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Abstract

Observations at active volcanoes using unmanned vehicles are very important from various
viewpoints. From a scientific point of view, it is important to conduct observations in the close vicinity
of active vent without risking his/her life. From a view point of volcano hazard mitigation, re-
installing and recovering techniques for damaged sensors is indispensable to maintain observation
networks around an active volcano when existing monitoring stations are damaged by the intense
activities of the volcano. Installation of volcano monitoring sensors using unmanned vehicle is the
most promising way to recover damaged stations without spending any risk of human lives.

In 2005, we started a project, in which risk-free volcano observation tools are developed. For this
project, we adopted using unmanned autonomous helicopter RMAX-G1 manufactured by Yamaha-
Motor Co., Ltd. We spent first several years in developing an aeromagnetic survey system using this
helicopter with a cesium magnetometer. This system has gradually been improved and has been
applied to Izu Oshima, Sakurajima, Kirishima, Kuchinoerabujima and others. Our aeromagnetic
surveys at active volcanoes have revealed magnetization structures of these target volcanoes with
high spatial resolution.We also started developing observation modules that require direct ground
contact such as seismic and GPS observation modules. We had to start from developing a winch that
is attached underneath the helicopter and is used to install sensors in the target area near active
volcanic vents. Observation modules have to be light weight, compact size, and solar powered. We
have been maintaining seismic observations at Sakurajima summit area since 2009, and GPS
observations at Sakurajima since 2011.

When Kuchinoerabujima island, southern Kyushu erupted in 2014 and 2015, we adopted UAV-
based observation techniques so far developed. We recovered the damaged seismic network at the
summit area. We also conducted multi-parameter observations including aero-magnetic survey,
visual and infrared imagery, and volcanic gas sampling. We also applied the observation system for

observations of newly formed volcanic island Nishinishima, 130km west of Chichijima, Ogasawara.
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Fig.1 Various applications of UAV to volcano observation
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Table 1

Helicopter capabilities

Maximum payload 10 kg( latm, 20" C)

90 minutes

Maximum flight time
Radius of action from the base-station

5 km

20 m/s

-10 ~+45" C

10m/s(average), 15m/s(instantaneous)

Maximum speed
Operating temperature range

Maximum permissible wind speed

Helicopter specifications

Total length 3.63 m

Maximum width 0.72 m

Total height 1.22m

Weight 84 kg (including fuel and camera system)
Fuel tank capacity 11 liters

Engine maximum power/torque 15.4kW / 2.6kgm

water-cooling, two-strokes,
horizontally opposed

2.4 GHz

Engine type two-cylinder

Radio frequency for autonomous
control and data transmission
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Fig.3 Progress in magnetometer installation to UAV
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