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Accuracies of Position Fixes Obtained by GPS — V
On the Use of High Stable Oscillator

Masaji GODA, Toshiyuki KUNO and Shigekatu NAKANE

In order to lengthen the usable time and evaluate the positioning accuracy of the
GPS by means of two satellites, we made a measurement at three fixed stations in Japan
with a GPS receiver connected with a high stable oscillator.

The usable time became about four hours longer at each station. Positioning ac-
curacy was influenced by the accuracy of navigation messages from each satellite, so that
we should not use an inaccurate satellite for positioning. By avoiding an inaccurate
satellite, we attained almost the same fix accuracy as the low level positioning with three

satellites.
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Table 1. Observation positions (WGS—84)
Latitude Longitude
Hakodate 41°47.068' N 140°43.564' E
Hamada 34°53.434'N 132°03.718'E
Nagasaki 32°42.316'N 129°50.700" E
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Table 2. The usable time and the ratio of each level
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Observation 2D2 2D3 3D Total

Position H M L T H M L T HM 1L T HM L T
Time 5 o 357 205 238 2407 710 1408 0-16 015 139 T30 254 2% 1346
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2D 2 : two-dimensional positioning with two satellites; 2D 3 :

3D : three-dimensional positioning
H : high level; M : middle level; L : low level; T : total
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two-dimensional positioning with three satellites
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Fig. 1. Distribution of position fixes obtained by two
satellites at Hakodate. (satellite Nos. 8 and
1)
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Fig. 2. Distribution of position fixes obtained by two
satellites at Nagasaki. (satellite Nos. 11 and
13)

Table 3. The mean values and standard deviations of D. lat, Dep and Distance for 2D 2 (unit in meter)

Observation No. of D. lat Dep Distance
Positi Dat
osition ata Mean SD Mean SD Mean SD
Hakodate 219 —190.9 321.9 449.6 520.0 488.4 611.6
Hamada 236 15.7 35.9 30.4 79.5 34.2 87.2
Nagasaki 217 61.3 68.4 36.0 89.5 71.1 112.6

2D 2 : two-dimensional positioning with two satellites
SD : standard deviation
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Fig. 3. Distribution of position fixes obtained by com-
bination of satellites, the mean position and er-
ror circles of 1 ¢ at Hakodate.

Triangle : used No. 8 satellite
Circle : unused No. 8 satellite

A : all data ; B : used No. 8 satellite
C : unused No. 8 satellite
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Fig. 5. Distribution of position fixes obtained by com-
bination of satellites, the mean position and er-
ror circle of 1¢ at Nagasaki.
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Fig. 4. Distribution of position fixes obtained by com-
bination of satellites, the mean position and er-
ror circles of 1¢ at Hamada.

Triangle : used No. 8 satellite
Circle : unused No. 8 satellite

A : all data ; B : used No. 8 satellite
C : unused No. 8 satellite
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Table 4. The mean values and standard deviations of D. lat, Dep and Distance for 2 D 2 unused No. 8 satellite
(unit in meter)

D. lat D Dista:
Observation No. of & P 1stance
Position Data Mean SD Mean SD Mean SD
Hakodate 111 —24.6 49.7 17.1 88.1 30.0 101.2
Hamada 153 16.5 39.6 68.1 63.5 70.1 74.8

2D 2 : two-dimensional positioning with two satellites
SD : standard deviation

Table 5. The mean values and standard deviations of D. lat, Dep and Distance for 2D 2 used No. 8 satellite
(unit in meter)

1 D Distan

Observation No. of D. lat P istance
Position Data Mean SD Mean SD Mean SD
Hakodate 118 —402.3 382.6 940.1 380.4 1022.6 539.5
Hamada - 79 14.2 12.3 —48.4 20.3 50.4 23.7

2D 2 : two-dimensional positioning with two satellites
SD : standard deviation
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