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Extraction of geophysical information from auroral movies using an

approximate Kalman filter
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Introduction

The features and variations of aurorae are highly complicated. In addition, some aurorae blink with
various periods. Thus, it is difficult to quantify the properties of the aurorae. In order to quantify
some of the auroral properties, we have developed a method for decomposing the variations of aurorae
into a persistent component and fluctuating component by using an algorithm which approximates the
Kalman filter.

Method

The variation of the persistent component £, which does not rapidly change in brightness, should
satisfy the following optical flow equation:
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where (u, v) indicates the optical flow vector, which corresponds to auroral motion on an image. Based

on this equation, we derive a predictive model from the image at the previous time #— as follows:
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where the subscript i indicates i-th pixel on an image and &/, £, and " are system noise terms. The
observed brightness y; k is the sum of the persistent component ¢; ; and the fluctuating component w; ;:
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Egs. (2) and (3) are regarded as a nonlinear state space model in which ¢;x, u;x, and v;; are the state
variables. Thus, these state variables could be estimated using the extended Kalman filter. However,
the standard extended Kalman filter is computationally costly because one auroral image consists of
tens of thousands of pixels. In order to reduce the computational cost, we approximate the filtered
covariance matrix by a diagonal matrix. On the basis of this approximation, we have derived an efficient
algorithm for estimating the state variables, ¢; x, u; r, and v; ;. Using this efficient algorithm, we estimate
the persistent component. The fluctuating component is then obtained by subtracting the persistent
component from the original image



