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DGPS positioning in lake surveys (part 2)
- High precision positioning using broadcasting service of DGPS corrections -

Kiyokazu Nishimura' and Takemi Ishihara®

Abstract: In lake surveys, it is very important to measure positions of survey sites or lines with a
high precision. DGPS (Differential Global Positioning System) is a new high-precision positioning
technique. The DGPS system needs DGPS correction data obtained at a GPS reference station with
a known geographic coordinate. Service of several methods to transmit DGPS correction data started
recently in Japan, i.e., broadcasting by MF (middle frequency) marine radiobeacon, FM multiplex
broadcasting and distribution via the Internet. Experiments were carried out in and around Lake
Nakaumi to evaluate whether these DGPS correction data services were usable. We used correction
data from a MF radiobeacon station located in Hamada (western part of Shimane prefecture) and
those from a FM broadcasting station FM San'in located in Matsue (eastern part of Shimane prefecture).
However, the correction data from the MF radiobeacon of Hamada could not be received around
Lake Nakaumi. We expect that we can use DGPS correction data from another new radiobeacon
station (Tango, Kyoto prefeéture) which starts its service in April, 1999. On the other hand, we could
receive excellent correction data from the FM radio station and we could carry out the DGPS
positioning in most locations of Lake Nakaumi. To evaluate repeatability of the DGPS positioning
in navigation survey, two buoys about 120m away from each other were installed in Lake Nakaumi,
and we navigated a boat loaded DGPS receiver between two buoys. It was found out that positioning
precision was within several meters. Moreover, we confirmed that we can carry out DGPS positioning
using correction data via the Internet in anywhere we like.
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Fig. 2. Location of the MF marine radiobeacon stations in
Japan (based on Nishida, 1997).
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Fig. 3. Location of the FM radio stations which broadcast
DGPS correction data and the reference stations of GPS
(Yasuda, 1998).
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Fig. 5. Block diagram of the DGPS receivers used in the
experiments. (A) MF marine radiobeacon receiver and
GPS receiver, (B) FM multiplex DGPS receiver and
notebook computer, (C) FM multiplex receiver unit and
GPS receiver, (D) GPS receiver and mobile computer for

Internet connection.
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Fig. 6. GPS receivers used for the experiments. From the
left, DGPS receiver (GPS-707DN), Notebook computer
(FMV-475NK/S), FM multiplex receiver units (M-51),
GPS receiver (SRVY II for FM DGPS), GPS receiver
(GPS 40 for Internet DGPS), Mobile computer (Libretto
70), GPS receiver (SRVY II for point positioning).
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Table 1. Investigation results of the reception condition of the DGPS correction service in Shimane Prefecture (Feb.

1998- Feb. 1999).
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Fig. 8. Distribution chart of DGPS positioning by using
FM DGPS corrections (triangulation station in Daikon-
jima Island, Apr. 19, 1998).
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Fig. 9. Time variation of latitude and longitude values
measured by the FM DGPS positioning (triangulation
station in Daikon-jima Island, Apr. 19, 1998).
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Table 2. Comparison of DGPS and point positioning results and triangulation result by Geographical Survey Institute at

the triangulation station in Daikon-jima Island.

Date Geodetic system Latitude (dms) Longitude (dms) |Diference of Lat. Difference of Lon.
Md-Ts Md-Ts

Apr. 19, 1998 |Measured data (Md)

by FM-DGPS (GPS-707CN) | Tokyo datum N35 29 34.029 E1331026.172 0.115" (3.55m) 0.100" (2.51m)
Apr. 19, 1998 |Measured data (Md) WGS-84 N35 29 45,148 E133 10 16.592

by Beacon-DGPS Tokyo datum N35 29 33.811 E133 10 25.949 -0.103" (-3.18m) -0.123" (-3.09m)|
Apr. 19, 1998 |Measured data (Md) WGS-84 N352945.177 E133 10 16.481

by GPS (point positioning) Tokyo datum N352933.840 |E1331025.838 -0.074" (-2.28m)|  -0.234" (-5.88m)|
Dec. 24, 1998 |Measured data (Md)

by FM-DGPS (GPS-707CN) | Tokyo datum N35 29 33.985 E1331026.117 0.071" (2.19m) 0.045" ( 1.13m)
Dec. 24, 1998 |Measured data (Md) WGS-84 N35 29 45.215 E133 10 16.639

by FM-DGPS (M-51) Tokyo datum N35 29 33.878 E133 10 25.996 -0.036" (-1.11m)|  -0.076" (-1.91m)
Dec. 24, 1998 [Measured data (Md) WGS-84 N35 29 45.134 E133 10 16.641

by GPS (point positioning) Tokyo datum N35 29 33.797 E133 10 25.998 -0.117" (-3.61m) -0.074" (-1.86m)

Triangulation station (Ts)

Daikon-jima  Tokyo datum N35 29 33.914  |[E133 10 26.072
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(A)

DGPS (GPS-707CN) N 9:30-10:30 Dec. 24, 1998 at Daikon-jima
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(B)
DGPS (M-51, SRVY-l) N  9:30-10:30 Dec. 24, 1998 at Daikon-jima

0(m) 50 100 150
S

4

50 |

W oF s 1 E
(mr ]

s0f

100 L
2150 -100  -50

0(m) 5O 100 150
S

(C) 6pPs (Point positioning, SRVY-II)
N 9:30-10:30 Dec. 24, 1998 at Daikon-jima
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10. DGPS Jllfi 35 & UHAIAL GPS 12 B 17 5 #IfL
SAE B ZH=MAM, 1998612724 H).(A)
{ZGPS-707DNIZ & 5 DGPSHIfZ, (B)IXM-51 &£ SRVY
12 & % DGPS Iz, (C)id SRVY I 12 & 5 BEBHIAT
DIERZIRT.

Fig. 10. Distribution chart of DGPS and GPS positioning
(Triangulation station in Daikon-jima Island, Dec. 24,
1998). Results of (A) DGPS positioning by GPS-707DN,
(B) DGPS positioning by M-51 and SRVY II and (C) point
positioning GPS by SRVY II are shown respectively.

#3. 741 AB~DGPS 7 V7 F DEEILERL & &
DEEDFM % EDGPS 12 X 5 IG5 5(19984E4 H 19
H).

Table 3. The time of the closest approach of a GPS antenna
approached to buoys A and B, and the positioning results
by using the FM DGPS correction.

Point # [Buoy Time(hms) | Latitude (dms) Longitude (dms)
1 A 13:05:10 N 35 30 34777 E 133 12 13.855
2 B 13:06:00 N 35 30 32.117] E 133 12 17.621
3 B 13:07:12 N 385 380 31.777] E 133 12 18.066
4 A 13:08:04 N 35 30 34461 E 133 12 14.281
5 A 13:09:08 N 35 30 34594 E 133 12 14.051
6 B 13:09:56 N 35 30 32102 E 133 12 17.586
7 B 13:11:05 N 35 30 31.906) E 133 12 17.961
8 A 13:11:59 N 35 30 34516 E 133 12 14277
9 A 13:12:58 N 35 30 34.641| E 133 12 14.012
10 B 13:13:49 N 35 30 32086 E 133 12 17.66
11 B 13:14:50 N 35 30 31930 E 133 12 17922
12 A 13:15:40 N 35 30 34.496| E 133 12 14.297
13 A 13:16:30 N 35 30 34.672| E 133 12 13.969
14 B 13:17:25 N 35 30 32.066) E 133 12 17.613
15 B 13:18:26 N 35 30 31945 E 133 12 17.887
16 A 13:19:13 N 35 30 34488 E 133 12 14.305
17 A 13:20:04 N 35 30 34594 E 133 12 14.066
18 B 13:20:54 N 35 30 31977/ E 133 12 17.699
19 B 13:21:47 N 35 30 31848/ E 133 12 17.855
20 A 13:22:32 N 35 30 34.426| E 133 12 14.227
N3530' E133 12'

38
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@ 35 -
£ A
2 34
5 N

33 N

32 %

B
31 = 150m
30
8 9 10111213 141516 17 18 19 20 21 22 23 24
Longitude(s)

11. FM % & DGPS #IfZ 7 — ¥ (GPS-707DN)Z &
BB & U7 A ~ORIBRFEZ RS~ — 7 (1998
F120 228, BAMMR).

Fig. 11. Track chart of FM DGPS positioning data (GPS-
707DN, Dec. 22, 1998, Tokyo datum). An open circle
indicates position of the closest approach of a GPS antenna
to a buoy.
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Fig. 14. Track chart of point positioning GPS data (SRVY
= 5 2 ] II, Dec. 22, 1998, Tokyo datum). An open circle indicates
€0 14190 position of the closest approach of a GPS antenna to a
E 18° ..1.17 ] buoy.
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Fig. 12. Expanded view around the buoy. (A) and (B) I ° s \ 1 Izoo,n
show around buoy A and B respectably. A dot indicates N3527'00" - E—
. N13329'00" 9'30" 10'00"
position of the closest approach of a GPS antenna to a Longitude
buoy. 15. fRERCBIT 2 PSR (1999427 16 H,
N35 30' 12' N ~ s
" e HAHMAR). 1> % —% v MEEDGPS, FM%E
37 DGPS B & OB GPS 2 /R 9. HlgE RGO
o e,
= 35 TR Fig. 15. Result of positioning in the cruising off the mouth
:';’ 34 A K‘\ of R. Ohashi in Lake Nakaumi (Feb. 16, 1999, Tokyo
§ 33 ko datum). Data of Internet DGPS, FM DGPS and point
2 positioning GPS are shown respectively.
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13. FMZE DGPS IfZ7— % (M-51, SRVY II)
WEEHMBEBLTTANORELE A RT~—2
(1998 £ 12 § 22 A, HAMEHR).

Fig. 13. Chrat of tracks plotted by FM DGPS positioning
data (M-51, SRVY II, Dec. 22, 1998, Tokyo datum). An
open circle indicates position of the closest approach of a
GPS antenna to a buoy.
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