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Helicopter-borne Gravity
Measurements - Preliminary Result from Japan

E. John JosEPH!, Takemi ISHIHARA®,
Masao KOMAZAWA?, Jiro SEGAWAZ,
Shigekazu KUSUMOTO?, Hiroshi HASEGAWA®
and Eiji NAKAYAMAS®

Airborne gravity measurement has long been a desira-
ble goal for exploration geophysicists. Availability of
such a measuring system would be advantages for global
reconnaissance surveys. This would enable efficient de-
sign of expensive detailed surveys. So far very few
research groups have successfully conducted such ex-
periments. Most of these airborne gravity measure-
ments were conducted on fixed wing airplanes. These
surveys reported that the short wavelength gravity ano-
malies are strongly attenuated due to high altitude of the
airplanes. One way of alleviating this problem is by mak-
ing measurements aboard a helicopter which generally
fly at low altitude and slow speed. Success of these air-
borne gravity surveys mainly depends on determining
the three-dimensional (3-D) position of the moving plat-
form (i.e. airplane/helicopter). Recent advances in tech-
nology, especially in Global Positioning System (GPS)
have made it possible to determine the velocity and 3-D
position of the moving platform with greater accuracy.
Taking the advantage of these advancements in GPS
technology and using a newly developed system, helicop-
ter-borne gravity measurements were successfully car-
ried out over the Kanto district of Japan. This new
gravimeter system is composed of a servo accelerometer
sensor, a stabilized platform, an optical-fiber gyroscope
to control the stabilized platform, a data processor & con-
troller, onboard GPS receivers and a land-based GPS
receiver. The 3-D position of the helicopter at every sec-
ond were accurately determined by interferometric GPS
method. For this purpose we used two sets of Ashtec Z-
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12 GPS receivers. One of these GPS receivers was
mounted on the helicopter and the other served as a tem-
porary base station at the heliport. The base station posi-
tion was precisely determined with data from permanent
GPS station at Tsukuba and using Bernese 4.0 software.
Later the post-processing software Precise differential
GPS Navigation and surveying (PNAV) was applied on
the GPS carrier phase data to determine the 3-D position
of the helicopter accurately. The data from these inter-
ferometric GPS positioning were also used to compute
helicopter-motion, Eotvos, free-air and latitude correc-
tions which are applied to the measured gravity accelera-
tion. Differential GPS (DGPS) positioning were also con-
ducted using a separate Ashtec BR2G receiver mounted
on helicopter. This real-time positioning data were used
to control the optical-fiber gyroscope. The gravity ac-
celeration data collected were processed and necessary
corrections were applied. Numerical filtering was car-
ried out to remove high frequency noises present in the
data. The observed free-air gravity anomalies are quite
comparable with the upward continuation of ground
truth. Thus the preliminary analysis of the test data
demonstrates the feasibility of helicopter-borne gravity
measurement, when the state-of-the-art GPS navigation
is used. This work has been carried out as a part of the
on-going project supported by New Energy and Technol-
ogy Development Organization (NEDO), Japan.
(1Geological Survey of Japan, Tsukuba,
2School of Marine Science and
Technology, Tokai University
3Aero Asahi Corporation, Tokyo)
Keywords: Airborne gravity, Helicopter, Global
Positioning System, Accelerometer, Stabilized plat-
form, Gyroscope
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Keywords: Three Component Geomagnetic Anomaly,
Deep Towed Three Component Magnetometer, Ring
Laser Gyroscope, Real Time Kinematic GPS

Aerogeophysics in Austria
Klaus Motschka'

The Geological Survey of Austria is doing airborne ge-
ophysical surveys by helicopter since 1982. Since that
time the instrumentation has been improved several
times and many different instruments were added.
Today the whole equipment consists of the following
devices:

—four-frequency digital EM-Bird (400 Hz and 7200 Hz
coplanar, 3600 Hz and 28800 Hz coaxial)

-CS2-Cesium Magnetometer

-9 Nal(T1) crystals to perform gamma-ray Spectroscopy

—Infrared sensor

—Infrared video camera and visible light video camera

-Soil moisture antenna

—Air temperature and dewpoint sensor

—Laser and radar altimeter

—Barometric altimeter

-GPS+ GLONASS receiver for navigation

All data is stored on a PC and the quality of data is con-
trolled by an operator during flight.

(Geological Survey of Austria)
Keywords: Austria, aerogeophysical survey, helicopter
survey, EM

Airborne Geophysical Research
in the Italian Volcanic Regions

Robert Supper!

The Institute for Meteorology and Geophysics, in
close cooperation with the Geological Survey of Austria,
has now been working in the field of airborne geophysics
since the last 20 years and therefore has a rich ex-
perience in data acquisition as well as data processing
and interpretation of airborne geophysical measure-
ments.

For the special application of airborne geophysics to
the volcanic environment in Italy the following methods
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were chosen:

—Optically pumped Cs-magnetometer,

~VLF-equipment,

~Infrared video camera

—NaJ-crystal for gamma-ray spectral detection

—For positioning, a GPS equipment in combination with
a laser altimeter

Within our work in Italy in 1999 airborne geophysical
mapping of the area of Mt. Vesuvio, Campi Flegrei and
the Island of Vulcano and Lipari was done by our depart-
ment.

On Mt. Vesuvio, the total area to be investigated is
about 140 km? (14x10km, 51 lines), which was co-
vered by flight lines at distances of 600 m in N-S direc-
tion. That gives about 1100 line km. In W-E direction
10 tie lines were carried out at a distance of 5 km giving
additional 100 line km. On the profile every 3 to 5 meter
one measurement of the magnetic total field will be
taken, that gives altogether roughly 160000 data points.
As far as possible due to the rough terrain condition the
data acquisition will be done at constant altitude above
surface. The normal flight altitude was planned to be 80
m above surface. As the magnetic and VLF sensor is
dragged 30 m below the helicopter the acquisition
height was 50 m.

On the Island of Lipari and on the Island of Vulcano
300 line km (19 profiles, line spacing 250m; 5 tie lines,
line spacing 1.5 km) were surveyed with the above
specifications but using only magnetics and VLF.

(1Geological Survey of Austria)
Keywords: Vesuvio, Camp Flegrei, Vulcano, airborne
geophysics, VLF
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netic method), lava dome
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