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The development of all-sky imagers on Shirase for aurora and airglow observations
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We developed an All Sky Imager (ASI) which will be installed on Antarctic research ship Shirase to observe aurora and
airglow. In this presentation, we report the development of ASI.

Optical observation with all-sky imager so far has been limited only to the ground. In North America, THEMIS All Sky Imager
Array, which consists of 20 all sky imagers made much progress in understanding of auroral phenomena. On the other hand, |
the Southern hemisphere, while some imagers are working at Syowa Statioh, (8% ), from East of Syowa station to South
of Australia, there are huge blank area of ground-based observations under the aurora and sub-aurora regions due to the Iz
of lands. Moreover, a research on propagation of atmospheric gravity wave associated with polar winds in a latitude direction
which is supported by ANtarctic Gravity Wave Instrument Network (ANGWIN) on the Antarctica, can be better understood from
that blank area on the sea.

In order to cover this blank area of ground-based observations, we developed the high-sensitivity ASI system which will be
installed on Antarctic research ship Shirase. The ASI on Shirase can cover the blank area with optical observation. The AS
can also detect the faint emission of airglow with exposure time of a few minutes. During the time of a few minute exposure,
the shake of Shirase is designed to be canceled by using a 3-axis controlled gimbal. The ASI consists of bandpass filter (centr
wavelength: 630nm), fisheye lens (field of view: 18%6185° , focal length: 2.7mm, F-number: 1.8), 1-inch cooling CMOS
camera (ZWO/ASI-183MMPro 5496x3672pix) and 3-axis controlled gimbal. The camera is operated with LINUX pc, hamed
LIVA-Q2. Automatic camera operation system has been built in the pc. This system achieves automatic adjustment of camer
operational parameters such as time period and interval of taking images, exposure time and gain of image sensor, dependi
on its geological coordinates which can be obtained from GPS. All the observation equipments are stored inside of box with ar
acrylic dome on top of that. The box is going to be installed on the 06th left deck and data logger while data logger system will
be built in the observation room of Shirase.

The calibration test of ASI was conducted at National Institute of Polar Research on July 26th and 27th, 2019, by using
integrating sphere. From the result of calibration tests, we confirmed that ASI can detect emissions from 400R to 200kR with
S/N >100 by adjusting its exposure time to 10s, 30s, and 120s.

In addition, we conducted ground test observation with the ASI at Zao observatory of Tohoku University BN3®’ ), from
lam to 3am on June 13th, 2019 (JST). From images taken with 2-minute exposure and 30 second frame intervals, subtractir
1-hour averaged image as background emissions, we concluded that Ol 630nm emission of airglow was detected with the AS
After 2am, striped structure of airglow with the wavelength of 300km moved to south-westward and the TEC data from GPS
satellites at corresponding time shows good similarity in the structure. From those characteristics, that striped structure indicate
the existence of Medium-scale traveling ionospheric disturbance at that time.

After the installation to Shirase on September and operation verification at the shakedown cruise from the end of Septembe
to October, whole observation system will be completed. From the departure on November and to the return to Japan on Marcl
2020, the observation of airglow and aurora in wavelength of 630nm will be continuously conducted by the ASI. Although the
observation data will be collected on March 2020, a part of the data will be sent on the internet as a thumbnail.

Moreover, additional imagers for N2 1PG emission and Na airglow is going to be installed in 2020 and 2021 respectively so
more quantitative and multiple observations will be conducted.
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