre
matrix which can be used for WDF estimation contains uncertainty.

To treat the uncertainty, we used the Bayesian inference, and we introduced probability density distribution which determine:
relationship between observed and theoretical spectral matrices. This introduction makes the WDF estimation enable to take in
account the effect of sample number. We also studied Markov chain Monte Carlo (MCMC) methods as a Bayesian inference
method for WDF estimation. Variational Bayesian method is also well known as a Bayesian inference method for complicatec
probability model. In this method, we need to get a proper class of approximate probability distribution. However, we cannot get
it due to the complexity of probability distribution we set. We therefore must select MCMC methods, and evaluated the reliability
and efficiency. Finally, we considered issues about the WDF method on the basis of results obtained by applying it to real data.
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