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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. 2. Transmission method of DGPS correction data.

(A)Transmission by radio circuit. (B)Transmission
by telecommunication circuit. (C)Transmission by
FM multiplex or MF marine radiobeacon
broadcasting. (D)Post—processing DGPS.
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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
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Table 1. Basic specification of DGPS receiver system.
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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)
GSJ2 GPS bench mark in GSJ WGS-84 N 36 03 43.6309 | E 140 07 58.9393 | 100.547
GSI2 GPS bench mark in GSJ Tokyo datum N 36 03 32.1050 | E 140 08 10.7206 61.521
Daikon-jima |Measured data by DGPS (Md) | Tokyo datum N 35 29 34.085 E 133 10 26.036 14.2
Daikon-jima |Station of triangulation (8)  |Tokyo datum N 35 29 33914 | E 133 10 26.072 14.7 275 422
Difference (Md-St) +0.171 -0.036
Difference (Md-St) +5.27(m) -091(m)| -0.5(m)
£3. WLERFTELICBT S DGPS IR E.
Table 3. Results of DGPS positioning at the roof of Koshin observatory.
Station Geodetic system| Latitude Longitude Ellipsoidal| Geoid |Elevation
(dms) (dms)| height(m)| height(m) (m)
Daikon-jima Station of triangulation Tokyo datum N 35 29 33914 E 133 10 26.072 147 -27.5 42.2
Koshin observatory |Measured data by DGPS | Tokyo datum N 35 27 47.245 E 133 11 35.102 -224 -27.5 5.1
Koshin observatory [Measured data by DGPS  |WGS-84 N 35 27 58582 | E 133 11 25.745 39.5
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Fig. 8. Distribution of the buoys and markers in the
center of Lake Nakaumi.
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Fig. 9. Transmitter of wireless modem mounted on the
roof of Koshin observatory.
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Fig. 10. Plot example of DGPS track during deployment of markers (WGS—84).

B11. MAEMRLEICBIT S DGPS PIRLAER & BB RO HE(WGS-84%) .
Fig. 11. Comparison between DGPS and Single GPS surveys (WGS-84).
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F4., FEHCIBTLELRTA - - —ONUE
(WGS-847%) .
Table 4. Positions of buoys and markers in the center of

Lake Nakaumi.
Station Latitude Longitude
(dms) (dms)
No. 1 N 35 27 55483 | E 133 11 28.377
No. 5 N 35 28 15056 | E 133 11 51.624
No. 9 N 35 28 34218 | E 133 12 14.046
No. 10 N 35 28 37.134 | E 133 12 07.134
No. 14 N 35 28 18.827 | E 133 11 45.398
No. 18 N 35 28 00301 E 133 11 22.781
BASE N 35 27 58.582 E 133 11 25.745
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