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DGPS positioning in lake surveys

Kiyokazu Nishimura"

Abstract : Obtaining accurate positions of survey points or lines is essential for the
execution of precise lake surveys. Use of GPS (Global Positioning System) has
recently become common in lake surveys. However, accuracy is only approximately
100 m in automonous (single) GPS positioning using a receiver, and high accuracy
positioning cannot be achieved. Therefore, I utilised a differential GPS (DGPS) system,
which improved the accuracy of the positioning for lake surveys. This may achieve an
accuracy of 1-5 m for static positioning and 3-10 m for moving applications. The
DGPS system consists of two sets of GPS receivers (base/field units), a low—power
UHF radio transmitter and receiver for wireless transmission of DGPS correction data,
and a notebook computer. Real-time DGPS and post—processing DGPS can be
implemented by combining these components. Following DGPS positioning, lake survey
was carried out in Lake Nakaumi. The procedure applied was: (1) Long distance
DGPS positioning between Tsukuba and Daikon—jima Is. (distance of approximately
600 km), to evaluate the system. (2) Positioning of a base station at Koshin
observatory, located in the center of Lake Nakaumi. (3) Real-time DGPS positioning
for setting buoys and markers. (4) Comparison between single GPS and DGPS
positioning in the navigation. As a result of these tests, it became clear that DGPS is
far superior to single GPS in positioning accuracy.
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Fig. 3. Location of MF marine radiobeacon stations.
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Fig. 4. Components of the DGPS receiver system. Left
side : transmitter of wireless modem and GPS
receiver. Right side : receiver/pre—amplifier of
wireless modem, GPS receiver and notebook
computer.
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Fig. 5. Block diagram of DGPS receiver system. (A) Real-time DGPS positioning. (B) Post—processing DGPS positioning.
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Table 1. Basic specification of DGPS receiver system.

GPSZELE MG B X UBHRA
ik GPS 100 SRVY I (GARMIN International, Inc.)
FEWHEE 8ii 52
7= ¥ Wi 1842 1m
HHE 5m (SA off)  HAINE Averaging (static)
30 m (SA on)
15 m (SA off) B I#I{7Navigation mode (dynamic)
40 m (SA on)

1-5m DGPS Averaging (static)
3-10m  DGPS Navigation mode(dynamic)
At P A £ 1)
Ty ER 3D FIREF — ¥ 200,000 (SOMER]) & 72213 SEMLRERE
WET— % 1 8
¥ Fr—2RA NMEA 0180, 0182, 0183, PLOTTING, RTCMIZ
FiE - Wi 159(W)x100(D)x5 1 (H)mm, 0.71kg

GPST ¥ 7+ HET > 7+ BIUNBT 7+
BT 75— 3m
EER T — 70 9m

BLEYT LT

B PCI00S2 (GARMIN International, Inc.)

Fbkik DGPS I, 7 —$Dr7 749470},
RINEX format & 0 7" — % 2t

TN EARE T LB

E{EHES YRM21IT (AEHES ()
EEEITES YRM-211TR (ABfEd () )
EEEkY 400 MHz77

EEEN 10 mW

SRR RT3 M 4800 bps

{v¥7z—A RS-232C (12009600 bps)

ik - i 32(Wix134(Dx72mm, 0.52kg (EIEH, SEHEL)

HMEE L CBS TR a8 25

itk Latitude Xpi P75D  (Dell Computer Corp.)
CPU Pentium 75SMHz

RAM 16MB

N=FF 4 ARZ 520 MB

ik FMV-475NL/S Model 3408 (T+36 (#%) )
CPU 486DX4 T5MHz

RAM 16MB

N—FF LAY 340 MB

7 Al%, GPS %fE# (GPS 100 SRVY II, Garmin
) 28/, BENENERT T2 EBEERBLY
ZEE, /= EX—vF LI a—F(PC) 2&
PHERENDL(H4) . SALDAVRE—F D
MAEDHICLY, BHRERIZEIZYTLY A A
DGPS iz 3 £ P ALEE (2 X 5 DGPS I 7597 2
5. )TIVF 4 LD DGPS I %479 B4, Hib
R TIX, GPS ZERANIFE/NENEHRE T L%
BOXREHEER L THERT 5 (HM5A) . FFED
BHERETLAEBORXET ¥ 7+, W77
FOMHPFTENRTWEVWDT, EFLEEST
EHLETABLORVEICKEYT S, GPS 7~
THREAOMNET— 5 % GPS XEMHICATL,
RTCM 7 # — < b ® DGPS #ilE7 — ¥ D% H At
WREL &b, 77— ¥ DIREHEE (34,800 bps TH 5.
BE)RHTIX GPS ZEMIIFE/NENEHRE T A
EBOZEEERL, DGPS filE7T— ¥ D%{E%
79, ETLAEBOZERICIE TV T Y7L Uk
A TRINERT v 7 F e L, EREONEL
MoTwb, V7UME AL ADBET—%1d PC D
74 AT LA LIZDGPSHLE Y 7 b7 = 7 (PC100S2)

Index Map

Z

Sakaiminato wh7
Ll
Daikon-jima Is.
0 1 2 3km

| S - .

Miho Bay

® ﬁser\tshuﬂ area

Lake Nakaumi

(A) Station of triangulation, Daikon-jima
(B) Koshin observatory

133 7' 30" E133° 15

6. DGPS BN KA 7 R4E (HAHHR) .
Fig. 6. Location map of experimental arca for DGPS
positioning (Tokyo datum).
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Fig. 7. GPS antenna and receiver mounted on the station
of triangulation of Daikon—jima.
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Table 2. GPS bench mark position in Geological Survey of Japan used as the reference station for DGPS positioning
and comparison of DGPS positioning result and triangulation result by Geographical Survey Institute at the

triangulation station in Daikon—jima Island.

Station Geodetic system Latitude Longitude Ellipsoidal| Geoid | Elevation
(dms) (dms)| height(m)| height(m) (m)
GSI2 GPS bench mark in GSJ WGS-84 N 36 03 43.6309 | E 140 07 589393 100.547 I
GSI2 GPS bench mark in GSJ Tokyodatum | N 36 03 32.1050 | E 140 08 107206 | 61521
Daikon-jima |Measured data by DGPS (Md) [Tokyodamum | N 35 29 34085 | E 133 10 26.036 14.2 N
Daikon-jima |Station of triangulation (St) | Tokyo datum N 35 29 33914 E 133 10 26.072 147 -27.5 422
Difference (Md-$¢) +0.171 0036 ]
Difference (Md-S) | O is2im)| 0 -091m)|  -0.5(m) -
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Table 3. Results of DGPS positioning at the roof of Koshin observatory.

Station ' Geodetic sysiem:‘ Latitude 1 Longitude Ellipsoidal| Geoid |Elevation

(dms) (dms)| height(m)| height(m) (m)
Daikon-jima Station of triangulation Tokyo datum N 35 29 33514 E 133 10 26.072 14.7 -27.5 42.2
Koshin observatory Measured data by DGPS | Tokyodatum | N 35 27 47.245 | E 133 11 35.102 -22.4 -27.5 5.1
Koshin observatory | Measured data by DGPS | WGS-84 N 35 27 58.582 ‘ E 133 11 25745 39.5
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center of Lake Nakaumi.
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Table 4. Positions of buoys and markers in the center of

Lake Nakaumi.
Station Latitude Longitude
(dms) (dms)
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BASE N 35 27 58582 | E 133 11 25.745
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A study on the cave sites at Shimane Peninsula
—the first excavation at Sarugahana Todai cave site,
Mihonoseki town, Yatuka gun, Shimane Prefecture—

Fumiaki Takehiro"”, Kazuhiro Ege”, Sadayuki Watanabe”
and Rituo Uchida®

Abstract : There are many caves along Shimane Peninsula coast, and they are
considered sea caves. Some of them were used by the ancient people for dwellings or
other purposes, and remain as the archaeological sites. These cave sites are located
h facing the coastal line, so it is considered that the ancient people who would use or
used the cave sites were influenced by the sea level changes or other environmental
changes. And for these reasons, researches of the cave sites contribute to not only
archaeological studies but also palaeo—environmental studies and so on. With these
aims, we planed the excavation of the cave sites, and carried out the trial excavation
at Sarugahana Todai cave site, Mihonoseki town, Yatuka gun, Shimane Prefecture, in
1995.

In 1996, we carried out the first excavation at Sarugahana Todai cave site. This cave
site is located facing the coastal line between Lake Nakaumi and Sakai Channel. The
cave is opened about 4 m above the sea level at present, but the initial bottom of the
cave is still unknown, because it is covered with the sediments which have been
formed after the emergence of the initial cave. In this 1996s’ excavation, we excavated
about 10m’ range of the cave site, and reached about 65cm above the sea level at
the deepest excavated point, and we did not reach the initial bottom of the cave yet.
As one of the result of this excavation, we could find the surface which is thought to
be occupied at a certain time of the Jomon period (possibly the late stage of it), and
its level is around 2.4m above the sea level at the south end of the trench. And we
think there are more occupied surfaces under this surface. To study further this site
and the other cave sites at Shimane Peninsula, we have to carry out more researches.

Keywords : cave site, sea cave, Shimane Peninsula, sea level changes, Sarugahana
Tddai cave site.
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