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Development of the ground-based real-time all-sky imager for plasma bubble monitoring
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The development of the ground-based optical observation system for monitoring of equatorial plasma bubbles is shown. Wi
manufactured the system with catalog items only, so that it was made much cheaper than the general products were. As deg
dation such as by the solar radiation at day time needs not mind for the low-cost product, the system is suitable for full-time
monitoring observation. This system has been installed at YAMAGAWA radio observation facility of NICT (National Institute
of Information and Communications Technology) on the 13th February 2019 and started observation.

Plasma bubbles are irregular and low-density regions generated locally in the equatorial and low-latitude ionosphere. Plasn
bubbles usually begin to appear around sunset near the magnetic equator and propagate eastward having with structures alig
with the magnetic field. Plasma bubbles occasionally reach Japanese latitudes under high solar activity or certain geomagne
storm conditions. Satellite communication and navigation are often disrupted by irregularities in the ionospheric plasma density
The evaluation and forecast of such plasma density irregularities are regarded as a critical issue for stable communication ar
precise navigation.

We chose 630.0 nm atomic oxygen emission to identify the plasma bubbles. The airglow has the brightness at the point abot
50 km below the peak of the F layer. When plasma bubbles appear in ionosphere, the number of the atomic oxygen and electrc
are rapidly decrease. As a result, the intensity of the glow is weakened and the one like a dark shadow is recognized there. Tt
propagation velocity and spatial change can be known by the consecutive imaging with high-sensitivity camera. Our new sys
tem was installed at the roof of the main two-story building’ 1" 17°N 130?36™58°E, in the YAMAGAWA facility, Ibusuki,
Kagoshima, Japan. Because the geomagnetic latitude there is relatively low compare to the geographical latitude, plasma bubb
are observable from the facility.

The system includes optics, housing, and control parts. The optics consists of a color (WAT-221S2) and a monochrome (WAT
910HX) high-sensitivity cameras with wide field-of-view fish-eye lens (TV1634DC). As a 630.0 nm filter is mounted in the
monochrome camera, we can distinguish easily between the bubbles and clouds. The exposure time is 1/60 sec and the num
of the integration is 256 times, so that the cameras show the images about every 4.3 seconds which are sent to a video encot
(M7014). The encoder received the analogue data and send them to a control PC 14 times per minute through the internet. Tl
data are captured at night time from 5 p.m. until 5 a.m. every day. Concerning the housing, we adopted a plastic box (PL20-44
for outdoor use. Two acrylic domes were attached on the top of the box and sealed for waterproofing. The camera sets, vide
encoder, and a power tap were installed in it. The PC saves the image data in the external HDD and transfers them to NICT
Koganei headquarters in real time. The transferred data are processed into movies automatically which enable us to recognize
bubbles easily. Besides, the calibration experiment for the monochrome camera with 630.0 nm filter was done at NIPR (Natione
Institute of Polar Research). Here, we report the results of the observation at YAMAGAWA but also discussion about the absolute
sensitivity and comparison among the similar observations.
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