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Deformation Monitoring of a Structure Using Kinematic GPS
Surveying Technology
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ABSTRACT

This paper addresses the suitability of GPS positioning technology to monitoring deformation and movement
of structures. The first part of the study is an empirical quantitative study of the repeatability of GPS ob-
servations and the second part is a peformance evaluation of kinematic GPS, which requires only a few minutes
per a point, for monitoring deformation of an engineering structure. On the test network for monitoring of a
earth dam, four observations have been conducted repeatedly on different seasons and water levels. The ref-
erence network was observed in static mode, and monitoring points were observed respectively in rapid-static
mode as well as in kinematic mode in each epoch and then the results were compared with those obtained by
conventional surveying techniques. The repeatability of baseline vectors to better than average 7 mm in three di-
mensions was achieved in base line observations between reference points and also the unclosure of reference
networks showed the range of 4 ppm to 27 ppm. Compared with conventional surveying techniques, the kinemat-
ic approach showed the differences of 3~4 mm in slope distances which were observed from reference points to
monitoring points, and showed the differences of 4~8 mm in height. It was ascertained that the kinematic GPS
technology provides an efficient alternative to deformation monitoring by conventional means which are capable
of detecting movements in the order of 5 mm.
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E 1. The quality of baseline solution results (April 1997; Epoch D)

Component
From station to station Slope dist. (m) Ratio RMS (cycles)
dx dy dz
RP1-RP2 35.691 -34.258 63.353 80.392 20.2 0.006
RP1-RP3 -97.092 -111.207 36.137 151.986 216 0.004
RP1-RP4 32.342 -127.150 153.588 201.996 30.0 0.005
RP2-RP3 —-132.782 -76.922 -27.213 155.848 133 0.005
RP2-RP4 -3.350 -92.861 90.242 129.530 11.2 0.006
RP3-RP4 -129.429 15.940 - 117.449 175.500 6.0 0.006
RP5-RP1 -152.066 - 869.891 753.126 1160.617 5.1 0.012
RP5-RP2 -116.368 -904.175 816.475 1223.808 1.6 0.015
RP5-RP3 —249.145 -981.103 789.271 1283.583 5.9 0.010
RP5-RP4 -119.707 -997.055 906.714 352.988 10.8 0.010
RP6-RP1 —862.582 -792.609 55.266 1172.745 18.1 0.007
RP6-RP2 - 826.886 - 826.892 118.603 1175.397 3.6 0.009
RP6-RP3 ~-959.673 —-903.813 91.400 1321.440 25 0.014
RP6-RP4 ~830.225 ~919.785 208.838 1256.539 32 0.012
RP5-RP6 710.512 -71.275 697.864 998.906 23 0.014
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¥ 3. Standard deviation for slope distance at each Epoch

Slope distance (m)

Form station to station

Standard deviation (m)

Epoch I Epoch II Epoch I Epoch IV
RP1-RP2 80.392 80.391 80.388 80.390 0.002
RP1-RP3 151.986 151.986 151.985 151.982 0.002
RP1-RP4 201.996 201.995 201.996 202.000 0.002
RP2-RP3 155.848 155.850 155.839 155.848 0.005
RP2-RP4 129.530 129.534 129.531 129.531 0.002
RP3-RP4 175.500 175.502 175.503 175.504 0.002
RP5-RP1 1160.617 1160.620 1160.609 1160.614 0.005
RP5-RP2 1223.808 1223.808 1223.811 1223.810 0.002
RP5-RP3 1283.583 1283.582 1283.575 1283.575 0.004
RP5-RP4 1352.988 1352.978 1352.976 1352.978 0.005
RP6-RP1 1172.745 1172.737 1172.735 - 0.005
RP6-RP2 1175.397 1175.404 1175.404 - 0.004
RP6-RP3 1321.440 1321.441 1321.438 - 0.002
RP6-RP4 1256.539 1256.529 1256.532 - 0.005
RP5-RP6 998.906 998.911 998.913 - 0.003

RP4 -75° H, 79° Hy

HORIZONTAL AND VERTICAL ERROR( 1.00 o) BAR SCALE TICK = 0.00lm

%8| 6. Three dimensional error ellipse (Epoch I)
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H 4. The relative accuracy estimation of the loop closure

Closure(m)
Loop (triangle) Epoch ZS(m) Total(ppm) Mean(ppm)
Ax Ay Az
RP1-RP5-RP6 I 3332.2685 -0.0040 0.0058 0.0049 2.5780
I 3332.2690 —-0.0154 0.0157 0.0067 6.9047 4.6721
m 3332.2567 0.0007 ~-0.0078 0.0129 4.5335
RP2-RP5-RP6 I 3398.1241 0.0050 0.0035 -0.0127 5.1624
I 3398.1232 -0.0205 0.0215 0.0302 12.4566 7.2421
m 3398.1275 -0.0015 -0.0125 0.0060 4.1074
RP3-RP5-RP6 I 3603.9287 -0.0157 0.0146 -0.0061 6.1942
I 3603.9343 -0.0116 0.0083 -0.0031 4.0446 4.2680
m 3603.9259 -0.0057 0.0031 0.0066 2.5651
RP4-RP5-RP6 I 3608.4336 -0.0058 -0.0048 -0.0110 3.6962
I 3608.4190 -0.0132 0.0101 0.0095 5.3139 4.2179
m 3608.4204 -0.0055 -0.0119 0.0010 3.6435
RP1-RP2-RP3 I 388.2255 -0.0001 0.0000 0.0031 7.8684
n 388.2261 —-0.0016 0.0010 0.0021 7.1997 23.2116
m 388.2124 -0.0029 0.0137 0.0159 54.5667
RP1-RP2-RP4 I 4119176 -0.0017 0.0043 0.0063 19.0843
I 411.9194 0.0038 -0.0032 0.0040 15.5030 12.6054
m 4119157 0.0013 0.0004 0.0001 3.2290
RP1-RP4-RP3 I 529.4817 0.0043 -0.0032 0.0016 10.5377
I 529.4821 -0.0001 0.0008 0.0004 1.7300 7.2385
m 529.4845 -0.0015 -0.0028 -0.0039 9.4479
RP2-RP4-RP3 I 460.8778 0.0028 0.0011 0.0049 12.4394
)i 460.8852 0.0053 -0.0034 0.0023 14.5566 27.4843
m 460.8731 0.0027 -0.0161 -0.0197 55.4568
H 5. Geometric relative positioning accuracy stand- RP1 —> MP's
ards for deformation measurements 0.020 ‘[oTedmi_srewmom |
(95% confidence level) 0.015
Minimum geometric E o010
Survey categories Order accuracy standard é
P(ppm) a(1:a) s
Global deformation AA 001 1:100,000,000 M
measurement monitoring =§
Regional and local A 0.1 1:10,000,000 e
deformation measurement
monitoring surveys T 2 s 4 5 6 7 8 9 10 1
Local deformation B 1 1:1,000,000 Monitoring points

measurement monitoring;

high-precision

engineering surveys
Local precise engineering

and geodetic surveys;

short baselines

of less than 1000 m

10 1:100,000
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28| 15. Comparison of RP1-to-MP's slope distances
measured at each Epoch (by k-GPS 2 min)
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8] 16. Comparison of RP2-to-MP's slope distances
measured at each Epoch (by k-GPS 2 min)
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18| 17. Comparison of RP1-to-MP's slope distances
measured by TS at each Epoch
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18| 22. Change of Au components from RP1 to MP's
with Epochs in LGH coordinate system (k-
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