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Dense aeromagnetic survey using Microwave Ranging System (MRS) in Yurihara area,
Akita prefecture, Japan. —Errors of MRS positioning and its reduction—

Rie MoRrLJIRI*, Shigeo OKUMA*, Masahiko MAKINO* and Tadashi NAKATSUKA™
ABSTRACT

An aeromagnetic survey with a flight elevation of 3,000 ft (about 900 m) A.S. L., and flight lines close-
ly spaced at about 300 m was carried out over the Yurihara area in Akita Prefecture in July, 1990. This line
spacing was much smaller than the previous surveys. A Microwave Ranging System (MRS) was used as a
positioning system instead of the LORAN-C system. The MRS is composed of one master transponder on an
aircraft and two remote stations on the ground. An on-board vertical video camera tracked ground land-
marks and gave positioning reference data. Under the inspection of data acquiring mechanism, we conclud-
ed that the MRS positioning errors of 200 m at a maximum were caused by the possible errors in location of
MRS remote stations and the time difference between the MRS data measuring and recording. Both could
be estimated from the above data.

A preliminary aeromagnetic anomaly map of the area shows good quality and high resolution.
Aeromagnetic anomalies correlate with surface and subsurface magnetic volcanic rocks and shallow subsur-

face fine structures, such as faults, anticlines, and synclines in magnetic basement.
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Table 1 Specifications of the aeromagnetic survey in Yurihara area, in July, 1990.
PERIOD 1990.7.24 - 1990.8.2
AREA Yurihara, Akita Prefecture
AIRCRAFT Cesna 404, JA5267
LINE LENGTH 1,490km total
LINE DIRECTION E-W (traverse line)
AIR BASE Akita airport
FLIGHT ALTITUDE 3,000ft A.S.L.
NAVIGATION Visual flight supported by Doppler radar
POSITIONING MRS and vertical video camera
MAGNETIC BASE STATION 39° 10" 02” N
140° 08 03" E
MRS REMOTE STATIONS No.l; 39° 15" 50.5” N
140° 12" 18.2" E
No.2; 39° 21” 39.8” N
140° 10" 02.3” E
EQUIPMENTS
on-board Proton precession magnetometer,
EG&G GeoMetrics G813
Data acquisition system,
Marubun 821000, 831000, 832000
MRS,
DECCA DDMU520, SENAR SNCS-21
Dopplar radar,
SINGER SKK-1000, SKQ-601
Barometic altimeter,
Marubun 833000
Vertical video recording system,
Nakanihon Air Service BPV-002, etc.
on the ground Proton precession magnetometer,
EG&G GeoMetrics G856A
ARNFC,H L CHRE S = b Y BHH BG & G
Geometrics G856) *ERE L7ci3h3, R I VFERZ
T DTH B,
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Fig. 1 Location map of the aeromagnetic survey area.
Stippled area indicate the area of the present
survey. Dotted lines indicate flight lines of
previous aeromagnetic survey (GSJ, 1978). @:
MRS remote station location. A: Location of
temporal ground station for monitoring diurnal
variation of geomagnetic field.

BomCHEBEELTLEY,
fRicitic Bbiehy -7,
Lo L, Fig. 1 iR U fESROSEE HIRR GE /AT,

FtE & 5 300 m &R



98 w B B %

1978) ORI ¥ 3km TH 5 D & & ThiE, BEED
T2 Db ABENPCEBEEDT — 2 2B Lrbh
60

3. RE®R

Fig. 2%, SEB LI IHIEEDHIER LBIRE
X (IGRF %z%) Th3, FAKLOTF—x1x, x0D
2V L — 2 —ABABEINEFRBSOm D7 Y » ¥
F—2RERINTB, F—2MEBY 7 b v = TR
REIoHEREFRCTHEALCSL D (FIF, 1989)
RV, BEVAT A0ERACHIETS L 5
:F@&iﬁ%’ﬁ’)f\ﬂz)o

F— s MBETOIBIIZ, RAELLTEB2EA»S
o MRS BIfE 7 — & D7 B ARER LTl 7
2L, BEORPCH > TN T — 2 REL T
EREFDORBTIIEELLDOIB-T, AL - T
BT -2 oW I LD B,

¥, TOMKEFERTre s v CHMEORK LR
B, FAREZEZABROZACEVCTHIMEDF = »

Ak K 25

7RIV, DBEREIE GaE=zvibe—1) AEIRT
Whe AE 2V b e —A TR, T ETENREOSH
DIERTO, HIEZELBIEEOET»OHAMED L

CINMBEECEELXMZ 55, SEOFTIIRNAIE
DREEIRVEEILDR, BEAEMBEEDZDOEE
BTbh T3, TOMNBEOWMIEDEIII24EDOTET
DRROISEDXIDED, F+H~EmBELL-TE
D, v vCORBREERTHIMBEN DI - T
5,

BE, BRI BEEL T\ 5 & 2RI EERT TR
WEBENDZ &, ROTLAMARIARSTE, B
[KBERD 2 v —REBUELSE G, ZORKEEX
(Fig. 2) #& % &, BBRHOCESA 2 v e -1 NH%
fToteiidisor, B =%~ 6T EE) OF
oI, Thik, SEOERC KT A NEETEHEE
BRERC I MArVCEEX T & d, ERLE+SH
ThHhHIEERTHOLBRTE S,

LA L7ahih, Zhit MRS DAFROMEREL L EIG X
RAORBEEHND LZANIE, L TRE T, =

MRS-2
®
!
=] _ § L
PR e S S ——r
m— S
— TN 1M
> N P = MHIS-
- 3 \(,\T > S
- i A ‘?\,/ 8 l’.'\"‘,
VA L\ I =
il
; = N
A N 3
’/'///“1.'_%. | = f =
N L = Ny
. ground station
0 10km

Fig. 2 A preliminary total intensity aeromagnetic anomaly map of Yurihara area. @: MRS remote station location.
A: Location of temporal ground station for monitoring diurnal variation of geomagnetic field. Contour interval

is 5nT.
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Fig. 3 Histograms of MRS positioning errors referred to vertical video position fixes. The upper half shows North-
South component (southward positive), and the lower half shows East-West component (eastward positive).
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Fig. 4 Configuration of MRS remote stations (@)
and the area of relatively high resolution in
MRS positioning (stippled area). A: Location
of ground station for monitoring diurnal varia-
tion of geomagnetic field. @ : a sample observa-
tion point.
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Fig. 5 Schematic diagram of MRS positioning errors referred to vertical video positioning. Each arrow indicates the
direction and the magnitude of the difference between MRS and the vertical video position fixes. @: position

fixed by vertical video as the origin.
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Fig. 6 Possible time sequence of the data acquisition
of MRS data and vertical video image. A
distance measured by MRS at the time W, is
output and transferred to the data acquisition
system at the time A. As the data acquisition
system is triggered at 1 second intervals, it is
recorded as the value at the time of ¢. The ver-
tical video system has separate recording
equipment with an independent clock, and the
clock data for vertical video may differ by
around 0.2 second from the clock of the data ac-
quisition system for MRS. This difference
leads the time mismatching of @ against &.
As a whole, time mismatching between MRS
data and vertical video image is defined by the
time interval from Il to @, which may amount
to about 2 seconds at a maximum.
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Fig. 7 Distribution of sample points to analyze the
causes of the positioning errors. A: MRS
remote station location.
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Fig. 8 A diagram explaining the MRS positioning er-
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remote stations. A: the true position of the
observation point. O: the false position of an
MRS remote station. /\: the position of the
observation point calculated from the false
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Fig. 9 Simplified geological map around the survey area after Ozawa (1988). Enclosed part with broken lines cor-
responds to the 1990 aeromagnetic survey area.
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Fig. 10 Simplified aeromagnetic anomaly map overlaid on a part of the simplified geological map (Fig. 9). @: MRS
remote station location. A: location of ground station for monitoring diurnal variation of geomagnetic field.
Contour interval is 25 nT. Solid lines indicate anticlines or synclines, and broken lines indicate faults. Stippled
area indicates Kisakata debris avalanche deposits (after Ozawa et al., 1988).
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