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Accuracies of Position Fixes Obtained by GPS-IV
The Observation at Three Fixed Stations
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ABSTRACT

We measured the usable time and took position fixes from three fixed stations in
our country in order to evaluate the positioning accuracy of GPS, first, by the differ-
ence in the time of the year and, second, by the difference in location between the
stations.

In the case of the former, the time zone of position fixes varied with the time of the
year and there were a little differences of the accuracies of position fixes except 3H
(three-dimensional high level positioning).

In the case of the latter, there were not obvious locality differences in 3D (three
-dimensional positioning). But the positioning errors and number of data varied on
each level in 2D (two-dimensional positioning), although the positioning errors were
smaller than 0.1 nautical mile. The standard deviations of Dep. (departure) were
larger than that of D. lat. (difference of latitude), and varied widely to the east and the
west. But we observed that the standard deviations were smaller than 100 meters.
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Tablel. Observation positions (WGS—84)
Latitude Longitude

A 41°47.068'N 140°43.564'E

B 34°53.434'N 132°03.718E

Cl1 32°42.300'N 129°50.727E

C38 32°42.316'N 129°50.700'E

A: Hakodate; B: Hamada; C1: Nagasaki (Jan.)
C8: Nagasaki (Aug.)
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Table 2. The usable time and the ratio of each level on 2D and 3D
2 D 3 D Total
H M L T H M L T H M L T
gliffne) 2-25 2-33 2-07 7-10 1-08 0-16 0-15 1-39 3-33 2-54 2-22 8-49
Percentage 30 24 81 13 3 3 19 40 33 27 100
(%)
({‘_‘}5 2-36 1-10 2-55 6-41 1-06 0-35 0-05 1-46 3-42 1-45 3-00 8-27
Percentage g 14 34 79 13 17 1 21 44 21 35 100
(%)
gl‘_‘;‘f) 3-24 1-21 2-29 7-14 1-21 0-22 0-06 1-49 4-45 1-43 2-35 9-03
Percentage g 15 27 80 15 4 1 20 53 19 28 100
(%)
&{‘;‘3 2-12 1-39 1-48 5-39 0-20 0-26 0-13 0-59 2-52 2-05 2-01 6-38
Percentage 35 25 27 85 5 7 3 15 38 32 30 100
(%)

A: Hakodate; B: Hamada; C1: Nagasaki (Jan.); C8 Nagasaki (Aug.)
2D: two-dimensional positioning; 3D: three-dimensional positioning

H: high level; M: middle level; L: low level; T: total
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Table3. The usable time of each level on 2D
and 3D

Observation Date 2D 3D Total

area (h-m) (h-m) (h-m)

1 May24 8-15 0-21 8-36

2 May30 7-06 1-36 8-42

3 Jun.3 6-13 1-54 8-07

1: off the coast of Sioyazaki

2: off the port of Akita

3: the vicinity of the Iki channel
2D: two-dimensional positioning
3D: three-dimensional positioning
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Table4. Comparison between the data of one day’s measurement and those of two days’ mea-
surement in Hakodate and Nagasaki (unit in meter) )
Dimension No. of D. lat Dep
Date Mean SD Mean SD
2D 421 -7.3 35.7 35.0 67.0
1 3D 99 —0.9 16.4 44.1 18.6
A Total 520 —6.0 32.9 36.7 60.9
2D 868 ~11.8 39.4 19.6 68.7
9 3D 176 0.9 13.9 32.6 22.8
Total 1,044 —9.7 36.7 21.8 63.5
2D 333 12.7 43.6 —4.3 64.1
1 3D 54 45.7 16.3 —8.9 39.8
s Total 387 17.3 42.4 —4.9 61.2
2D 687 10.4 51.2 —12.7 77.5
2 3D 95 51.5 16.5 —10.7 39.4
Total 782 15.4 50.2 —12.4 74.0

A: Hakodate; C8: Nagasaki (Aug.)
1. one day’s measurement; 2: two days measurement; SD: standard deviation



Table5. The number of data and the ratio rejected
by over 3¢ in four different observation
positions

) No. of Data Percentage

Demension - 0
Total Rejected Used (%)

2D 430 9 421 2

A 3D 99 0 99 0
Total 529 9 520 2

2D 401 12 389 3

B 3D 106 2 104 2
Total 507 14 493 3

2D 434 26 408 6

C1 3D 109 0 109 0
Total 543 26 517 5

2D 339 6 333 2

Cs8 3D 59 5 54 8
Total 398 11 387 3

A: Hakodate; B: Hamada; Cl: Nagasaki (Jan.)
C8: Nagasaki (Aug.)

2D: two-dimensional positioning

3D: three-dimensional positioning
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Table 6. The mean values and standard deviations of D. lat, Dep and Distance for each level on 2D and 3D
(unit in meter)
Di . Level No. of D. lat Dep Distance
imension ¢ Data  Mean  SD Mean SD Mean SD
H 197 33.7 55.8 88.0 46.2 94.2 72.4
M 77 6.4 127.2 146.6 148.2 146.7 195.3
L 134 79.0 149.3 124.6 181.7 147.5 235.2
Total 408 43.4 111.9 111.1 128.4 119.3 170.3
‘C1 H 81 26.7 22.2 43.5 30.0 51.0 37.3
M 22 55.2 24.0 59.1 51.7 80.9 57.0
L 6 76.6 51.9 42.1 135.8 87.4 145.4
Total 109 35.2 28.8 46.6 45.6 58.4 53.9
Total 517 41.7 100.3 97.5 118.9 106.0 155.6
H 132 29.6 21.8 8.8 30.4 30.9 37.4
M 98 —-2.1 49.7 21.1 71.7 21.2 87.2
L 103 5.2 50.8 ~45.3 68.9 45.6 85.6
Total 333 12.7 43.6 —4.3 64.1 13.4 71.5
C8 H 20 44.7 5.7 —27.1 12.7 52.3 13.9
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 387 17.3 42.4 —4.9 61.2 18.0 74.5

Cl: Nagasaki (Jan.); C8: Nagasaki (Aug.)

H: high; M: middle; L: low; SD: standard deviation
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Fig. 1. The mean position and error ellipses

(16).

2D:two-dimensional positioning
3D:three~dimensional positioning

H: high level; M: middle level; L: low
level

Cl: Nagasaki (Jan. 1988); C8: Nagasaki
(Aug. 1988)

@: observation position
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Fig. 2. The tracks and the usable time of each

satellite in Nagasaki (Jan.). Arabic
numerals (3, 6, 9, 12, 13) show satellite
numbers. Center of the circle is zenith.
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The tracks and the usable time of each

satellite in Nagasaki (Aug.). Arabic

numerals (3, 6, 9, 12, 13) show satellite
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Fig. 5.

The arrangement of combinations of sat-
ellites for each level on 2D.

C8: Nagasaki (Aug. 1988)

H: high level; M: middle level; L: low
level

Each number shows satellite number.
Center of the circle is zenith.

Fig. 4.

Fig. 6.

The arrangement of combinations of sat-
ellites for each level on 2D.

Cl: Nagasaki (Jan. 1988)

H: high level; M: middle level; L: low
level

Each number shows satellite number.
Center of the circle is zenith.

The arrangement of combinations of sat-
ellites for each level on 3D.

Cl: Nagasaki (Jan. 1988)

H: high level; M: middle level; L:
level

Each number shows satellite number.
Center of the circle is zenith.

low
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Table 7. The mean values and standard deviations on D. lat, Dep and Distance by combinations of satellites
for each level on 2D and 3D (unit in meter)
Di . Level Combination  No. of D. lat Dep Distance
rmenston eve Satellite No. Date Mean SD Mean SD Mean SD
High 3613 38 59.2 56.8 59.1 33.1 83.7 65.7
369 29 53.1 36.0 98.2 45.7 111.6 58.2
2D Middle 6912 26 37.6 58.6 161.9 146.9 166.2 158.2
31113 12 —51.5 41.4 —94.3 72.8 107.4 83.7
Cc1 Low 6912 48 34.9 53.2 124.5 155.7 129.3 164.5
3+11-13 29 —-72.7 63.0 —99.0 113.8 122.8 130.1
High 36-9-12 9 43.6 18.8 62.0 35.5 75.8 40.2
3D Middle 369 <12 22 55.2 24.0 59.1 51.7 80.9 57.0
Low 36912 6 76.6 51.9 42.1 135.8 87.4 145.4
High 3613 59 15.9 9.6 —12.2 12.0 ©20.0 15.4
369 38 57.0 8.6 0.2 5.9 57.0 10.4
2D Middle 6912 30 58.0 12.7 —15.1 40.6 59.9 42.5
31113 11 —338.3 9.2 —113.9 20.1 120.2 22.1
C8 Low 6912 50 48.2 20.1 —5.3 48.9 48.5 52.9
3+11-13 41 —=50.1 22.7 —110.1 34.6 121.0 41.4
High 36+9-12 7 47.8 2.0 —15.7 5.9 50.3 6.2
3D Middle 36+ 9 <12 21 51.3 6.3 0.4 28.1 51.3 28.8
Low 3+6-+9-12 4 62.0 4.1 4.2 133.8 62.1 138.1
Cl: Nagasaki (Jan.); C8: Nagasaki (Aug.); SD: standard deviation
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The arrangement of combinations of sat-
ellites for each level on 3D.

C8: Nagasaki (Aug. 1988)

H: high level; M: middle level; L. low
level

Each number shows satellite number.
Center of the circle is zenith.

(lo).

2D:two-dimensional positioning
3D:three-dimensional positioning

H: high level; M: middle level; L: low
level

A: Hakodate; B: Hamada; C: Nagasaki
@: observation position
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Table8.  The mean values and standard deviations of D. lat, Dep and Distance for each level on 2D and 3D
(unit in meter)
. . No. of D. lat Dep Distance
Dimension Level
Data Mean SD Mean SD Mean SD
H 143 2.0 19.6 38.6  48.5 40.4 52.3
M 156 —18.3  25.3 7.8 50.5 19.9 56.5
2D L 122 —15.7  49.8 65.5  87.5 67.5  100.7
Total 421 -7.3  35.7 35.0  67.0 35.8 75.9
A H 68 —3.0 12.4 4.5 11.2 44.6 16.7
M 16 3.3 19.0 31.5  25.7 31.7 32.0
3D L 15 12 26.2 55.4  28.3 55.5 38.6
Total 99 —0.9  16.4 4.1 18.6 4.1 24.8
Total 520 —6.0  32.9 36.7  60.9 37.2 69.2
H 156 —2.0  30.4 55.2  55.5 55.2 63.3
, M 58 —20.9  38.9 8.4  96.7 27.8 104.2
2D L 175 —26.7  34.1 2.0  92.4 37.3 98.5
Total 389 —15.9  35.3 36.6 8.7 39.9 89.0
B H 66  —12.3 155 3.3 12.6 36.4  20.0
M 34 6.1 21.5 7.1 39.6 17.6 45.1
3D L 4 6.6 38.7 23.5 6.6 24.4 39.3
Total 104 —2.8 228 25.0  27.7 25.2 35.9
Total 493 —13.2 335 34.1  73.8 36.6 81.0
H 132 29.6  21.8 8.8  30.4 30.9 37.4
M 98 —2.1  49.7 211 T1.7 21.2 87.2
2D L 103 5.2  50.8  —45.3  68.9 456 85.6
Total 333 12.7  43.6 —4.3  64.1 13.4 77.5
C H 20 44.7 5.7 —27.1 12.7 52.3 13.9
M 26 4.0 18.5 2.5  25.5 44.1 31.5
3D L 8 53.6  24.9 —0.5 877 53.6 91.2
Total 54 45.7  16.3 —8.9  39.8 46.6 43.0
Total 387 7.3 42.4 —4.9 612 18.0 74.5

A: Hakodate; B: Hamada; C: Nagasaki
H: high; M: middle; L: low; SD: standard deviation
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