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A Proposal of the Direction Finding Method based on Markov Random Field Model
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With the utilization of outer space using communication and meteorological satellites and so on, the importance of the in-
vestigation of space environment around the earth is emphasized. Investigating characteristics of plasma waves observed
scientific satellites in the earth’s plasmasphere/magnetosphere is an effective key to know not only the generating mechanism
the waves but also the plasma environment which influences generation and propagation conditions of the waves. Therefore,
this study, we developed a method for direction finding of plasma waves from waveform or spectrum data measured by plasm
wave receiver. Although a method proposed by Means [1] is known as the simplest method for a direction finding of plasma
waves, it works under the assumption that measured data consists of only one plane wave and the wave normal vector must
perpendicular to the polarization plane of the magnetic wave field. Thus this method is unable to apply when multiple waves
are simultaneously detected at an observation point. Actually, in the previous studies using observation data from the Akebon
satellite, good results were obtained by the Means’ method when a plane wave assumption is clearly satisfied, that is, in cas
of direction finding of Omega signals, lightning whistlers and so on. But it is difficult to apply a plane wave assumption to
natural plasma waves which are continuously observed in temporal and broadband characteristics such as hiss and EMIC wav
In order to solve this problem, a wave distribution function (WDF) method was proposed [2,3]. According to the WDF, wave
normal vectors are represented by energy density distribution of wave elements under the restriction that the arrival waves satis
dispersion relation of plasma wave. However, since it generally becomes an ill-posed problem, it is necessary to assume son
kind of prior information. In order to solve this ill-posed problem effectively, several types of solution method were proposed;
(1) a method based on maximum entropy assumption [4], (2) a method which assumes neighboring energy density distributio
correlates each other and so on. Although the former method can perform very good estimation including a case that wav
sources are widely spread, this method is more sensitive to noise than the latter method. The latter method is not sensitive
noise due to a regularization term, but the reconstructed image estimated by this method becomes dull. In this study, we propo
a method based on Bayes estimation. This method is characterized by little computational complexity and insensibility to noise
compared with the conventional methods. We introduce the Markov random field into the proposed method as prior informatior
of energy density distribution. By introducing this assumption, it is possible to calculate approximate posterior distribution using
variational Bayes with small computation time. Furthermore, it is also possible to determine the regularization parameter whick
maximizes the marginal likelihood.
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