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Accuracies of Position Fixes Obtained by GPS-VI
The Observation at Foreign Fixed Stations (2)

Toshiyuki Kuno, Masaji Gopa, and Shigekatsu NAKANE

We have measured the usable time and got position fixes from overseas fixed
stations for the past three vears in order to evaluate the positioning accuracy -of
GPS.

We were able to receive positioning signals from only 6 satellites until 1989, but
in October 1990, 15 GPS satellites became available. And the orbits of satellites have
been corrected.

The usable time was 7~9 hours until 1989, but it came to be more than 18 and
a half hours in 1990. Then we were generally able to get position fixes by
3D(three-dimensional positioning) and the high level of 2D3(two-dimensional
positioning with three satellites). Therefore, position fixes of 2D2(two-dimensional
positioning with two satellites) became hardly necessary.

The accuracy of position fixes went down once in 1989. In 1990, the standard
deviations of D. lat(difference of latitude) and Dep(departure) were kept less than
45 meters. We may conclude that in spite of selective availability, the accuracy has
been improved owing to the increasing number of GPS satellites and the correction

19

of thier orbits.
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Table 1.. Observation positions (WGS-84)
Station
Year Date Latitude Longitude

Harbor Code

Apra A88 1988 24th ~ 25th Aug. 137 27.608' N 144° 39913 E
Apra A9 1989 24th ~ 25th Aug. 2137 27592 N 144° 30917 E
Apra A90 1990 31th Aug. ~ Ist Sep. 13° 27.767 N 144° 39.023 E
Honiara H88 1988 16th ~ 20th Nov. 9" 25.744 S 159° 57.581" E
Rabaul R90 1990 14th ~ 16th Nov. 412396 S 152° 10902 E
Sydney S88 1988 27th Nov. ~ 1st Dec. 33° 52018 S 151° 11.772' E
Sydney S89 1939 27th Nov. ~ 1st Dec. 33° 51996 S 151° 11832 E
Sydney S90 1990 26th ~ 29th Nov. 337 51984 S 151° 11.781' E
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Fig. 1. Elevation angle of satellites observed at
Apra and Honiara. The codes of these
figures are shown for Table 1. Arabic
numerals are satellite numbers.
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Table 2. The usable time and the ratio of each level

o 02 203 3D Total

. ‘

¢ H M L T H M L T H M L T H M L T

g Time () 250 0-05 = 255 188 046 027 251 104 029 0-12 145 532 120 089 731
Percentage (%) 38 1 - 3% 2 10 6 38 14 6 3 23 1 17 9 100

Time (h-m) 4-32 0-30 0-06 5-08 0-52 0-44 0-31 2-07 0-59 0-33 0-33 2-05 6-23 1-47 1-10 9-20

A8 Percentage (%) 49 5 1 5 9 3 6 23 10 6 6 22 63 19 1_3 100
A90 Time (h-m) 0-05 — — 0-05 3-55 0-10 0-03 4-08 12-01 1-27 1-03 14-31 16-01 1-37 1-06 18-44
Percentage (%) 04 - - 04 21 1 03 22 64 8 6 78 8 9 6 100
Hss Time (h-m) 326 — — 32 1-13 002 0-26 1-41 2-37 1-11 — 3-48 7-16 1-13 0-26 8-55
Percentage (%) ¥ - - B U 1 5 20 29 18 - 42 8 14 5 100
R90 Time (h-m) 0-02 - — 0-02 2-28 0-01 0-01 2-30 16-32 0-47 0-18 17-37 19-02 0-48 0-19 20-09
Percentage (%) 0.2 — - 02 12 01 01 12 82 4 2 88 04 4 2 100
88 Time (h-m) 2-03 - ~ 2-03 1-44 - — 144 3-02 0-21 - 323 649 0-21 - 7-10
Percentage (%) 29 - - 29 24 - - 24 4 5 - 47 95 5 — 100
89 Time (h-m) 126 - - 12 1-33 - — 1-33 3-27 021 — 3-486—26 021 — 6-47
Percentage (%) 20— - 21 23 - = 23 5 5 - 5% 9 5 - 100
90 Time (h-m) - = = — 353 040 — 4-33 13-26 2-00 0-08 15-34 17-19 2-40 0-08 20-07

Percentage (%) - - - = 2 3 — 23 66 10 1 7 8 13 1 100

The codes are shown for Table 1.

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. 3. Elevation angle of satellites observed at Apra, Rabaul and Sydney.
The codes of these figures are shown for Table 1.
Arabic numerals are satellite numbers.
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Table 3. The number of data and the ratio of usable data in different observation positions

. . ‘Number of Data Percentage
Code Dimension — - 0
Total Eliminated Rejected Used (%)
2D2 175 9 21 145 82.9
AS8 2D3 171 0 0 171 100.0
3D 105 0 0 105 100.0
Total 451 9 21 421 933 _______
2D2 308 232 0 76 24.7
A89 2D3 127 11 5 111 87.4
3D 125 5 0 120 96.0
Total 560 248 5 ‘ 307 548 7777777
2D2 5 0 0 5 100.0
A90 2D3 248 0 22 226 91.1
3D 871 0 9 862 99.0
Total 1124 0 31 1093 97.2
2D2 826 166 90 570 69.0
188 2D3 406 10 1 395 97.3
3D 912 13 896 93.2
Total 2144 189 94 1861 86.8
2D2 4 4 0 0 0.0
R0 2D3 299 0 3 296 99.0
3D 2114 0 10 2104 99.5
Total 2417 4 13 2400 99.3
2D2 492 17 18 457 92.9
588 2D3 416 1 1 414 99.5
3D 811 15 14 782 96.4
Total 1719 33 33 1653 96.2
2D2 345 0 38 307 89.0
S89 2D3 371 0 1 370 99.7
3D 912 0 912 100.0
Total 1628 0 39 1589 97.6
2D2 nil nil
S90 2D3 821 0 49 772 94.0
3D 2803 0 71 2732 975
Total 3624 . 0 120 3504 96.7

The codes are shown for Table 1.

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

3D : three-dimensional positioning
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Table 4. The number of eliminated data in different observation positions

] Error 2D2 2D3 3D Total
Code
(NM) H M L T H M L T H M L T H M L T
A88 1~2 ) 4 5 T 9 0 0 0 0 0 0 0 0 4 5 0 9
1~ 2 115 5 4 124 0 0 11 1 0 0 0 0 115 5 15 13
2~ 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A89 3~ 5 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0
5~10 49 0, 0 49 0 0 0 0 0 0 0 0 49 0 0 49
10~ 39 18 2 5 0 0 0 0 0 0 5 5 39 18 7 203
Total 203 23 6 232 0 0 11 11 0 0 5 5 203 23 22 248
A90 1~ 0 - = 0 0 0 - 0 0 0 0 0 0 0 0 0
1~ 2 0 - 1 0 0o 1 0 5 - 5 .9 5 0 14
2~ 3 9 0 - 9 6 0 0 6 0 6 - 6 15 6 0 21
Hs8 3~ 5 2 0 - 2 0 0 0 0 0 2 - 2 2 2 0 4
5~10 64 1 - 65 3 0 0 3 0 0o - 0 - 67 1 0 68
10~ - 80 2 - 82 0 0 0 0 0 0 - 0 80 2 0 82
Total 163 3 — 166 10 0 0 10 0 13 — 13 173 16 0 189
ROD 10~ 4 — - 4 0 0 0 0 0 0 0 0 4 0 0 4
1~ 2 17 - - 17 1 - = 1 0 0o - 0 18 0 - 18
2~ 3 0 - - 0 0o - - 0 1 0 - 1 1 0 - 1
88 3~ 5 0 - - 0 o - = 0 0 0 - 0 0 0 - 0
5~10 0 - - 0 o - - 0 1 0 - 1 1 0 - 1
10~ 0 - - 0 o - - .0 13 0 - 13 13 0 - 13
Total 17 - - 17 1 - - 1 15 0o — 1 3 0 - 33
S8 1~ 0 - = 0 0 - =0 0 0o 0o 0 0o 0o o 0
S90 1~ - = = - 0 0 - 0 0 0

The codes are shown for Table 1.

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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Table 5. The mean values and standard deviations of D.lat, Dep and Distance for each level (unit in meter)

Code Dimension Level No. of Dlat Dep Distance
Data Mean SD Mean SD Mean SD
2D2 H 145 —1634 311.1 212.1 408.1 267.7 513.2
H 98 60.4 26.1 1495 204 161.2 39.3
2D3 M 46 234 75.0 70.9 125.3 74.7 146.0
A88 L 27 —96 89.0 50.4 219.2 51.3 231.1
H 64 50.8 15.8 154.6 65 162.7 17.1
3D M 29 52.8 21.9 154.2 13.3 163.0 25.6
L 12 -7 55.1 32.3 141.3 332 151.7
e H 69 41 92.0 517.2 502.1 517.2 5105
M 7 —412.7 3755 1310.3 665.9 1373.8 764.5
H 50 —15.2 9.6 188.0 1934 188.6 215.7
A9 2D3 M 44 —94.1 191.6 —113.7 5779 147.6 608.8
L 17 53.8 206.4 371.3 7334 375.2 761.9
H 59 —1246 229 69.7 141.8 142.8 143.6
3D M 33 —1235 97.7 108.2 317.4 164.2 3321
L 28- —2214 206.1 516.3 656.6 561.8 688.5
2D2 H 5 55.1 114 153.4 39 517.2 510.5
903 H 218 82.1 16.g 161.1 147 169.5 29.4
A% M 8 472 321 128.0 275 104.4 324
H 721 76.5 116 163.1 113 142.8 143.6
3D M 33 78.3 22.2 166.7 16.2 164.2 332.1
L 28 79.0 18.7 192.4 234 561.8 688.2
2D2 H 570 —31.2 77.7 158.1 180.6 161.1 196.6
H 287 —69 40.1 343 35.7 35.0 53.7
188 2D3 M 8 —38 37.1 925 137.6 92.6 142.5
L 100 25.7 30.9 180.6 109.7 182.4 114.0
D H 628 19.3 12.1 34.0 156 39.1 19.7
M 268 16.1 45.2 134 84.2 20.9 9.6
2D3 H 204 283 29.1 —650.6 15.8 651.2 331
R90 H 1983 51.1 31.4 —639.1 23.0 641.1 389
: 3D M 88 40.4 35.1 —642.6 25.2 643.9 432
L 33 42.1 445 —659.2 30.1 660.5 53.7
2D2 H 457 —99.7 95.4 98.8 125.7 1404 157.8
- 2D3 H 414 —229 165 46.1 68.5 51.5 70.5
3D H 698 12.1 334 482 67.2 49.7 75.0
M 84 264 21.7 58.8 34.7 64.5 409
2D2 H 307 —104 54.7 84.0 144.0 84.6 154.0
589 2D3 H 370 223 28.3 61.9 28.0 65.8 39.8
D H 826 15.8 41.9 53.1 53.9 55.4 68.3
M 86 53.8 55.5 66.6 50.7 85.6 75.2
oD3 H 676 - —26 12.0 52.0 13.3 52.1 17.9
M 71 —41 52 52.2 25.1 52.4 256
590 H 2382 -6.9 12.0 50.4 113 50.9 165
3D M 334 —41 14.1 51.2 14.0 51.4 . 199
L 15 -10.7 26.4 58.4 274 59.4 38.0

The codes are shown for Table 1.

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; SD: standard deviation
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Fig. 4. The mean position and error ellipses of 1o at Apra.
The codes of these figures are shown for Table 1.
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

@ : observation position

open circle and solid line: 3D; solid circle and dotted line: 2D3

square and broken line: 2D2
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Fig. 5. The mean position and error ellipses of 1o at Sydney.
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The codes of these figures are shown for Table 1.

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

@ : observation position

open circle and solid line: 3D; solid circle and dotted line: 2D3

square and broken line: 2D2
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Fig. 6. The mean position and error ellipses of 1o
at Honiara and Rabaul. The codes of these
figures are shown for Table 1.
2D2: two-dimensional positioning with
two satellites
2D3: two-dimensional
three satellites
3D : three-dimensional positioning
H: high level; M: middle level; L: low
level
& : observation position
open circle and solid line: 3D ; solid circle
and dotted line: 2D3; square and broken
line: 2D2
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