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Accuracies of Position Fixes Obtained by GPS—1
The Observation at a Fixed Station on the Land

Masaji Gopa, Shigekatsu Nakane and Toshiyuki Kuno

The United States has been developing a GPS (Global Positioning System), and
now We can make use of it too in Japan but the usable time is limited due to the in-
completeness of the system.

We measured the usable time and took position fixes from our fixed station at
Nagasaki in order to evaluate the positioning accuracy for about one month in Dec.
1986.

We received positioning signals from 6 satellites. The usable time at this station
was about 6.5 hours of which high level positioning accounted for 45 % in the first
half of the month but only 17 % in the latter half.

The positioning errors of 3H (three-dimensional high level positioning) , 3M
(three~-dimensional middle level positioning) and 2H (two-dimensional high level
positioning) were smaller than 100 meters. Even the positioning error of 2L
(two-dimensional low level positioning) , which was largest, was only about 181
meters (0.1 nautical mile) . From the practical standpoint, 2L is sufficiently accu-
rate to be used for the positioning of an ordinary ship sailing normally. Until the
system is completed,if Wwe use not only high level but also middle and low level, we
will be able to prolong the usable time.

We measured the positioning signal at ten-minute intervals,so data were not as
full as possible,and the evaluation of the positioning accuracy by combination of
satellites was limited to only partial combinations.The positioning accuracy by com-
bination of satellites (3 6+ 9 - 11) in the case of 3H and combination of satellites
(3+ 11+ 13) on 2H and 2M was good by comparison with other combinations and

these combinations had long usable times.

Key words HIfZEFf usable time; 2 KILMGL two-dimensional positioning; 3K
JCBIHT three-dimensional positioning; PDOP; position dilution of precision;
HEDMAEDHE combination of satellites
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Fig. 1. The usable time of each satellite and the

method of position fixing in Dec. 1986.
2D : two-dimensional positioning;
3D : three-dimensional positioning.
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Table 1. The usable time and the ratio of each level on 2D and 3D

‘2D

3D Total

The first

1-50 200 49 439 1-02 31 09 1-42 252 231 58 6-21
Time half .
(h-m)
Thi:?;ter 51 3-06 1-03 500 19 1-19 11 149 1-10 4-25 1-14 6-49
The first 29 31 13 1B 16 8 2 27 45 40 15 100
Percentage half
(%) The latter
half 12 4 15 73 5 19 3 27 17 6 18 100

2D . two-dimensional positioning;

H : high level; M : middle level; L :low level; T : total
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Table 2. The mean values and standard deviations of D. lat and Dep for each level on 2D and 3D

D. lat Dep
. . No. of
Dimension Level Data Mean SD Mean SD
NM (Meter) NM (Meter) NM (Meter) NM (Meter)
H 206 —0.0055 (10.2) 0.0246 ( 45.6) 0.0227 (42.0) 0.0213 ( 39.4)
M 393 0.0102 (18.9) 0.0337 ( 62.4) 0.0057 (10.6) 0.0421 ( 78.0)
2D L 128 0.0039 ( 7.2) 0.0489 ( 90.6) 0.0119 (22.0) 0.0698 (129.3)
Total 721 0.0047 ( 8.7) 0.0353 ( 65.4) 0.0116 (21.5) 0.0446 ( 82.6)
H 103 —0.0025 ( 4.6) 0.0087 ( 16.1) 0.0147 (27.2) 0.0075 ( 13.9)
M 148 0.0043 ( 8.0) 0.0188 ( 34.8) 0.0070 (13.0) 0.0148 ( 27.4)
3D L 25 0.0018 ( 3.3) 0.0568 (105.2) —0.0071 (13.1) 0.0335 ( 62.0)
Total 276 0.0016 ( 3.0)  0.0225 ( 41.7)  0.0086 (15.9)  0.0166 ( 30.7)
Total Total 1003 0.0038 ( 7.0) 0.0323 ( 59.8) 0.0108 (20.0) 0.0390 ( 72.2)
H: high; M :middle; L :low; SD:standard deviation; NM : nautical mile
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Fig. 3. Distribution of position fixes obtained by GPS
at each level on 2D and 3D.
L @  observation position; @ . mean position of
3D (three-dimensional positioning)
— — @ . mean position of 2D (two-dimensional
positioning)
O : high level of 3D; (] : middle level of 3D;
Standard 2 low level of 3D ,
Deviation Displacement @ : high level of 2D; H : middle level of 2D;
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Fig. 2. The mean displacement (segment of a line with
a circle) from the observation position (origin)
and standard deviations of difference of lati-
tude (D.at:vertical axis) and departure
(Dep:horizontal axis).
2D : two-dimensional positioning;
3D : three dimensional positioning
H : high level; M : middle level; L : low level
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Table 3. Number of position fixes taken by combination
of satellites at each level

Combination of Satellites Level
3 6 9 1n 12 13 H M L Total
® o o 22 22
o o [ ] 731 31 175
[ ] e © 50 9 5 64
[ ] o o 21 8 29
® [ J [ ] 30 84 8 122
2 e o o 5 2 2 9
o © [ J 1 162 82 245
o o [} 57 57
o @ [ J 4 4
Total 206 393 128 27
e o o o 37 146 19 202
o © o o 29 29
o o [ ] [ 15 15
L] e 0 o 15 15
n @ o o ° 7 7
[ ] e O o 1 4 5
[ ] o o o 1 1
® & o o 1 1 2
Total 103 148 25 276

2D : two-dimensional positioning; 3D : three-dimensional positioning
H:high; M:middle; L:low
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Fig. 4-1. The mean displacement (segment of a line
with a circle) from the observation position
(origin) and standard deviations of differ-
ence of latitude (D.latwvertical axis) and de-
parture (Dep:horizontal axis) by combina-
tion of satellites (Arabic numerals are satel-
lites number) at High level.
2D : two-dimensional positioning;
3D : three-dimensional positioning
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Fig. 4-2. The mean displacement (segment of a line
with a circle) from the observation position
{origin) and standard deviations of differ-
ence of latitude (D.lat:vertical axis) and de-
parture (Dep:horizontal axis) by combination
of satellites (Arabic numerals are satellites
number) at Middle level.
2D : two-dimensional positioning;
3D : three~dimensional positioning
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Table 4. The mean values and standard deviations of D. lat and Dep by combination of satellites
at each level on 2D and 3D

Combination D. lat Dep
. . No. in
Dimension Level Fig. 5 Satellite Mean SD Mean SD
Number NM (Meter) NM (Meter) NM (Meter) NM (Meter)
1 3-6-9 —0.0096 (17.8) 0.0128 ( 23.7) 0.0182 (33.7) 0.0223 ( 41.3)
2 3-6-11 —0.0040 ( 7.4) 0.0194 ( 35.9) 0.0269 (49.8) 0.0256 ( 47.4)
High 3 3-9-11 —0.0222 (41.1) 0.0225 ( 41.7) 0.0193 (35.7) 0.0122 ( 22.6)
4 3-11-12 0.0190 (35.2) 0 0295 ( 54.6) 0.0304 (56.3) 0.0189 ( 35.0)
5 3-11-13 0.0027 ( 5.0) 0.0267 ( 49.4) 0.0171 (31.7) 0.0204 ( 37.8)
2D 2 3611 —0.0051 (9.4) 0.0291 ( 53.9) 0.0305 (56.5) 0.0387 (71.7)
Middl 5 3-11-13 0.0014 ( 2.6) 0.0372 ( 68.9) 0.0134 (24.8) 0.0356 ( 65.9)
radie [§ 6-9-12 0.0193 (35.7) 0.0170 ( 31.5)  —0.0085 (15.7) 0.0446 ( 82.6)
7 6-9-13 0.0295 (54.6) 0.0379 ( 70.2) 0.0005 ( 0.9) 0.0366 ( 67.8)
Lo 2 3-6-11 0.0022 ( 4.1) 0.0694 (128.5) 0.0287 (53.2) 0.0678 (125.6)
w 6 6-9-12 0.0110 (20.4) 0.0281 ( 52.0) 0.0034 ( 6.3) 0.0729 (135.0)
1 3-6-9-11 —0.0013 ( 2.4) 0.0096 ( 17.8) 0.0126 (23.3) 0.0062 ( 11.5)
High 2 3+6-:11+12 —0.0020 ( 3.7) 0.0067 ( 12.4) 0.0189 (35.0) 0.0070 ( 13.0)
'8 3 3.6-+11-13 —0.0017 ( 3.1) 0.0096 ( 17.8) 0.0191 (35.4) 0.0077 ( 14.3)
3D 4 3+9-11-12 —0.0057 (10.6) 0.0074 (13.7) 0.0101 (18.7) 0.0062 ( 11.5)
Middle 1 3-6-9-11 0.0040 ( 7.4) 0.0183 ( 33.9) 0.0066 (12.2) 0.0143 ( 26.5)
Low 1 3-6-9-11 0.0122 (22.6) 0.0496 ( 91.9) —0.0061 (11.3) 0.0310 ( 57.4)

SD . standard deviation; NM:nautical mile
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Fig. 4-3. The mean displacement (segment of a line : 2 ;
with a circle) from the observation position oo1l .
(origin) and standard deviations of differ- ’ 1
ence of latitude (D.lat:vertical axis) and de-
parture (Dep:horizontal axis) by combination
of satellites (Arabic numerals are satellites 002l
number) at Low level. ’ R
2D : two-dimensional positioning; b . 3 o
3D : three-dimensional positioning ~0.01 0.00 0.01 0.02 (o)

Fig. 5. Distribution of position fixes obtained by com-
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bination of satellites.

@ : observation position

O : high level of 3D (three-dimensional
positioning) ; [ : middle level of 3D

A1 low level of 3D; @ high of 2D
(two-dimensional positioning)

B : middle level of 2D; A:low level of 2D
Numbers refer to combinations shown in Table
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Fig. 6. The mean displacement (segment of a line with
a circle) from the observation position (origin)
and standard deviations of difference of lati-
tude (D.lat:vertical axis) and departure
(Dep:holizontal axis) at different levels for
combination of satellites (Arabic numerals are
satellites number).
2D : two-dimensional positioning;
3D : three-dimensional positioning

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