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Relative Error between GPS and Loran C in the
Western Area of the North Pacific Ocean

Toshiyuki Kuno, Masaji Gopa and Shigekatu NAKANE

In order to put a hybrid navigation with GPS and Loran C in practice, we evaluated the
relative error between the position fixes obtained by simultaneous measurement with
GPS and Loran C in the western area of the North Pacific Ocean.

We assumed that the difference of the relative error was caused by the relation
between the position fixes for the measurement and the Loran C stations. Before the
evaluation, we divided the observation area into three parts{area A, area B and area C)
according to the values of the 95% radial error and the distance from the slave stations.
The values of the 95% radial error of area A and B were less than 1.0 nautical mile (n.
m.) and the dividing line was along the line running from the master station to the
halfway point between the two slave stations. In area C its value was from 1 to 2 n.m..

In areas A and B, the maximum relative error(average error + standard deviation)
was less than 0.5 n.m., but in area C, it was about 1 n.m.. We may conclude that the
difference of the relative error resulted from a attenuation of the signal strength and the

occurrence of the lane slip because of the distance from the master station.

Key words : GPS gloval positioning system; HEX{E47= relative error; JtAEEE
North Pacific Ocean; @< > C long range navigation C system.
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Table 1. Routes and period of the observation

Route Year Date

R-1 1990 26th Oct. ~ 30th Oct.
R-2 1990 11th Dec. ~ 15th Dec.
R-3 1991 6th Jul. ~ 10th Jul
R-4 1991 20th Jul. ~ 26th Jul.
R-5 1991 26th Aug. ~ 3rd Sep.
R-6 1991 7th Sep. ~ 11th Sep.
R-7 1991 26th Oct. ~ 30th Oct.
R-8 1991 12th Dec. ~ 16th Dec.
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The wake on the observation area and the separating line. The routes of the

figure are shown in Table 1. Arabic numerals indicate the 95% radial error

(unit in mile).
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Table 2. The number of data and the ratio of used data

Number of data Percentage
Area Route - of used data

Total Eliminated Rejected Used (%)

1 329 68 9 252 76.6

2 706 0 18 688 97.5

3 408 0 17 391 9.8

A 4 598 0 23 575 96.2
5 705 30 28 597 84.7

6 592 0 12 580 98.0

7 372 0 11 361 97.0

8 600 0 9 591 98.5

1 555 53 11 491 88.5

2 571 508 0 63 11.0

3 757 0 30 727 96.0

B 4 1087 121 22 944 86.8
5 707 0 17 690 97.6

6 653 256 13 384 58.8

7 779 0 23 756 97.0

8 533 0 2 531 99.6

1 416 101 11 304 73.1

2 395 376 0 19 4.8

3 341 0 12 329 96.5

C 4 264 22 3 239 90.5
5 237 27 4 206 86.9

6 310 245 1 64 26.1

7 358 126 3 229 64.0

8 369 287 1 81 22.0
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Table 3. The mean values and standard deviations of D. lat, Dep and Distance for each lavel

in area A(unit in meter)

. . No. of Percentage D. lat Dep Distance
R D Level
oute Limension  Level pp iy (%) Mean SD Mean SD Mean SD
) 3D H 115 35.0 45 391  —69.8  25.6 69.9  46.8
2D H 103 31.3 10.2 52.2 —56.1 29.0 57.0 59.7
9 3D H 492 69.7 —35.4 47.5 —57.1 30.4 67.2 56.4
2D H 148 21.0 —34.6 53.4 —58.5 30.0 68.0 61.3
3 3D H 283 68.9 42.2 38.0 —85.9 27.0 95.7 46.6
2D H 78 19.1 55.1 49.3 —87.1 32.8 103.1 59.2
4 3D H 392 65.6 0.8 41.6 —65.8 24.1 65.8 48.0
2D H 134 22.4 25.7 50.2 —67.8 23.0 72.5 55.2
5 3D H 416 59.0 23.0 81.8 —70.2 61.4 73.9 102.3
2D H 123 17.4 23.6 83.8 —71.1 62.8 74.9 104.7
6 3D H 441 74.5 11.7 50.5 —59.0 36.2 60.1 62.1
2D H 118 19.9 7.0 46.5 —44.9 37.8 45.4 60.0
7 3D H 293 78.8 51.1 35.6 —83.2 30.0 97.6 46.5
2D H 47 12.6 66.0 40.8 —80.9 19.7 104 .4 45.3
8 3D H 444 74.0 159.5 261.3 —474.0 109.5 500.1 283.3
2D H 101 16.8 86.9 222.9 —442.8 96.9 451.3 243.1

3 D : three-dimensional positioning; 2 D : two-dimensional positioning; H : high; S D : standard deviation.

Fig. 2.
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The relative error between position fixes obtained by Loran C and the high
level of GPS in area A. The routes of the figure are shown in Table 1.
3D : three-dimensional positioning, 2D : two-dimensional positioning

+ : GPS position.
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Table 4. The mean values and standard deviations of D. lat, Dep and Distance for each lavel

in area B(unit in meter)

Route Dimension Level No. of Percentage D. lat Dep Distance
Data (%) Mean SD Mean SD Mean SD
1 3D H 344 62.0 14.6 70.2 —108.6 56.8 109.5 90.3
2D H 94 16.9 19.4 64.5 —89.3 57.7 91.3 86.5
3 3D H 580 76.6 16.5 57.6 —113.4 44 .4 114.5 72.8
2D H 124 16.4 25.1 45.3 —110.9 33.2 113.7 56.2
4 3D H 672 61.8 —19.9 37.2 —108.4 34.2 110.2 50.5
2D H 215 19.8 —29.3 45.5 —114.5 39.4 118.2 60.2
5 3D H 536 75.8 26.8 62.4 —124.6 74.7 127.4 97.4
2D H 108 15.3 26.4 40.3 —112.2 53.3 115.2 66.8
6 3D H 327 50.1 —27.9 87.1 —103.5 93.2 107.2 127.6
7 3D H 639 82.0 30.1 47.2 —103.1 37.1 107.4 60.1
8 3D H 468 87.8 558.4 76.5 —626.7 53.2 839.5 93.2

3 D : three-dimensional positioning; 2 D : two-dimensional positioning; H : high; S D :

standard deviation.
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The relative error between position fixes obtained by Loran C and the high

level of GPS in area B. The routes of the figure are shown in Table 1.
3D ! three-dimensional positioning, 2D : two-dimensional positioning

+ : GPS position.
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Table 5. The mean values and standard deviations of D. lat, Dep and Distance for each lavel

in area C(unit in meter)

. . No. of Percentage D. lat Dep‘ Distance
Route ) I?llmensmn Level Data (%) ¢ Mean SD Mean SD Mean SD
1 3D H 217 52.2 121.3 277.0 ~146.2  155.0 190.0 317.4
3 3D H 253 74.2 89.0 480.0 —149.8 172.5 174.3 510.0
2D H 58 17.0 179.2 439.0 —95.0 181.1 202.8 521.5
4 3D H 171 64.8 33.8 214.6 —138.5 128.1 142.5 249.9
2D H 61 23.1 76.5 201.2 —111.0 111.6 134.8 230.1
5 3D H 200 84.4 204.1 391.5 —216.7 68.1 197.7 397.4
6 3D H 62 20.0 —100.4 870.9 —286.6  452.4 303.7 981.4
7 3D H 169 47.2 46.8 382.8 —195.0 187.2 200.6 426.1
8. 3D H 81 22.0 864.7 676.3 80.1  363.3 868.4 767.6
3 D : three-dimensional positioning; 2 D : two-dimensional positioning; H : high; S D : standard deviation.
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level of GPS in area C. The routes of the figure are shown in Table 1.
3D : three-dimensional positioning, 2D : two-dimensional positioning

+ : GPS position.
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