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Application of Rapid Static Method on Minor Control Point
Surveying Using the Global Positioning System
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ABSTRACT

By this time, in order to measure baseline in a few minutes, we must have used expensive dual frequency re-
ceiver. Recently, low-priced single frequency receiver have taken place of dual frequency receiver at short base-
line by advancement in software development, improvements in geodetic survey receiver system. In this study,
according to the observation time and measurement interval, we analyzed differences of each components of
baseline by field experiment and we propose the criterion for the minor control point surveying by single fre-

quency GPS receiver.
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H 1. Processing time table (hour : min)
I:;lon;::):srin(;f Start 2min Smin 10min 15 min 20 min
1 4:20 4:22  4:25 4:30 4:35 4:40

2 4:40 4:42 4:45 4:50 4:55 5:00

3 5:00  5:02 5:05 S5:10 5:15 5:20

4 5:20 5:22 5:25 5:30 5:35 5:40

5 5:40 5:42 5:45 5:50 5:55 6:00

6 6:00 6:02 6:05 6:10 6:15 6:20

7 6:20 6:22 6:25 6:30 6:35 6:40

8 6:40 6:42 6:45 6:50 6:55 7:00

9 7:00 7:02 7:05 7:10 7:15 7:20

10 7:20 7:22 7:25 7:30 7:35 7:40

¥ 2. Reference baseline component,

Name of
baseline DS DX DY DZ

3sec 1548286 m -1179,345m 70.733 m -1000.668 m
5 sec 1697.552m -1386.648m -116.304m - 972299 m
15sec  2309.275m -1849.423m - 72.360 m -1380.997 m
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X 4. Comparison of results versus occupation time
(single frequency, meas. interval 3 sec.)
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I 5. Comparison of results versus occupation time
(single frequency, meas. interval 5 sec.)
(hour : min)

15min (10) 20 min (10)

Processing time 10 min (10)

Average Ds 1697553 m 1697.553 m 1697.553 m
Dx -1386.651 m -1386.650 m -1386.650 m

Dy -116304 m -116305 m -116305 m

-972296 m  -972296 m -972.296 m

Maximum Ds  1697.554 m 1697.555 m 1697.554 m
Dx -1386.643 m -1386.645 m -1386.645 m

Dy -116301 m -116303 m -116.303 m

Dz 972292 m 972293 m -972.294 m

Minimum Ds 1697548 m 1697.549 m 1697.550 m
Dx -1386.655 m -1386.654 m -1386.652 m

Dy -116308 m -116310 m -116311 m

Dz 972300 m -972299 m  -972.299 m

Difference Ds 0.006 m 0.006 m 0.004 m
Dx 0.012 m 0.009 m 0.007 m

Dy 0.007 m 0.007 m 0.008 m

Dz 0.008 m 0.006 m 0.005 m

Standard Ds +190 mm +164 mm +1.08 mm
deviation Dx +357 mm  £295 mm £2.45 mm
Dy +242 mm  +255 mm  £2.39 mm

Dz +259 mm +204 mm +1.89 mm

I 6. Comparison of results versus occupation time
(single frequency, meas. interval 15 sec.)

(hour : min) (hour : min)

Processing time 10min (10) 15min (10) 20 min (10) Processing time 10min (10) 15min (10) 20 min (10)
Average Ds 1548287 m 1548287 m 1548287 m Average Ds 2309273 m  2309.274 m 2309.274 m
Dx -1179344 m -1179344 m -1179344 m Dx -1849.421 m -1849421 m -1849.421 m
Dy 70.730 m 70.731 m 70731 m Dy -72.359 m 272359 m 272359 m
Dz -1000.668 m -1000.668 m -1000.668 m Dz  -1380.995 m -1380.996 m -1380.997 m
Maximum Ds 1548291 m 1548290 m 1548.290 m Maximum Ds 2309290 m  2309.290 m 2309.288 m
Dx -1179340 m -1179.340 m -1179.342 m Dx -1849410 m -1849.412 m -1849411 m
Dy 70.733 m 70.735 m 70.733 m Dy -72.350 m 72351 m 72351 m
Dz -1000.666 m -1000.666 m -1000.666 m Dz -1380.989 m -1380.989 m -1380.989 m
Minimum Ds 1548284 m 1548.284 m 1548.284 m Minimum Ds 2309260 m  2309.262 m 2309.262 m
Dx -1179349 m -1179.347 m -1179.347 m Dx -1849437 m -1849.437 m -1849.433 m
Dy 70.728 m 70.729 m 70.730 m Dy -72.368 m 272368 m  -72.367 m
Dz -1000.671 m -1000.671 m -1000.671 m Dz -1381.006 m -1381.005 m -1381.006 m
Difference Ds 0.007 m 0.006 m 0.006 m Difference Ds 0.030 m 0.028 m 0.026 m
Dx 0.009 m 0.007 m 0.005 m Dx 0.027 m 0.025 m 0.022 m
Dy 0.005 m 0.006 m 0.003 m Dy 0.018 m 0.017 m 0.016 m
0.005 m 0.005 m 0.005 m Dz 0.017 m 0.016 m 0.017 m
Standard Ds +262 mm +228 mm +2.06 mm Standard Ds +11.76 mm +11.18 mm +10.76 mm
deviation Dx +3.43 mm +2.67 mm +1.81 mm deviation Dx +9.68 mm  +931 mm +848 mm
Dy +199 mm +£1.70 mm +0.94 mm Dy +547 mm  £504 mm £5.33 mm
Dz +1.52 mm +1.73 mm +1.89 mm Dz +6.69 mm +6.61 mm 6.90 mm
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218] 2. Difference of components with reference baseline (single frequency, occupation time 20 min.)
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¥ 7. Comparison of results versus occupation time(dual frequency, meas. interval 3 sec.)

(hour : min)

Processing time 2 min (10) Smin (10) 10 min (10) 15 min (10) 20 min (10)
Average Ds 1548.286 m 1548.286 m 1548.286 m 1548.286 m 1548.287 m
Dx -1179.341 m -1179.342 m -1179.342 m -1179.341 m -1179.344 m

Dy 70.731 m 70.732 m 70.730 m 70.729 m 70.731 m

Dz -1000.671 m -1000.669 m -1000.670 m -1000.670 m -1000.669 m

Maximum Ds 1548.298 m 1548.296 m 1548.295 m 1548.294 m 1548.293 m
Dx -1179333 m -1179.331 m -1179.332 m -1179.323 m -1179.338 m

Dy 70.745 m 70.745 m 70.749 m 70747 m 70.743 m

Dz -1000.657 m -1000.660 m -1000.661 m -1000.661 m -1000.662 m

Minimum Ds 1548.279 m 1548.279 m 1548.278 m 1548.279 m 1548.283 m
Dx -1179.352 m -1179.353 m -1179.351 m -1179.351 m -1179.350 m

Dy 70.722 m 70.723 m 70.721 m 70.710 m 70.727 m

Dz -1000.683 m -1000.681 m -1000.676 m -1000.683 m -1000.677 m

Difference Ds 0019 m 0.017 m 0.017 m 0.015 m 0.010 m
Dx 0.019 m 0.022 m 0.019 m 0.028 m 0.012 m

Dy 0.023 m 0.022 m 0.028 m 0.037 m 0.016 m

Dz 0.026 m 0.021 m 0015 m 0.022 m 0015 m

Standard Ds +5.72 mm +5.26 mm +5.68 mm +4.97 mm +3.40 mm
deviation Dx +7.26 mm +7.36 mm +6.69 mm +7.83 mm +3.81 mm
Dy +6.90 mm +7.13 mm +8.72 mm +9.37 mm +5.08 mm

Dz +7.96 mm +6.88 mm +5.62 mm +6.38 mm +4.45 mm
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¥ 8. Comparison of results versus occupation time(dual frequency, meas. interval 5 sec.)

(hour : min)

Processing time 2 min (10) 5 min (10) 10 min (10) 15 min (10) 20 min (10)
Average Ds 1697.553 m 1697.552 m 1697.552 m 1697.553 m 1697.553 m
Dx -1386.650 m -1386.649 m -1386.649 m -1386.648 m -1386.650 m

Dy -116.306 m -116.307 m -116.307 m -116.307 m -116.306 m

Dz -972.296 m -972.297 m -972.297 m -972.299 m -972297 m

Maximum Ds 1697.559 m 1697.557 m 1697.554 m 1697.557 m 1697.557 m
Dx -1386.640 m -1386.642 m -1386.644 m -1386.641 m -1386.647 m

Dy -116.299 m -116.30 m -116.301 m -116.30 -116.301 m

Dz -972.294 m -972.294 m -972.294 m -972.296 m -972.294 m

Minimum Ds 1697.545 m 1697.546 m 1697.549 m 1697.550 m 1697.550 m
Dx -1386.660 m -1386.656 m -1386.653 m -1386.654 m -1386.655 m

Dy -116.318 m -116.315 m -116.313 m -116.313 m -116.311 m

Dz -972.30 m -972.299 m -972.30 m -972.306 m -972.299 m

Difference Ds 0.014 m 0.011 m 0.005 m 0.007 m 0.007 m
Dx 0.020 m 0.014 m 0.009 m 0.013 m 0.008 m

Dy 0019 m 0015 m 0.012 m 0.013 m 0.010 m

Dz 0.006 m 0.005 m 0.007 m 0.010 m 0.005 m

Standard Ds +4.48 mm +3.07 mm +1.63 mm +2.27 mm +2.38 mm
deviation Dx +6.48 mm +4.13 mm +2.46 mm +3.65 mm +2.85 mm
Dy +6.35 mm +5.18 mm +4.52 mm +4.39 mm +3.84 mm

Dz +1.84 mm +1.78 mm +2.13 mm +2.74 mm +1.78 mm

H 9. Comparison of results versus occupation time(dual frequency, meas. interval 15 sec.)

(hour : min)

Processing time 2 min (10) 5 min (10) 10 min (10) 15 min (10) 20 min (10)
Average Ds 2309273 m 2309.273 m 2309.273 m 2309.274 m 2309.277 m
Dx -1849.418 m -1849.418 m -1849.418 m -1849.424 m -1849.421 m

Dy -72.363 m -72.361 m -72.361 m -72.358 m -72.365 m

Dz -1380.999 m -1380.999 m -1380.999 m -1380.994 m -1381.001 m

Maximum Ds 2309.297 m 2309.296 m 2309.290 m 2309.290 m 2309.290 m
Dx -1849.407 m -1849.407 m -1849.407 m -1849.412 m -1849.413 m

Dy -72.352 m -72.350 m 72351 m -72.337 m -72354 m

Dz -1380.988 m -1380.991 m -1380.990 m -1380.944 m -1380.990 m

Minimum Ds 2309.262 m 2309.259 m 2309.261 m 2309.263 m 2309.263 m
Dx -1849.449 m -1849.450 m -1849.438 m -1849.455 m -1849.434 m

Dy -72.381 m -72.378 m -72373 m -72.370 m -72.387 m

Dz -1381.010 m -1381.010 m -1381.008 m -1381.008 m -1381.010 m

Difference Ds 0.035 m 0.037 m 0.029 m 0.027 m 0.027 m
Dx 0.042 m 0.043 m 0.031 m 0.043 m 0.021 m

Dy 0.029 m 0.028 m 0.022 m 0.033 m 0.033 m

Dz 0.022 m 0.019 m 0.018 m 0.064 m 0.020 m

Standard Ds +11.23 mm +11.66 mm +10.56 mm +10.09 mm +10.50 mm
deviation Dx +12.43 mm +13.01 mm +10.22 mm +14.03 mm +8.24 mm
Dy +10.83 mm +10.53 mm +7.33 mm +9.83 mm +9.73 mm

Dz +6.63 mm +6.11 mm +5.96 mm +18.53 mm +6.73 mm
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B 9. Reference baseline component

Baseline  Distance Dx Dy Dz

TEl TE2 293.887 m -29.75 m 189417 m -222.723 m
TE1 TE3 232046 m -86.345 m 111.286 m -184.406 m

18| 5. Network map of single frequencv reciver test TE3 TE2 103.806 m 56595 m 78.131 m -38318 m
IE 10. Baseline repeatability (baseline length : 103 m)
Processing time 5 min 10 min 15 min 20 min

Average ds 103.697 m 103.851 m 103.803 m 103.805 m
dx 56.601 m 56.626 m 56.593 m 56.594 m
dy 77979 m 78.176 m 78129 m 78.130 m
dz -38321 m -38.302 m -38.316 m -38318 m

Maximum ds 104.576 m 104.171 m 103.982 m 103.807 m
dx 57397 m 56.988 m 56.767 m 56.600 m
dy 78.737 m 78375 m 78.245 m 78137 m
dz -37.978 m -38.228 m -38297 m -38.309 m

Minimum ds 102.675 m 103.730 m 103.599 m 103.802 m
dx 56.041 m 56.431 m 56.397 m 56.587 m
dy 77.020 m 78.118 m 78.010 m 78122 m
dz -38.619 m -38.329 m -38.326 m -38324 m

Difference ds 1.901 m 0.441 m 0.383 m 0.005 m
dx 1.356 m 0.557 m 0370 m 0.013 m
dy 1717 m 0257 m 0.235 m 0.015 m
dz 0.641 m 0.101 m 0.029 m 0.015 m

Stendard ds +480.23 mm +118.16 mm +81.86 mm +1.56 mm

deviation dx +366.28 mm +128.43 mm +79.17 mm +3.57 mm
dy 1462.82 mm +87.32 mm +50.32 mm +4.31 mm
dz 318543 mm +34.58 mm +8.32 mm +3.94 mm
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¥ 11. Baseline repeatability (baseline length : 232 m)

Processing time 5 min 10 min 15 min 20 min
Average ds 232079 m 232.053 m 232.046 m 232.046 m
dx -86.288 m -86.350 m -86.345 m -86.345 m
dy 111444 m 111289 m 111.286 m 111.286 m
dz -184.377 m -184.409 m -184.405 m -184.405 m
Maximum ds 232421 m 232.091 m 232.049 m 232.048 m
dx -84.956 m -86.166 m -86.339 m -86.339 m
dy 113.098 m 111.496 m 111291 m 111292 m
dz -184.122 m -184.393 m -184.400 m -184.401 m
Minimum ds 231.863 m 232.043 m 232042 m 232.043 m
dx -87.089 m -86.574 m -86.350 m -86.349 m
dy 110.615 m 111.100 m 111.280 m 111.280 m
dz -184.605 m -184.467 m -184.412 m -184.411 m
Difference ds 0.558 m 0.048 m 0.007 m 0.005 m
dx 2133 m 0.408 m 0011 m 0.010 m
dy 2483 m 0396 m 0011 m 0.012 m
dz 0.483 m 0.074 m 0.012 m 0.010 m
Stendard ds +141.72 mm +14.13 mm +2.16 mm +1.54 mm
deviation dx +534.12 mm +87.53 mm +3.06 mm +2.83 mm
dy +623.79 mm +84.65 mm +4.02 mm +3.76 mm
dz +131.52 mm +19.01 mm +3.82 mm +3.36 mm
IE 12. Baseline repeatability (baseline length : 232 m)
Processing time S min 10 min 15 min 20 min
Average ds 293917 m 293.904 m 293.887 m 293.887 m
dx -29.642 m -29.756 m -29.750 m -29.750 m
dy 189.502 m 189.444 m 189.416 m 189.417 m
dz -222.704 m 222721 m -222.724 m -222.723 m
Maximum ds 294,378 m 294.077 m 293.891 m 293.892 m
dx -28.593 m -29.464 m -29.744 m -29.745 m
dy 190.288 m 189.804 m 189.427 m 189425 m
dz -222.563 m -222.681 m 222.714 m -222.714 m
Minimum ds 293.280 m 293.826 m 293.883 m 293.884 m
dx -30.335 m -30.006 m -29.756 m -29.756 m
dy 188.422 m 189.224 m 189.408 m 189.409 m
dz -222.979 m -222.772 m -222.734 m -222.730 m
Difference ds 1.098 m 0.251 m 0.008 m 0.008 m
dx 1.742 m 0542 m 0012 m 0.011 m
dy 1.866 m 0.580 m 0.019 m 0.016 m
dz 0416 m 0.091 m 0.020 m 0.016 m
Stendard ds +289.21 mm +60.88 mm +2.42 mm 4+2.35 mm
deviation dx +448.17 mm +119.23 mm +3.83 mm +3.55 mm
dy +500.68 mm +133.76 mm +5.82 mm +5.01 mm
dz +129.34 mm +23.53 mm +5.80 mm +4.37 mm
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18| 6. Baseline repeatability
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