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ABSTRACT: Observation of volcanic bombs is an important task for the Japan Meteorological Agency. We
have developed a tool for measuring the positions of volcanic bombs using numerical maps to improve
measurement accuracy and to enable instant measurement. Processing using the tool consists of the following
steps: (1) Convert the world coordinate system to a local coordinate system. (2) Convert the
three-dimensional local coordinate system to a two-dimensional projected coordinate system. (3) Correct
image distortions caused by lenses. (4) Convert the position of each pixel in the camera image in the
projected coordinate system to the world coordinate system. Positions of sample points in Sakurajima and
Kirishimayama are measured almost precisely with the tool. The precision of the positions measured with the
tool needs to be investigated in advance, because the installation environments for cameras differ at each
volcano.
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Fig. 1 Schematic image of the format of numerical maps
issued by the Geographical Survey Institute.
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Projected plane

Fig. 2 Schematic of a conversion of a three-dimensional
local coordinate system to a two-dimensional projected
coordinate system. x’, y’, z’ : Three-dimensional local
coordinate system, X, Y : Two-dimensional coordinate
system of the camera, L : Horizontal distance from the
camera to the projected plane, W : Width of the projected
plane, H : Height of the projected plane, «: Angle of view,
0 : Rotation angle of the camera. Green points indicate
where the volcanic bombs fell.
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Fig. 3 Schematic of distortions caused by a lens. (a) :
Original picture, (b) : Barrel distortion, (c) : Pincushion
distortion.
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Fig. 4 Calculation of positions of each pixel of the
camera image in the projected coordinate system to the
world coordinate system. i : Index number of horizontal
pixel, j : Index number of vertical pixel, P;; : Center point
of pixel (i, j), G1,G»,G3 : Nodes of the numerical map
converted to the camera projected plane.
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Fig. 5" Distribution map of Sakurajima and
Higashikorimoto camera.
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Fig. 6 (a) The summit of Kitadake and (b) the Yunohira
observation platform on Sakurajima on the camera image
taken with the Higashikorimoto camera.
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Fig. 7° Distribution map of Shinmoedake and
Karakunidake summit camera on Kirishimayama.

S5 EEE 01./8015:08:58
ROHE (8)

Fig. 8 Sampling points on the Shinmoedake crater on the
camera image taken with the Karakunidake summit camera
on Kirishimayama. Red points indicate the measured
sampling points.
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Fig. 9 Volcanic bombs from the Showa-crater on
Sakurajima during an explosive eruption at 15:07 on
March 12, 2012 taken with the Hayasaki camera installed
by the Ministry of Land, Infrastructure, Transportation and
Tourism. White arrows denote where the volcanic bombs
fell.
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Fig. 10 Volcanic bomb from the Showa-crater on
Sakurajima during an explosive eruption at 15:07 on
March 12, 2012 taken with the Kaigata camera installed by
the Ministry of Land, Infrastructure, Transportation and
Tourism. The white arrow denotes where the volcanic
bomb fell.
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Fig. 117 Distribution map of volcanic bombs during an
explosive eruption at 15:07 on March 12, 2012. Red
points show where the volcanic bombs fell. Numbers on
the map correspond with Fig. 9 and Fig. 10. This map was
drawn with Kashmir 3D.
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Fig. 12" (a) Picture taken from the Hayasaki camera installed around 5 km from the Showa crater on Sakurajima, and
(b) image of the precision of the measured positions per pixel. Change in the precision is represented by color

graduation.
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Fig. 13"

Screen shot of the tool for measuring positions of volcanic bombs. (D: Read pictures during eruption from the
network server. @: Show ridgelines on the picture. Q: Adjust the parameters of the camera. @: Select the positions on

the picture where volcanic bombs fell. ®: Register the selected positions on the volcanic bomb list.
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Fig. 14" Positions of fallen volcanic bombs that were ejected over 800 m from the Showa crater observed by the
cameras from June 1, 2012 to September 30, 2012 (Kagoshima Local Meteorological Observatory and Fukuoka District
Meteorological Observatory, 2012). Yellow circles: Positions of fallen bombs observed on March 12, 2012 and from April
1 to May 31, 2012; Red circles: Positions of fallen bombs observed from June 1 to September 30, 2012; Green segment:
Avrea that is visible through the Hayasaki camera, Kaigata camera, and Higashikorimoto camera. This map was drawn
with Kashmir 3D. The numeric elevation map data with 5 m resolution was provided by the Osumi Office for Rivers and
National Highways.
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