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Volcanic plume measurement with UAV
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A Development of Airborne Survey of Gravity and Magnetics on an Unmanned Heli-

copter and Its Data Processing
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It is important for the regional earthquake disaster prevention to make a model of ground structure and clarify the non-fairing
nature of the ground in detail. For this purpose, gravity and magnetic surveys can be used to estimate the deep and vast veloc
and density structures of the ground because of quick observations.

Nowadays, since these implements such as gyroscopes, accelerometers, computers and GPS measurement system are dra
cally improved, observation system becomes much smaller and higher-performance. We now aspire to make observation syste
simple, which sensors installed directly on the career, then correct the observed data by post processing from the accurate post
data. Furthermore, the new accelerometer sensor “D-servo,” which has enough dynamic range for the carrier disturbance ai
resolution for detection of gravity anomaly had been developed as shown in Yokoi et al.(2012).

To discuss the sensitivity and practicability of the exploration system, airborne survey has been carried out. We set the ob
servation system on an autonomous-cruise-type uninhabited helicopter and navigate it over a huge concrete gravity dam, whi
makes large gradient in gravity, with some magnetic body as flood spillway. By means of GPS data of each cruise, theoretice
gravity is calculated from terrain model made of 50m-mesh rectangular parallelepiped which height is altitude. Effects of stored
water and dam itself are also considered.

As results from the observation, it is observed that sensitivity of the magnetic survey was quite well, though, inclination cor-
rection seems to be required for the gravity survey. For the accurate correction, we should consider some suitable way of th
calibration of sensors. Improved method for gravity analysis is also proposed and the result has quite good agreement wit
theoretical gravity in phase and period of the signal. An mesurement and algorithm might be required to determine the accurat
inclined angles for the correction as future development.

Acknowledgments: A part of this study is supported by JSPS KAKENHI (21671003).
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Aeromagnetic survey by a small unmanned airplane over northern part of Deception Is
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We conducted the highly resolved aeromagnetic surveys around Shinmoe-dake, Kirishima volcano twice by using the un
manned autonomous helicopter, when it was after the magmatic sub-plinian eruptions.

First survey was carried out in the end of May covering 3 by 3 km area of western Shinmoe-dake. The flight altitude is as low
as about 100 m above the ground and spacing of flight lines are as close as almost 100 m. Total flight distance is about 85 kr
The cesium optically-pumping magnetometer was installed by hanging below the helicopter to measure the geomagnetic tot:
intensity. Due to this survey, we detected a large geomagnetic total intensity anomaly as 1000 nT. Using these data, the horizont
map of magnetization intensity was obtained beneath the survey area. We found the followings;

1) The average value of the magnetization is as low as 1.5 A/m;

2) Northwestern Shinmoe-dake has lower magnetization than average;

3) Strong magnetization appears the area corresponding the lava at the foot of Karakuni-dake.

Second survey was carried out about 5 months later than the first survey, in the end of October to the beginning of November, i
order to detect temporal change of geomagnetic total intensity. By comparing both data, we could detected a dipole-like chang
as large as about #00nT around the crater of Shinmoe-dake. This change can explain by magnetization enhancement with 2.3
x 107 Am? in the crater. In the 2011 eruptions of Shinmoe-dake, a large pancake-like lava was found in crater with”In% x 10
(Nakada et al., submitted), and the cooling of this lava probably causes this magnetization enhancement.
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Case study of geotechnical estimation by GREATEM

survey over a tunnel construction site
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Three-dimensional electromagnetic modeling of topographic effects on electromagneti
field induction by GREATEM surveys
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A grounded electrical source airborne transient electromagnetics (GREATEM) survey was performed at Kujukuri beach in
central Japan, where an alluvial plain is dominated by sedimentary rocks and shallow water. A reliable resistivity structure was
obtained at a depth range of 300?350 m both on land and offshore, in areas where low-resistivity structures are dominant (It
et al., 2011). Another GREATEM survey was performed at northwestern Awaji Island, where granitic rocks crop out onshore.
Underground resistivity structures at depths of 1 km onshore and 500 m offshore were revealed by this survey. The absolut
resistivity found onshore was much lower than existing results. To circumvent this problem and understand the reason for th
inaccurate results, we used a three-dimensional (3D) electromagnetic (EM) modeling scheme based on the staggered-grid fini
difference (FD) method (Fomenko and Mogi, 2002) to study the effects of oceanic saltwater (or the sea effect) on EM field
induction when conducting GREATEM surveys at coastal areas with topographic features. Topography in our model was repre
sented as an anomaly (1E-8 S/m) in the air layer. We selected a 3D-topographic model consisting of a topographic feature (1E-
S/m) placed on top of a uniform half-space earth medium (1E-3 S/m). The resistivity contrast was 1E+6 times between the ai
and the topography. In the topographic area we used X: 50 x Y: 50 x Z: 25 m cells. Outside the topographic area, irregular cell
were used. The total number of nodes was 52 x 38 x 32 = 63232 cells. The computation was done for four topographic slop
angles (90, 45, 26.5 and 14 Degree). A horizontal electric dipole source was directed along the y-axis situated at the origin (x -
-1500)

The most significant effect of topography on EM field induction occurs at low flight altitudes and gradually decreases with
increasing the flight altitude. The topographic effect of steep slope angles (e.g., 90 and 45 Degree) is higher than for gentle
slopes (e.g., 26.5 and 14 Degree). Furthermore, the area of the topographic feature closer to the dipole source has a larger eff
on EM field induction for several meters.

OO 0O00: Airborne EM,, coast effect, Topography effect, 3D resistivity modeling, GREATEM surveys
Keywords: Airborne EM,, coast effect, Topography effect, 3D resistivity modeling, GREATEM surveys
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Precise formula for horizontal acceleration correction and method for its effective use
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We provide a precise formula for horizontal acceleration correction and discuss a method for its effective use in airborne grav
ity measurements using the SEGAWA airborne (helicopter-borne) gravimeter.

In order to determine a gravity anomaly from the observed acceleration data using a gravimeter, it is necessary to perforr
vertical acceleration correction, Eotvos correction, normal gravity correction, free-air reduction, and horizontal acceleration cor-
rection. These corrections (with the exception of the vertical acceleration correction and horizontal acceleration correction) eac
have precise individual formulas. The precise formula for the horizontal acceleration correction has not yet been presented b
cause it is considered to be an optional correction. In fact, horizontal acceleration correction is unnecessary if the gravimete
sensor remains vertical at all times.

In previous horizontal acceleration corrections, the equations that give the component acceleration vectors acting on th
gravimeter with a platform off-level angle and that give the off-level angle of the platform were linearized. Of course, the
linearization of the equations is a valid technique for simplifying calculations and for finding the essence of the problem. In the
present horizontal acceleration correction, the linearized equations are normally used because the off-level angle is generally ke
very small using a gyroscope. However, this equation cannot deal effectively with sudden large acceleration changes caused |
turning which changes the measurement profile.

In this study, we first provide the precise formula mentioned above for horizontal acceleration correction without linearization
and evaluate the effects of the nonlinear terms in a new solution. In addition, we suggest a method for estimating the true values «
the gravity and the off-level angle by successive iteration because our equation requires the true values to estimate the correcti
amount by deriving the true gravity value and the off-level angle.

gbooobO:000000,0000000

Keywords: Aieborne gravity measurement, Horizontal acceleration correction, Precise formula for horizontal acceleration cor-
rection
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1.Introduction

Gravity anomaly, which is caused by the spatial distribution of stiff (heavy) layer, is used for the estimation of ground structure.
For the improvement of usability and applicability, Morikawa et al.[1] has been working on the development of compact gravity
observation system using force-balance (FB) accelerometer. It has a difficulty that the observed data is severely contaminat:
by various kinds of disturbances such as tilting motion of the carrier vessel. This report presents a scheme to extract the gravi
anomaly signal from the noise-contaminated observed data, by exploiting the statistical independent property of gravity anomal
data and other perturbation signals. Although the final objective is to measure the gravity anomaly by using the air plane or som
other aviation carrier, as a basic study of the research, this paper works on the results obtained by the ship in the Toyama Bay.

2.Methodology
As a scheme of considering independence of signals of source and other signals, blind source separation (BSS) techniques
used. Second Order Blind Identification method (SOBI)[2] separates signals from different sources by exploiting the statistica
property of data. It separates the target source by assuming that source and unwanted data are un-correlated at various tir
lags. Similar scheme is also implemented with the Independent Component Analysis (ICA), which separates the sources b
maximizing the independence of linearly transformed observed signals. The method is referred to as ThinlCA][3].

3.Data Observation

The presented schemes are applied to the data obtained by the field survey which was conducted at The Toyama Bay are
Japan. The carrier vessel was a middle size ship of 55 long. As the reference for comparison, we use the data generated ba:
on the reliable data measured by AIST (National Organization of Advanced Industrial Science and Technology) by considering
the Eotvos effect due to the location of the carrier and the free air anomaly, etc.

4. Results

It was found that application of low pass filtering (LPF) is efficient as a pre-process of observed data. Both SOBI and ICA
worked well after the data is processed by low pass filter (LPF). As for the applicability of devices, combination of VSE data
and vertical component of accelerometer Titan (Taurus-Z) were found to be suitable for our data set. It was also discussed th
the motion of the carrier vessel influences the performance of noise removing algorithm. Under certain conditions, the propose
method was not able to salvage the gravity anomaly data from the observed data with the accuracy sufficient for the purpose «
identification of gravity anomaly distribution. It was difficult, for example, to salvage the gravity data from the data obtained
during the ship is stopped. Comparison of the LPFed observed data and the data extracted by the presented method usi
SOBI and ThinlCA show that they are at acceptable level for the purpose of subsurface modeling. It would require, however
improvement for the application for the data obtained by the aviation carrier devices such as unmanned helicopter.

5. Conclusion

The noise removal method for the highly contaminated data to salvage the target data is discussed. The method is applied
the observed data from Toyama. It requires the condition for the mobility of carrier vessel. For the purpose of data obtainec
using the aviation device, considerable improvement of performance is required.
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