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Observation of plasma bubbles with a small and low-cost airglow imager
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Plasma bubbles are regions in the nighttime equatorial F-region ionosphere where the plasma density is significantly deplete
locally. Plasma bubbles affect the accuracy of GPS positioning because of its steep gradient in the total electron contents ar
associated small-scale irregularities can disturb GPS signals propagating through the ionosphere. 630.0 nm airglow observatio
with ground-based all-sky imagers have been used for imaging two-dimensional structures of plasma bubbles in the last tw
decades. However, such systems are typically large and expensive; thus, it has been difficult to carry out global imaging o
plasma bubbles from multiple stations. If we could use small and low-cost imagers for 630.0 nm airglow measurements, it woulc
be possible to image the large-scale structure of plasma bubbles by combining many imagers.

In this study, we evaluate the feasibility of observations of plasma bubbles by using small and low-cost all-sky airglow imagers.
For this purpose, a low-cost imager has been tested at Ishigaki (24 N, 124 E) in Japan since August 2014. This system consic
of a small camera (WAT-910HX), a fisheye lens and an optical filter. The observation interval is 4 s. One of the problems of
this low-cost observation is low S/N ratio due to noises of the non-cooled CCD with a small aperture. By averaging raw images
for a few minutes and extracting 1-h average background image from the average image, we succeeded in imaging the detail
structure of plasma bubbles. When the magnitudes of depletion in brightness in the raw images were 25, 50, 100 and 150 R, S/
ratios were estimated to be 0.4, 0.9, 1.8, and 2.7, respectively. If we use 2 min average images, S/N ratios were 2.9, 5.8, 11.6, a
17.4, respectively. This indicates that if we use longer interval for averaging, S/N ratio increases. However, the processed imag
can be blurred because plasma bubbles move with a speed of approximately 100 m/s. By comparing the interval of averagin
and the imaged structure of plasma bubbles, it is determined that 2 min average interval is appropriate for observations of plasn
bubbles with the low-cost imagers.

In March 13, 2015, the low-cost imager detected plasma bubbles whose moving velocity gradually decreased. The eastwal
drift velocity estimated with an assumed emission altitude of 250km changed from 100 m/s to 40 m/s. In the presentation, we
discuss the possible cause of this reduction of the drift velocity of the plasma bubble. In addition, we investigated variation
of amplitude scintillation of GPS signals, which is characterized by S4 index, during intervals of plasma bubbles detected by
the low-cost imager. It was found that the S4 index suddenly increased when the satellite passed across the plasma bubbl
especially at their leading edges (eastern edges).
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