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Weight reduction of tethered balloon observation system for noctilucent cloud ob-
servation and results of test flights

#Ren Suhara!), Taku Takadal, Shinya Ueta?), Satoshi Ishii®), Keisuke Kato3), Hidehiko Suzuki®
(ITMCIT,®NIT, Kochi College, ®Meiji univ.

Noctilucent clouds are icy clouds that form at the mesospheric interface at approximately 85 km altitude and reflect sun-
light from below the horizon before sunrise and after sunset. Traditionally, this phenomenon has been observed around the
summer solstice in the summer hemisphere, primarily at high latitudes (50-70 degrees latitude). However, in recent years it
has been observed in mid-latitude locations, such as Hokkaido, Japan, expanding the area of occurrence. This expansion is
thought to be attributable to environmental changes due to increasing greenhouse gases. We are aiming to conduct regular
observations of noctilucent clouds as an indicator of the degree of global warming at very high altitudes.

In July 2021, we conducted a balloon test flight at Nayoro City Observatory in Hokkaido. In order to solve the problems
encountered during the test flight, we studied ways to reduce the weight of the observational equipment mounted on the
balloon and to reduce the blurring of the camera images obtained.

First, we reviewed the combination of on-board components and decided on a combination of a data transmitter, a GoPro
camera, and a simple gimbal. A GPS sensor, temperature/humidity sensor, 9-axis sensor, and barometric pressure sensor
were attached to the data transmitter, and Raspberry Pi was used as the microcontroller. The data transmitter was housed in
a waterproof plastic case. The simple gimbal was constructed using a GoPro camera attachment and fixed to the plastic case
for filming.

Next, we studied ways to suppress camera shake in the sky. In the July 2021 experiment, many of the still images taken in
time-lapse mode showed the moon and city lights extending horizontally. This was attributed to the twisting of the string to
which the camera was attached, which caused the camera to rotate during the exposure. To investigate the effect of camera
shake on the captured images, we measured acceleration and angular velocity, which were calculated from image differences
during video capture, by subjecting the camera to typical patterns of variation, such as rotational motion due to torsion, single
pendulum motion, and conical pendulum motion. The acquired data showed that rotational motion by torsion and conical
pendulum motion caused a significant change in the horizontal direction, which is the cause of image blurring, while the
single pendulum motion had a limited effect.

In August 2022, a tethered balloon experiment is scheduled to be conducted in Oarai, Ibaraki Prefecture, and the results of
the test flight and improvements will be reported.
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