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Accuracies of Position Fixes Obtained by GPS-VI
The Observation at Two Foreign Fixed Stations

Toshiyuki KuNo, Masaji GopA and Shigekatsu NAKANE

ABSTRACT

We measured the usable time and got position fixes from two foreign fixed

stations in order to evaluate the positioning accuracy of GPS in terms of the differ-

ence in location between the stations.

We received positioning signals from 6 satellites and also obtained position fixes

by means of two satellites. The usable time measured at Honiara and Sydney was

shorter than that measured at Nagasaki, but three-dimensional positioning accounted

for 40~50% of the total time and most of the data were on a high level.

We eliminated not a few data in both stations because their errors were larger

than 1 nautical mile. These data accounted for 10% of the total number, especially

in Honiara.

There were no obvious locality differences found in 2D3 (two-dimensional

positioning by means of three satellites) and 3D (three-dimensional positioning), i. e.

the positioning errors in them were smaller than 0.1 nautical mile. But we observed

that there were some locality differences in the usable time and the arrangement of

the satellites.
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Table 1. Observation positions (WGS-84)
Latitude Longitude
D 9°25.744'S 159°57.581'E
E 33752.018'S 151°11.772’E
C 32°42.316'N 129°50.700'E
D: Honiara; E: Sydney; C: Nagasaki
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Table 2. The usable time and the ratio of each level
2D2 2D3 3D Total
Position
H H M L T H M L T H M L T
Time 3-26 1-13 0-02 0-26 1-41 2-37 1-11 — 3-48 7-16 1-13 0-26 8-5
D (h-m)
Percentage 38 14 1 5 20 29 13 — 42 81 14 5 100
(%)
Time 2-03 1-44 — — 1-44 3-02° 0-21 — 3-23 6-49 0-21 — 7-10
E (h-m) .
Percentage 29 24 — - 24 42 5 - 47 9 5 - 100
(%)
Time 3-45 2-12 1-35 1-48 5-35 0-20 0-26 0-13 0-59 6-17 2-01 2-01 10-19
C (h-m)
Percentage 36 21 16 18 . 55 3 4 2 9 60 20 20 100

(%)

D: Honiara; E: Sydney; C: Nagasaki

2D2: two-dimensional positioning with two satellites; 2D3: two-dimensional positioning with three satellites

3D: three-dimensional positioning
H: high level; M: middle level; L: low level; T: total
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Fig. 1. . Elevation angle of satellites observed
at Honiara from 17th to 18th Nov. 1988.
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Fig. 2.  Elevation angle of satellites observed
at Sydney from 28th to 29th Nov. 1988.
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Fig. 3.  Elevation angle of satellites observed

at Nagasaki from 13th to 14th Aug.
1988.
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Table 3. The number of data and ratio of usable data in different observation positions
Number of Data
Dimension - - Per%g/n)tage
Total Eliminated Rejected Used °
2D2 826 166 90 570 69
2D3 406 10 395 97
3D 912 13 896 98
Total 2144 189 94 1861 87
2D2 492 17 18 457 . 93
2D3 416 1 1 414 99
E 3D 811 15 14 782 9%
Total 1719 33 33 1653 96
2D2 225 — 3 217 96
2D3 335 — 331 99
C 3D 59 — 5 54 92
Total 619 — 17 602 97

D: Honiara; E: Sydney; C: Nagasaki
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Table 4. The mean values and standard deviations of D. lat, Dep and Distance for each level (unit in meter)

. No k of D. lat Dep Distance
Dimension Level §

o Data Mean SD Mean SD Mean SD
2D2 H 570 -31.2 7.7 158.1 180.6 161.1 196.6
H 287 —6.9 40.1 34.3 ’ 35.7 35.0 53.7
2Db3 M 8 —-3.8 37.1 92.5 137.6 92.6 142.5
L 100 25.7 30.9 180.6 109.7 182.4 114.0
D Total 395 1.4 40.4 72.5 91;2 72.5 99.7
H 628 19.3 12.1 34.0 15.6 39.1 19.7
3D M 268 16.1 45.2 13.4 84.2 20.9 95.6
Total 896 18.3 26.7 27.8 48.7 33.3 55.5
Total 1861 —0.4 54.7 77.2 126.8 77.2 138.1
2D2 H 457 -99.7 95.4 98.8 125.7 140.4 157.8
2D3 H 414 —22.9 16.5 46.1 68.5 51.5 70.5
E H 698 12.1 33.4 48.2 67.2 49.7 75.0
3D M 84 26.4 21.7 58.8 34.7 64.5 40.9
Total 782 13.6 32.6 49.3 64.6 51.1 72.4
Total 1653 —26.8 73.0 62.2 89.6 67.7 115.6
2D2 H 217 61.3 68.4 36.0 89.5 71.1 112.6
H 132 29.6 21.8 8.8 30.4 30.9 37.4
2D3 M 9 0.2 49.0 23.4 77.2 23.4 91.4
L 105 2.3 54.6 —44.9 74.8 45.0 92.6
C Total 331 12.6 4.7 —4.1 68.0 13.3 81.4
H 20 44.7 5.7 —27.1 12.7 52.3 13.9
3D M 26 44.0 18.5 2.5 25.5 44.1 31.5
L 8 53.6 24.9 -0.5 87.7 53.6 91.2
Total 54 45.7 16.3 —8.9 39.8 46.6 43.0
Total 602 33.1 57.8 9.9 77.1 34.5 96.4

D: Honiara; E: Sydney; C: Nagasaki
H: high; M: nibble; L: low; SD: standard deviation
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Fig. 4.  The mean position and error ellipses of lo.
2D2: two-dimensional positioning with two satellites
2D3: two-dimensional positioning with three satellites
3D: three-dimensional positioning
H: high level; M: middle level; L: low level
D: Honiara; E: Sydney; C: Nagasaki
@: observation position

Table 5. Number of position fixes taken by combination of satellites for each level at Honiara

Combination of Satellites Level Unusable
3 6 9 1 12 13 H M L Total Data

® ® 24 24 188
(] 305 305

2D 2 ) ) 131 131 68
) o 110 110

Total 570 570 256

® : e o0 287 287 1
2D3 ® ® ® 6 100 106
o © ® 2 2

Total 287 8 100 395 11
e o o o 242 242
e o o ) 172 172
e o ® ) 108 108
3D @ © e o 6 6
® e O 4 - 4
[ e o [ ] 4 4

o o o 10 261 271 16
e O o ) 86 3 89

Total 628 268 896 16

2D2: two-dimensional positioning with two satellites; 2D3: two-dimensional positioning with three
satellites; 3D: three-dimensional positioning H: high level; M: middle level; L: low level
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Table 6. Number of position fixes taken by combination of satellites for each level at Sydney
Combination of Satellites Level Unusable
3 6 9 11 12 13 H M L Total Data
o o 226 226
@ o 15 15 35
2D2 o o 40 40
o o 176 176
Total 457 457 35
® e O 225 225
2D3 ® o o 124 124 2
® [ o 49 49
o ® o 16 16
Total 414 414 2
[ ) ] o o 78 78
e O o o 55 55
® o o o 38 38
3D o o { ® 25 25
‘ ® ® ® [ J 18 18
o o o o 273 15 288 29
o o o o 58 58
® o o o 47 ’ 47
® ® o { 133 11 144
[ { { ] o 31 31
Total 698 84 782 29

2D2: two-dimensional positioning with two satellites; 2D3: two-dimensional positioning with three
satellites; 3D: three-dimensional positioning H: high level; M: middle level; L: low level

Table 7. Number of position fixes taken by combination of satellites for each level at
Nagasaki
Combination of Satellites Level Unusable
36 9 11 12 13 H M L  Total Data
® o 17 17
[ o 48 48
[ ] 14 14
o { ] 32 32
2D2 o o 4 4
o o 12 12
o o 90 90 8
Total 217 217 8
® @ o 38 38
o o @ 59 59
] o o 11 42 53 1
2D3 { o o 48 12 60
o o o 30 50 30 1
o ® o 9 5 1 15 2
e O { 26 26
Total 132 94 105 331
o { ] o o 7 21 4 32
] o o o 5 4 9
3D o o o ® 13 13
Total 20 26 8 54 5

2D2: two-dimensional positioning with two satellites; 2D3: two-dimensional positioning with three

satellites; 3D: three-dimensional positioning H: high level; M- middle level; L:

low level
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Table 8. The mean values and standard deviation of D. lat, Dep and Distance by ‘¢ombination of
satellites for each level at Honiara and Sydney (unit in ‘meter)

. . . Combination Di lat Dep Distance
Dimension Level - - - s
Satellite No. Mean SD - Mean SD Mean SD
313 —80.2  33.7 58.0  45.5 99.0  56.6
2D2 H 6«11 —29.6 43.1 398.4 211.4 399.5 215.7
‘ 6 -13 68.8 23.8 193.9  53.1 205.7  58.2
» H 3+12-13 —6.9 40.1 34.3  35.7 35.0  53.7
D 2D3 L 6 +11-13 25.7 30.9 180.6  109.7 182.4 114.0
) 3+6-9-11 28.3 7.7 38.4 16.0 47.7 17.8
H 3+6-9-13 9.0 10.3 26.0 14.4 27.5 17.7
3D 0 3.6+11-13 18.8 4.0 34.1 6.7 38.9 7.8
M 3+9+12-13 15.6 45.6 13.3  85.3 20.5  98.8
2D2 H 3 +13 —181.3 42.5 75.1  57.1 196.2  71.2
9-12 —37.6 36.2 162.8  68.5 167.1  77.5
E 2D3 H 3+12-13 —25.7 19.3 —-1.5 25.9 25.7  32.3
. 6+9-11 —16.8 4.9 68.4  37.0 70.4  37.3
3D H 3+9-11-13 22.7 48.4 49.1 103.8 54.1 114.5
6+9-11-13 —7.4 6.4 49.9 16.4 50.4 17.6

H: high level; M: middle level; L: low level
D: Honiara; E: Sydney; SD: standard deviation
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