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We are developing a small tethered balloon system to observe noctilucent clouds (NLCs) above lower clouds, which often
prevent NLCs observation from the ground. The first test observation using a small action camera held in Hokkaido, Japan
revealed that twisting motion around the tethering wire caused significant blurring in most images taken during nighttime. In
addition, unexpected wire cutting occurred several times due to an over-tension caused by the manually operated winch [Ishii
et al., 2023]. The second test observation was conducted by introducing the simple stabilizer with the camera and an electric
reel as a new winch in a coastal area of Ibaraki, Japan in September 2022 [Kawakami et al., 2022]. In this test observation,
we made a round-trip flight up to 2 km altitude in 77 minutes. The performance of the stabilizer was also verified in this
experiment. As a next step, we have conducted the 3rd test observation in Syowa Station, Antarctica during the summer
operation period of the 65th Japanese Antarctic Research Expedition from December 2023 to February 2024. In this paper,
we present the results of the first test observation held in a cold circumstance.

The system consists of a rubber balloon (350 g), a small action camera (GoPro HERO10), a simple stabilizer with 4 wings,
an environmental monitoring module with a transmitter, tethering wire (a polyethylene line No.8 for fishing), the winch
(Miyaepoch CZ-15), and a receiver system on the ground. The net weight of the payload is 1.1 kg and the environmental
monitoring module consists of several sensors (GPS, atmospheric pressure, temperature, UV irradiance, 9-axis motion) and
the transmitter (LoRa band) to send these parameters to the ground receiver. We consume helium gas for 1.7 m?3 in typical.

We conducted test observations in the main area of Syowa Station only during nighttime (20:00-23:00 in the local time) and
under calm ground weather conditions. We interrupt observation when the angle between the tethering wire and the ground
surface is below 45 degrees or the ground wind speed exceeds 3 m/s for safety reasons. Totally 6 times flights were carried
out between the end of December 2023 and beginning of February, 2024. The highest flight altitude was 1,987 m from the
ground and it cost 98 minutes for round-trip. If we exclude the time for intentional dwell at several levels it shrinks to 65
minutes. We verified the effect of the stabilizer by evaluating a variation of an angular velocity around the wire (i.e. yaw
axis) recorded by the motion sensor. As a result, the angular velocity was limited within the allowance value which is defined
based on the typical exposure time for the NLC imaging ("1 sec [Suzuki et al., 2022]) for 2066 seconds of total flight time
(2922 seconds) at the highest altitude during the flight on Jan 21.

We verified the ability of the stabilizer under relatively calm weather conditions. However, we need additional ingenuity to
surely aim the camera to a poleward direction since our stabilizer is passive to the upper wind. The upper range of the flight
altitude is also required to be extended since the lower clouds were distributed up to 374 km in the Antarctic region according
to the lidar data. We need to consider the technical solution to extend the upper limit of the altitude of our system as a next
step.
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