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Reliability Analysis of the Three-Dimensional Deformation
Measurement by Terrestrial Photogrammetry
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ABSTRACT

In the three dimensional deformation analysis by terrestrial photographs, iterative reweighted sim-
ilarity transformation method is used for more accurate displacement computation. Also, Bayesian
Inference method is used in the detection of unstable points and the analytical method for displacement
patterns analysis is proposed in this study. In results, the accuracy of displacement estimation was
improved by applying the weights of least absolute method (3 }d|=>min) and more accurate detection
of displaced points could be achieved by Bayesian Inference. The analytical method in the patterns
of displacement proposed in this study could be adapted to the movement analysis of objects wholly

or partly.
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1. HAHE WYAZ] ¢ (mm)

Pt dx dy dz ds®
1 0. 300 0. 600 0. 600 0. 300
2 0. 400 0. 000 0. 000 0. 400
3 0. 500 0. 000 0. 000 0. 500
4 0. 600 0. 000 0. 600 0. 600
5 0. 000 0. 300 0. 000 0. 300
6 0. 000 0. 400 0. 000 0.400
7 0. 000 0. 500 0. 000 0. 500
8 0. 000 0. 600 0. 000 0. 600
9 0. 000 0. 000 0. 300 0. 300
10 0. 000 0. 000 0.400 0. 400
11 0. 000 0. 000 0. 500 0. 500
12 0. 000 0. 000 0. 600 0. 600
13 0.300 0. 300 0. 300 0. 520
1t 0. 400 0. 400 0. 400 0.698
15 0. 500 0. 500 0. 500 0. 866
16 0. 600 0. 600 0. 600 1. 039
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Pt i3
dx dy dz ds
1 0.093 {0.009 | 0.008 | 0.094 0. 206
2 0.516 {0.190 }0.290 | 0. 622 0.222
3 0.634 |0.123 10.296 | 0.710 0.210
4 0.41) }0.097 | 0.012 | 0.422 0.178
5 0.120 {0.010 [ 0.252 ] 0.279 0.021
6 0.137 |0.253 | 0.164 | 0. 331 0. 069
7 0.166 [0.322 (0.127 | 0.384 0.116
8 0.178 |0.376 | 0. 028 | 0.417 0.183
9 0.013 |0.070 | 0.070 | 0- 099 0. 201
10 0.080 |0.109 {0.068 | 0. 151 0. 249
11 0.115 |0.098 | 0.248 | 0. 290 0.210
12 0.141 | 0. 066 | 0.208 | 0. 260 0. 340
13 0.282 {0.040 | 0.189 | 0. 301 0.219
14 0.309 {0.229|0.017 | 0.385 0. 305
15 0.422 10.480 | 0.129 | 0. 652 0.218
16 0.514 |0.656 | 0.250 | 0. 870 0.170
RMSE 0.216
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Pt .z}
dx dy dz ds
1 0.165 [0.261 [0.023 }0.310 0.010
2 0.294 10.012 | 0.092 |0.308 0.092
3 0.375 |0.031 | 0.194 | 0.423 0. 077
4 0.421 {0.123 | 0.186 |0.476 0. 124
5 0.121 {0.016 | 0.233 |0.263 0. 037
6 0.121 |0.245 | 0.073 |0.283 0.117
7 0.167 |0.285 | 0.010 | 0. 331 0. 169
8 0.157 {0.567 | 0.175 |0.614 0.014
9 0.033 |0.115 | 0.103 [ 0.158 0. 142
10 0.053 {0.091 (0.077 |0.131 0. 269
11 0.097 [0.100 }0.322 {0.351 0.149
12 0.128 |0.080 | 0.441 [0.466 0.134
13 0.225 |0.014 [0.234 |0.325 0.195
14 0.314 {0.213 [0.035 |0.381 0. 309
15 0.449 10.496 {0.172 [0.691 0.179
16 0.545 |0.676 | 0.334 [0.930 0.110
RMSE 0.160
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1 0.217 |0.263 0.021 | 0.341 0.041

2 0.348 [0.011 [0.149 |0.378 0.022

3 0.449 10.031 {0.289 |0.535 0. 035

4 0.470 {0.128 |0.302 {0.573 0. 027

5 0.079 |0.019 {0.238 |0.252 0.048
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9 0.036 (0.112 }0.124 {0.171 0.129

10 0.013 [0.090 | 0.090 |0.128 0.272

11 0.038 [0.102 | 0.379 |0.394 0.116

12 0.074 [0.084 | 0.641 |0.651 0.051

13 0.286 {0.011 |0.237 {0.372 0.148

14 0.362 |0.210 {0.069 | 0. 424 0. 266

15 0.518 [0.497 | 0.230 | 0. 754 0.116

16 0.617 [0.677 10.431 |1.012 0. 028
RMSE 0.125
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5 #HAN HE

object error ellipsoid(a=0.05) mm Bayesian inference
,| Pt No Omax Ormin az significant deformation at @=0. 05
1 0. 367 0. 283 0.509 NO
2 0. 360 0.378 0.510 NO
3 0.342 0. 303 0.512 YES
4 0. 369 0. 269 0. 500 YES
5 0. 349 0. 290 0.498 NO
6 0. 336 0. 270 0. 481 YES
7 0. 358 0.291 0.516 YES
8 0. 353 0.293 0. 509 YES
9 0. 347 0.284 0.511 NO
10 0. 345 0. 288 0.522 NO
11 0. 338 0. 282 0. 484 NO
12 0. 352 0.291 0. 509 YES
13 0.337 0. 288 0.502 YES
14 0.342 0. 284 0. 505 YES
15 0. 351 0. 288 0. 504 YES
16 0. 336 0. 287 0.515 YES
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dX=ayt+aX+a,Y+asZ
dY=b+5X+b,Y+b3Z
dZ=cot+ o X+, Y +c3Z
ﬁﬂﬁ u] 2} gk
2p=0.120, a;=—0.3X%1075, a,=0.2Xx107,
a*=0.136x10"!
bp=0.149, b;=—0.2X107, b,=0.3 %1075,
b3=0.219%107!
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3 & 0.13%9cm 0. 168 cm 0.238cm 0. 02167 rad 0. 01354 rad 0. 01980 rad
A A4 0.120 cm 0.149 cm 0.201 cm 0. 02185 rad 0. 01360 rad 0. 02000 rad
A A 0.019cm 0.019cm 0.037cm 0. 00018 rad 0. 00006 rad 0.00020 rad
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