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Adjustment and uncertainty analysis of GPS deformation monitoring
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Abstract: As an all-weather and high precision continuous positioning system, the global positioning system(GPS) is widely applied

to engineering measurement and deformation monitoring because of its speediness, agility and operability. In combination with

practice, occupation planning, baseline vector calculating, network adjustment results and residential uncertainty of the deformation

monitoring network are analyzed and studied in detail. The reliability and accuracy of GPS monitoring for slope deformation are

verified.
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Fig.1 GPS monitoring network in the first period
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Fig.2 Occupation planning for G3 monitoring point
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Table 1 Baseline vector solution properties
SOAMITIRIS P e RMS s}
o g At L1 4 FF1
A / h: min:s LEEE I N /mm + (min)" /m
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Table 2 RMS of GPs carrier phase
HAS g05~g 14 g22~gl4 g30~gl4 g25~gl4 g0l~gl14 gl8~gl4 g06~g 14
E2# L1 L2 L1 L2 L1 L2 L1 L2 L1 L2 L1 L2 L1 L2
Pics A 446 484 472 468 479 487 482 478 386 349 207 195 85 85
RMS /4 0.015 0.018 0.015 0.011 0012 0010 0.019 0013 0.024 0.016 0.032 0.023 0.032 0.024
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Table 3 Verify for baseline vector solution results
WA & K& 2% /mm PR 2=
- AL WK /m dN dE dPlan dU / mm
B1B2G1 2505.872 7 0.9 0.5 1.0 0.2 6.0
[R5 P 2 B1B2G2 25122922 0.5 0.1 0.5 1.1 6.0
B1G2G1B2 2523.276 8 0.7 0.9 1.1 1.8 6.5
B1B2Gl 2505.872 5 0.7 1.6 1.8 4.7 6.0
FAB AR B1B2G2 2512.2920 2.0 2.0 2.8 5.6 6.0
B1G2G1B2 2523.276 6 0.9 1.2 1.5 2.7 6.5
B2G2G1B1G13Gl14 3894.459 5 1.1 1.3 1.7 1.9 8.8
Giv-2 04 HLek [FP A HAELK /m ALK /m 575/ mm
BI1B2 1 245.3 500 1245349 8 0.2
Ve BRZERMAR: TR0 70,002+ 4 FF K Ex 10T m.
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Table 4 Baseline vector solution results
Gy Fhtk AN AR bR iR 2|/ mm
"5‘ e Y N Ao
folls AN /m AE/m AU/m FHES /m Jififf S sN)  s(E)  s(U)
1 BI~G8 67.5 687 -1289.3 294 -41.369 5 1291.761 3 272°59'59.65" -1°50"06.90" 08 08 1.7
2 BI~G9 154.9 773 -1185.1 614 -40.585 8 1195.940 1 277°26'59.98" -1°56'41.22" 07 08 1.6
3 B2~Bl 946.8 585 808.901 2 5.8822 1245.350 0 40°30726.15" 0°16'14.27" 05 05 1.1
4  B2~G8 10142834 -480.440 7 -35.334 6 11228725 334°39'15.31" -1°48'11.83" 07 07 14
5  B2~G9  1101.703 1 -376.282 0 -34.5757 1164.703 1 341°08'33.42" -1°42'04.14" 07 08 15
6 G9~G8 -87.423 9 -104.154 3 -0.765 3 135.984 0 229°5927.37" -0°1920.91" 06 05 1.1
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Table 5 Properties of residuals normal distribution

73 i) EHEE Bilip Biikxo pWEREXE  of I EEX(E

N 0.95 0.226 0.954 -0.061~0.513 0.790~1.205

E 0.95 -0.077 0.791 -0.315~0.160 0.655~0.999

U 0.95 0.030 0.740 -0.192~0.253 0.613~0.935
NEU 0.95 0.060 0.837 -0.083~0.202 0.747~0.950
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Fig.4 Residuals distribution appears normal
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Table 6 Monitoring results under WGS-84 and BJ-54 coordinates
et WGS-84 Atk R P IEIACR (BLHD ) A5 54 ABRAR T IR (NEHD [H% %] / mm
o B WiERE /m N /m E ] /m HIil /m  SO) S(E) SH)
G2 40°08'31.09074"N 118°34'05.49958"E 1013312 4445370.947 6 505 811.3982 102.5718 04 03 1.0
G3 40°08'36.26483"N 118°34'10.13608"E 97.440 7 4 445 530.623 4 505 921.0273 98.6742 04 03 09
G4 40°08'41.95269"N 118°34'15.26879"E 81.4776 4445 706.157 4 506 042.3849 82.7032 07 05 14
G8 40°08'51.35589"N 118°33'38.01586"E 106.816 6 4 445995.539 7 505 160.3851 108.0775 06 04 1.1
G9 40°08'54.19030"N 118°33'42.41634"E 107.5827 4446 083.036 9 505 264.4828 108.8377 05 04 1.1
G10 40°08'56.84811"N 118°33'47.86750"E 105.4069 4446 165.1059 505 393.4505 106.6550 0.5 04 1.1
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Fig.6 GPS monitoring points’ Vector of level displacement
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