2013  Conductivity Anomaly 81-87

HAATEAANY 27 % — 2RI U 7oL o> 22 rhigk s i &

BARE (EREL) - /NUGETKR - PRz - RiEMERE GROUEMD - 85 (JAMSTEC)
EARFZ (ERHED) - gaAde— (deigaiv)IYHE)

Aeromagnetic surveys over Tarumae volcano using an unmanned autonomous helicopter

Takeshi Hashimoto (Fac. Sci., Hokkaido Univ.), Takao Koyama, Takayuki Kaneko,
Takao Ohminato (ERI, Univ. Tokyo), Takatoshi Yanagisawa (JAMSTEC),
Mitsuhiro Yoshimoto (Fac. Sci., Hokkaido Univ.) and Eiichi Suzuki (River Center of Hokkaido)

Abstract  Volcanic eruptions generally prohibit humans from approaching active craters. Meanwhile, it is
important during an eruption to perform visual surveillance, geophysical measurements and material sampling in
the vicinity of the craters. Besides scientific purposes, these are also useful in deciding emergency actions such as
evacuation or recovery plans considering the ongoing volcanic activity and possible subsequences. We started
airborne volcano surveillance using an unmanned helicopter on a trial basis in cooperation with the Hokkaido
Regional Development Bureau since 2011. We performed the experiments at Mt.Tarumae (1,041m) in 2011 and
2012. As of 2012, the volcano was not erupting but showed persistent fumarolic activity around the summit lava
dome. In this study, we report the results of the repeated aeromagnetic survey. Through our two-year experiments,
the unmanned helicopter was proved to be practically useful for volcano surveillance at Mt.Tarumae. In particular,
autonomous flight proved a performance of positioning control within an accuracy of approximately 10m. This is
an advantage in detecting volcano-magnetic changes from a direct comparison procedure. In application of this
vehicle to a future volcanic unrest, it is practically important to find beforehand some candidate sites for a base
station from which we control the helicopter, and to perform some preliminary operations to overview an

undisturbed condition when a volcano is calm.
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Fig. 1 Topography around the survey area. Locations of landmarks, reference station, and base stations (after

Hashimoto et al., 2012)
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Fig. 2 (Left) The unmanned helicopter and controlling vehicle. Fig. 3 (Right) Magnetic total intensity

map obtained from the survey in 2011.
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Fig. 4 Actual flight paths in 2011 (left panel) and 2012 (right panel).
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Fig. 5 (Left) Differential geomagnetic total intensity between the datasets in 2011 and 2012. The radius of the
circles indicates the amplitude of magnetic changes. Only the data with small (less than 10 m) deviation in the
measurement locations are plotted.

Fig. 6 (Right) Histogram of the deviation in flight paths between the two surveys.
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Fig. 7 Histogram of the gradient in the geomagnetic field along the flight paths.
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Fig. 8 Differential geomagnetic total intensity between the datasets in 2011 and 2012 which is projected on the
geomagnetic north-south cross-section. Horizontal axis indicates the distance toward the geomagnetic north in
meter. Vertical axis indicates the magnetic change in nT.
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Fig. 9 Modeled magnetic changes in the air which was estimated from the repeat surveys on the ground (after
Hashimoto et al., 2012). A magnetic dipole with a moment of 1X 10" Am? was assumed at a depth of 500 m

beneath the summit lava dome. Then the magnetic field along the actual flight paths in 2011 was calculated.
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