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Accuracies of Position Fixes Obtained by GPS-IX

Simultaneous Observation at Fixed Stations

in the Northern and Southern Hemisphéres

Takashi AosHIMA, Toshiyuki KuNo,

Masaji GobA and Shigekatsu NAKANE

In order to evaluate the positioning accuracy of GPS, we have analyzed position fixes by means of

simultaneous observations at two fixed stations in the Northern and Southern Hemispheres in autumn for the past
three years. We were able to receive positioning signals from 16 satellites in 1991, 19 in 1992 and 23~24 in 1993. In
the result, Position Dilution of Precision (PDOP) improved, and then the proportion of high-level position fixes by 3D
(three-dimensional positioning) increased. The error of position fixes were about 40m~60m through the past three

years, so we may consider this system is nearing completion.
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Table 1 Observation positions (WGS-84)

Station Y Dat Latitud Longitud
Harbor Code ear ate atitude ongitude
Nagasaki No1 1991  27th Nov.~30th Nov. 32°47.163' N 129°51.935'E
Nagasaki  N92 1992  17th Nov.~18th Nov. 32°47.163' N 129°51.935'E
Nagasaki N93 1993  23rd Nov.~27th Nov. 32°47.163' N 129°51.935"E
Auckland A9l 1991  26th Nov.~29th Nov. 36°50.354' S 174°45.930'E
Auckland A92 1992  20th Nov.~24th Nov. 36°50.556" S 174°46.151'E
Auckland A93 1993  22nd Nov.~26th Nov. 36°50.573° S 174°46.076' E
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Table 2 The No. of satellites

Code No. of satellites Total
2, 3, 6 11, 12, 13, 14, 15, 16, 17,

NOL e 19, 20, 21, 23, 24, 16

Noz 2 & 11,12713714, 15, 16, 17, 18,

19, 20, 21, 23, 24, 25, 26, 27, 28,

1, 2, 3, 4, 5 7,12, 14, 15, 16,
N93 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 24
27, 28, 29, 31

2, 3, 6, 11, 12, 13, 14, 15, 16, 17,
AL e 19, 20, 21, 23, 24, 16

2, 3, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 23, 24, 25, 26, 27, 28,

1, 2, 4, 5, 7, 12, 14, 15, 16, 17,
A93 18, 19,.20, 21, 22, 23, 24, 25, 26, 27, 23
28, 29, 31

A92 19

Table 3 The number of data and the ratio of used data

Number of data Percentage
Code —— - - of used data
Dimension Observation(%) Rejected Used 9%
2D 578( 20.4) 19 559 96.7
NIl 3D  2262( 79.6) 81 2181 96.4
Total 2840 100 2740 96.5
2D 7( 0.5) 0 7 100.0
N92 3D 1515( 99.5) 24 1491 98.4
Total 1522 24 1498 98.4
2D nil - nil -
N93 3D  3208(100.0) 43 3165 98.4
Total 3208 43 3165 98.4
2D 294( 8.2) 6 288 98.0
A91 3D 3274( 91.8) 56 3218 98.3
Total 3568 62 3506 98.3
2D 129( 3.1) 0 129 100.0
A92 3D 4008( 96.9) 63 3945 98.4
Total 4137 63 4074 98.5
2D 4C 0.1) 0 4 100.0
A93 3D 3410( 99.9) 66 3344 98.1
Total 3414 66 3348 98.1

2D : Two-dimensional positioning ; 3D : Three-dimensional posi-

tioning.

Table 4 The mean values and standard deviations of D. lat, Dep and Distance for each level (unit in meter)

Code Dimension Level No. of Percentage D. lat Dep Distance
Data (%) Mean SD Mean SD Mean  Direction
H 543 19.8 2.7 34.7  40.0  25.9  40.1 86.1°
2D M 13 0.5 16.5  21.9  100.8 7.3 102.1 80.7°
L 3 0.1 5.0 77.5 - 77.7 86.3°
N9l H 1950 71.2 5.6  28.8  43.0  31.7  43.4 82.6°
3D M 157 57  10.5  39.2  41.6  40.1 42.9 75.8°
L 74 2.7 2.8 43.7  50.1 43.2  50.2 86.8°
Total 2740 100.0 5.4 31.3  43.0  31.7  43.3 82.8°
2D H 7 0.5 —17.4 215 32.5  122.3°
H 1474 98.4 9.1 25.7  47.7  26.8  48.6 79.2°
N92 3D M 14 0.9 —14.7  31.6  37.5  25.5  40.3 111.4°
L 3 0.2 -67.3 28.2 73.0 157.53°
Total 1498 100.0 8.6  26.2  47.5  26.8  48.3 79.7°
N93 3D H 3165 100.0 5.9  28.8  46.4  25.1 46.8 82.8°
2D H 287 8.2 252  39.0 41.7  28.5  48.7 58.9°
M 1 - 0.2 — 43.4 - 43.4 89.7°
A9l H 3129 89.2 15.4  31.3  46.9  23.0  49.4 7.8
3D M 47 1.3 17.4  28.1  47.7  35.7  50.8 70.0°
L 42 1.2 9.2 44.2  53.0  22.3  53.8 80.2°
Total 3506 100.0  16.1 32.5  46.4  23.9  49.1 70.9°
2D H 128 3.1 —14.5  60.7  33.3  46.0  36.3 113.5°
M 1 — —13L.5 - —13.9 — 1322 186.0°
A92 H 3889 9.5 —1.1 3.8 39.6  23.1 39.6 91.6°
3D M 55 1.4 8.0 542 243 30.1 25.6 71.8°
L 1 - 20. 4 - 51.3 - 55.2 68.3°
Total 4074 100.0 —1.0  35.8  39.4  24.0  39.4 91.5°
2D H 1 - 172.4 —  109.4 - 204.2 32.4°
M 3 0.1 —66.5 - 56.1 - 87.0 139.8°
A93 H 3318 99.1 26.2  32.5  57.8  24.4  63.5 65. 6°
3D M 21 0.6 31.0 8.0  67.9  33.5  74.6 65.5°
L 5 0.2 7.2 49.5 50. 0 81.7°
Total 3348 100.0  26.2  33.3  57.8  24.5  63.5 65.6°

2 D : Two-dimensional positioning; 3 D : Three-dimensional positioning; H : High; M : Middle; L : Low;
(+) :Northerly or Easterly; (—) :Southerly or Westerly; S D : Standard deviation.
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Table 5 The mean values and standard deviations of D. lat, Dep and Distance for each level

(unit in meter)

D. lat

No. of Percentage Dep Distance
Code P DOP Data %) Mean SD Mean SD Mean  Direction
1 11 0.6 16.4 - 60.1 — 62.3 74.7°
2 858 44.0 9.1 24.3 45.3 26.5 46.2 78.6°
NIl 3 724 37.1 1.0 27.4 40.8 34.2 40.8 88.6°
4 293 15.0 8.5 38.1 43.8 37.8 44.6 79.0°
5 64 3.3 4.5 42.0 32.2 34.9 32.5 98.0°
Total 1950 100.0 5.6 28.8 43.0 31.7 43.4 82.6°
1 48 3.3 8.6 13.9 50.7 30.5 51.4 80.4°
: 2 1073 72.8 9.8 25.4 49.3 26.6 50.3 78.8°
N92 3 297 20.1 6.6 26.3 42.2 26.1 42.7 81.1°
4 38 2.6 7.4 35.2 43.1 23.7 43.7 80.3°
5 18 1.2 12.3 — 43.7 - 45. 4 74.3°
Total 1474 100.0 9.1 25.7 47.7 26.8 48.6 79.2°
1 155 4.9 8.6 23.4 46.9 24.5 47.7 79.6°
2 2588 81.8 5.9 28.6 46. 4 24.6 46.8 82.8°
N93 3 410 12.9 4.3 32.2 46.1 28.6 46.3 84.7°
4 12 0.4 19.5 - 38.6 — 43.2 63.2°
5 0 —
Total 3165 100.0 5.9 28.8 46.4 25.1 46.8 82.8°
1 12 0.4 6.1 . - 53.0 - 53.3 96.6°
2 1229 41.5 13.7 25.9 48.8 22.1 50.7 74.3°
A91 3 1280 40.9 15.0 34.2 47.1 23.8 49.4 72.3°
4 427 13.7 19.9 36.0 42.5 22.9 46.9 64.9°
5 111 3.5 23.7 33.2 39.0 19.9 45.6 58.7°
Total 3129 100.0 15.4 31.3 46.9 23.0 49.4 71.8°
1 2 0.1 33.3 - 49.8 — 59.9 56.2°
2 2212 56.9 -3.3 32.3 39.1 21.9 39.2 94.8°
A92 3 1208 31.1 0.6 36.0 40.7 24.4 40.7 89.2°
4 414 10.6 4.6 39.0 41.6 24.6 41.9 83.7°
5 53 1.3 8.7 57.6 25.1 27.0 26.6 70.9°
Total 3889 100.0 -1.1 34.8 39.6 23.1 39.6 - 91.6°
1 8 0.2 9.2 - 58.7 — 59.4 81.1°
2 2319 69.9 25.9 29.3 58.1 23.2 63.6 66.0°
A93 3 712 21.5 29.4 37.8 58.2 27.3 65.2 63.2°
4 244 7.4 22.1 38.6 54.1 24.9 58.4 67.8°
5 35 1.0 10.2 56.3 54.3 31.7 55.2 79.4°
Total 3318 100.0 26.2 32.5 57.8 24. 4 63.5 65.6°

2 D : Two-dimensional positioning; 3 D : Three-dimensional positioning; H : High; M : Middle; Low;
(+4) :Northerly or Easterly; (—) :Southerly or Westerly; S D : Standard deviation.
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Fig. 1. The mean position and error ellipses of 1¢ in 1991.
N : Nagasaki A : Auckland P :PDOP
@ : Observation position (O : Mean position
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Fig. 2. The mean position and error ellipses of 1¢ in 1992.
N : Nagasaki A : Auckland P :PDOP
@ : Observation position () : Mean position
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Fig. 3. The mean position and error ellipses of 1¢ in 1993.
N : Nagasaki A : Auckland P :PDOP
@ : Observation position () : Mean position



