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Dose rate mapping by UAV and application to radioactive contamination area
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A method for measuring surface rupture displacement by using UAV - Application to the
2014 Kamishiro fault earthquake
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The surface ruptures associated with the 2014 Kamishiro fault earthquake (Mj 6.7), central Japan was photographed by digit:
cameras mounted on an unmanned aerial vehicle (UAV) and a high pole. The resulting Digital Surface Model (DSM) generatec
using the Structure from Motion (SfM) -Multi-View Stereo (MVS) software enabled accurate measurement of the terrain section,
as well as variations in directions and amounts of three-dimensional surface displacements. Imaging technology mounted on
UAV is used to obtain widespread surface measurements, while the pole camera is used for the detailed photography of importa
locations. The accuracy of the DSM will be confirmed by the comparison of our findings with the measurements by other
methods, such as auto-level, Total Station, and terrestrial LiDAR.

As a result, we were able to create a DSM of a resolution of a few centimeters. The shaded diagram of the DSM indicate:
the following: 1) Surface rupture has propagated in an intricately bent and branched manner. 2) Small-scale deformation an
deformation along several meters of width have taken place. Subsequently, this DSM was compared with the cross-section
survey and measurements carried out by the auto-level and LIDAR, and it was confirmed that the DSM is characterized by fine
topographic changes. However, an error of about 10 cm could have been present depending on the location.
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Accuracy validation of DSM that has been generated by UAV and SfM-MVS, Part3
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The development of ultra-high resolution 3D measurement system by a multicopter using
the latest laser scanner
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In recent years, unmanned helicopters, especially multicopters which have multiple rotors, have been developed rapidly an
the compact laser scanner which can load on them have been also developed. RIEGL VUX-1, ultra-lightweight compact lase
scanner, was released in 2014. This scanner is assumed to load on unmanned aerial vehicles. The specifications of the scar
are as follows: weight 3.6kg, size 22I80«125mm, a large field of view (330 degrees) and a high measurement rate of 500,000
points / seconds. The scanner also corresponds to multiple targets processing by the waveform analysis.

In this study, at first a multicopter that can be loaded with this latest laser scanner was newly developed. In the second, attemp
to ultra-high-definition 3D measurement will be done by the new multicopter with the scanner.

The accuracy verification test was done by the unmanned helicopter YAMAHA RMAX L18 with a gasoline engine. This test
was done by Nakanihon Air Service CO.,LTD, RIEGL JAPAN LTD and KoHaTa Inc. in Oct. 2014. As a result of horizontal
direction verification, vertical direction verification and small object identification verification, it was revealed that the system
can grasp the small step of the relative height 1cm unit as Fig.1.

The influence of the vibration of the engine was concerned, but the effect of vibration was relatively small comparing with the
actual aircraft. This may be because the high frequency vibration was dominant. The newly developed multicopter moved by th
motors for reducing the vibration, it is considered to be able to ensure the accuracy with the smaller and lighter IMU.

The new multicopter is designed to be able to exert maximum performance of the sensor. Considering the VUX-1 transmissiol
and reception of the laser, the shape of the multicopter around the sensor was specially designed so that be able to acquire |
330 degree wide viewing angle data from low altitude flight. This makes it possible to create a wide area and high speed ultra
high-resolution 3D model of terrain and structures from the sky to the same extent of the accuracy by ground-based laser scann
measurement.

This new measurement system is considered as effective where measurements from the ground level are difficult, such as t
landslide disaster. Various applications, such as early condition ascertainment, prevention of secondary disaster and recovery &
reconstruction planning are expected by this system.

It is planned to upgrade the system to retrieve data in various weather conditions and to view and print the measurement resul
in real time in disaster area. After upgrading, the system will be used in the activities of "Tokyo Metropolitan University Disaster
Investigation & Assistance Special Team by Unmanned Aerial Vehicles” in a real disaster field.
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Fig.1 Result of the accuracy verification test
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Glacier change analysis in Tien Shan using digital camera images
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Research method development by using UAV over restricted areas of volcanoes
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TEHGRGEIC IO T, 2O UAV IZBMIO TRED S, TOIEE US> THEKIO EZE TRITL, B
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