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Accuracies of Position Fixes Obtained by GPS—II
Simultaneous Observation at Two Fixed Stations

Masaji Gopa, Toshiyuki Kuno and Shigekatu NakaNe

Simultaneous measurements were taken at two fixed stations in Nagasaki in
order to evaluate the positioning accuracy of GPS for ten days in Jan., 1987.

We received positioning signals from 6 satellites. The usable time at these
stations was about 4.5 hours, 2 hours less than for the results reported in our
previous paper. Two and three dimensional high level positioning accounted
for 13~14% of the total time, i. e. about 40 minutes.

The positioning errors at Nagasaki University agreed with the results of
our previous reseach. Even the positioning error of 2L (two-dimensional low
level positioning), which was largest, was only about 167 meters. The posi-
tioning errors at Nagasaki maru were large, and the largest positioning error
of 2L was about 281 meters.

As the data for high level positioning were few, we could not compare it in
full with the positioning accuracy of combinations of satellites. Though the
two fixed stations were quite near (about 9 kilometers), the combination of
satellites or the number of satellites on positioning varied from observation
to observation.

The displacement of the two fixed stations on positioning at the same time
varied from moment to moment and there were many cases in which the direc-

tion or the distance of the displacement did not agree.

Key words : RIEHIE simultaneous observation ; BIfI ] usable time ; 2IRTT
HHL two-dimensional positioning ; 3R JLHI AL three-dimensional posi-

tioning ; PDOP position dilution of precision
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Fig. 1. The usable time of each satellite and the method of

position fixing in Jan. 1987.

2D : two-dimensional positioning ; 3D : three-dimen-
sional positioning

A : Nagasaki University ; B : Nagasaki maru

Table 1. The usable time and the ratio of each level of 2D and 8D

2 D 3 D Tota
H M L T H M L T H M L T
Time 0—35 1—46 1—15 3—36 0—03 0—10 0—44 0—57 0—38 1-56 1—59 4—33
(h-m) ‘
A
Percentage 13 39 27 79 1 4 16 21 14 43 43 100
(%)
Time 0—31 1—32 1—17 3—20 0—05 0—16 0—57 1—18 0—36 1—48 :i—14 4-—38
(h-m)
B
Percentage 11 33 5 72 2 6 20 28 13 39 48 100
(%6

A : Nagasaki Univ. ; B: Nagasaki maru

2D : two-dimensional positioning ; 8D : three-dimensional positioning

H: high level ; M : middle level ; L : low level ; T: total
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Table2. The mean values and standard deviations of D. lat, Dep and Distance for each level of 2D and 3D (unit in meter)

No. of D. lat Dep Distance
Dimension Level Data
Mean SD Mean SD Mean SD
H 39 0.1 28.4 21.6 50.6 21.7 58.0
2D M 131 19.9 65.6 15.7 88.7 254 110.3
L 85 —11.0 85.1 16.1 120.8 19.5 147.7
Total 255 6.6 70.1 16.7 96.1 18.0 119.0
A H 6 —4.9 21.7 30.6 51.6 31.3 55.9
3D M 13 —10.4 ‘ 28.9 37.6 56.7 39.1 63.6
L 54 —3.9 53.3 —3.4 87.5 5.2 102.4
Total 73 —5.1 47.7 6.7 81.6 8.5 94.5
Total 328 4.0 65.9 14.5 93.1 15.0 114.1
H 37 —6.6 48.6 30.8 78.9 31.7 92.6
2D M 115 21.2 92.9 55.6 112.6 59.4 146.0
L 94 —2.8 127.2 50.4 192.1 50.6 230.4
Total 246 7.8 103.3 49.9 144.5 50.4 177.6
B H 6 —8.6 21.6 20.3 39.4 22.0 45.0
3D M 22 —24.1 45.4 46.5 47.5 524 65.8
L 65 2.4 774 7.6 136.1 7.8 156.6
Total 93 —4.6 69.2 17.6 117.3 18.1 136.3
Total 339 44 95.2 41.0 138.2 411 167.8

A': Nagasaki Univ.; B: Nagasaki maru
H: high: M : middle; 1: low: SD: standard deviation
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Fig. 2. The mean position and error ellipses of 1 &.
2D : two-dimensional positioning ; 3D : three dimen-
sional positioning
H: high level : M : middle level ; L : low level
A : Nagasaki Univ. (Jan. 1987); B: Nagasakimaru
C: Nagasaki Univ. (Dec. 1986)
@: observation position
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Fig. 3. Triangles by the mean position for each level of 2D
and 3D.
@: observation position
O : high level of 3D (three-dimensional positioning) ;
[1: middle level of 3D ; A : low level of 3D ;
@ : high level of 2D (two-dimensional positioning) ;
M : middle level of 2D ; A : low level of 2D
A : Nagasaki Univ. (Jan. 1987) ; B.: Nagasakimaru ;
C: Nagasaki Univ. (Dec. 1986)
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Table 3. Number of position fixes taken by combination of
satellites at each level on Nagasaki University
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Table4. Number of position fixes taken by combination of
satellites at each level on Nagasaki maru

Conbination of Satellites Level Conbination of Satellites Level
3 6 9 11 12 13 H M L Total 3 6 9 11 12 13 H M L Total
[ 2 BN J 38 4 3 40 ® 6 0 28 2 2 32
o @ ® 1 7 6 14 { 2N ] ® 7 8 15
[ I [ ] 2 2 ® ® @ 5 10 2 17
[ o0 3 14 1 18 ® o ® 5 84 39
@ [ 5 5 2 D o 00 3 6 9
2D @ ® ® 7 81 38 [ 3N ® 72 42 114
[ J o 1 1 e @ ® 19 19
® o o 8 8 ® 0 ® 1 1
{ BN ] ® 72 36 108
[ 2N ] ) 21 21 Total 37 115 94 246
Total 30 131 8 255 o o 6 o0 8 52 60
[ I I ® 2 2
® o0 O 3 44 47 @ 060 ® 2 2
oo [ I J 3 2 5 3 D [ I ) (-] 2 2
[ 3N ] o o 12 3 ® e o0 2 10 8 20
3 D @ ® 00 2 5 15 ® e o 2 2 3 7
® ® 0 ® 1 1
e o o0 1 1 Total 6 13 54 73
[ e 00 1 1
2D: two-dimentional positioning; 3D: three-dimensional
Total 6 13 54 73

2D : Two-dimensional positioning : 3D : Three-dimensionol
positioning H : high; M : middle; L : low

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

*1 GPS OHMFAL L CIGHICBET 3 v v R Uy A5G

BEA 1 fh1% (1987): GPS HIRIIc RiE T BEE O S

) BEYVYFL—vay
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Table5. The mean values and standard deviations of D. lat, Dep and Distance by combination of satellites at each level of
2D and 3D at Nagasaki University in Jan., 1987 (unit in meter)

No. in Conbination D. lat Dep Distance
Dimension Level Fig. 4 -
Satellite No. Mean SD Mean SD Mean SD

High 1 . 3+* 6 9 1.0 26.6 13.9 50.8 13.9 57.3

2 3¢ 911 —20.4 72.3 18.0 ‘ 75.7 27.2 104.7

2 D Middle 3 6 9°12 22.6 37.8 25.2 98.0 33.9 104.9

4 6 913 60.8 74.9 —24 68.3 60.7 101.3

Low 5 3-11-13 —40.1 103.3 —3.1 714 40.2 129.1

3 6 912 27.5 52.1 10.3 140.3 29.3 149.5

3 D Low 1 3¢ 6° 9°11 0.7 50.1 —16.2 83.8 16.1 97.6

SD: standard deviation

Table6. The mean values and standard deviations of D. lat, Dep and Distance by combination of satellites at each level of
2D and 8D at Nagasaki maru (unit in meter)

No. in Conbination D. lat Dep Distance
Dimension Level Fig. 4
Satellite No. Mean SD Mean SD Mean SD

High 1 3« 6+ 9 —10.9 50.1 25.3 86.1 274 99.7

2 3+ 911 —135.2 72.5 91.9 1124 163.5 133.8

2 D Middle 3 6+ 9¢12 15.3 42.5 66.1 104.9 67.8 113.1
4 6+12+13 100.7 78.3 —23.2 88.2 103.3 117.9

Low 5 3+11+13 19.0 157.3 48.7 140.7 52.2 211.0

3 6+ 9+12 13.8 87.9 34.7 224.9 374 241.4

3 D Middle 2 3+ 9-11+12 —22.2 35.4 73.2 36.1 76.7 50.6
Low 1 3+ 6+ 911 8.0 73.5 —13.3 120.7 15.6 141.2

SD: standard deviation
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Fig. 4. Distribution of position fixes obtained by combina-
tion of satellites.
@: observation position
[J: middle level of 3D (three-dimensional position-
ing);
A low level of 3D ; @ : high level of 2D (two-di-
mensional positioning)
M : middle level of 2D ; A : low level of 2D
A : Nagasaki Univ. (Jan. 1987) ; B : Nagasaki maru
Numbers refer to combinations shown in Tables 5
and 6
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A : Nagasaki Univ. (Jan. 1987) ; B: Nagasaki maru
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Fig. 6. The change of displacement with time.
[J: middle level of 3D (three-dimensional position-
ing) ;
A low level of 3D; @: high level of 2D (two-di-
mensional positioning)
B : middle level of 2D’; A : low level of 2D
A : Nagasaki Univ. (Jan. 1987) ; B: Nagasaki maru
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