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The Deformation Surveying of a Slope Using Still-Video
Imagery and Free-Net Bundle Adjustment
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Abstract
This study attempts to measure effectively three dimensional deformation in road slopes using digital close-range
photographs. After the still video images were acquired respectively on the same multi-station geometric configuration
in two epoches, photo-triangulation was carried out respectively by conventional standard bundle adjustment and free-net
bundle adjustment and the computed results were compared with those of geodetic method by total station.Three
dimensional coordinates and deformation amounts were able to be derived with the RMSE of sub-millimeter and the
relative accuracy of 1/30,000~ 1/35,000. It was shown that free-net bundle adjustment is about 13% higher than standard
bundle adjustment in the accuracy of photo-triangulation. It was ascertained that the free-net technique is able to promote
fast and accurate deformation surveying without the necessity of geodetic control survey in complicated industrial sites.

Keywords : Close-Range Photogrammetry, Still-Video Imagery, Deformation Surveying, Free-Net Bundle Adjustment,
Slope Measurement
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Fig. 1. Multi-station convergent network geometry
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Fig. 3. An image obtained by night flash photographing
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Fig. 5. The calibration parameters of Kodak DCS200
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Table 1. Decrepancies between free-net and standard bu-
ndle adjustment

Epoch

Epoch 1(25th of May) a Epoch 2(27th of June)

Y(mm) | Z(mm) | X(mm) | Y(mm) | Z(mm)

0.038 | 0.153 | -0.079 | 0.007

0.128

- 0378 | 0.228

Table 2. Object space accuracy of results processed by
both bundle adjustment techniques

Average

RMS

Epoch Eundle adjustment method! object space accuracy

standard 1 : 30,757
Epoch 1
free-net 1 : 34,993
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Epoch 2
free-net ‘ 1 : 35,583
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(a) Epoch 1 : Results of free-net minus standard

(b) Epoch 2 : Results of free-net minus standard

Fig. 6. Comparison of free-net and standard bundle adjustment in X-Z plane

Table 3. The displacements in X, Y, Z directions(Unit : mm)

Coord X Y V4
No Total Standard Free-Net Total | Standard Free-Net Total | Standard Free-Net
Station Bundle Bundle Station | Bundle Bundle Station | Bundle Bundle
5 -2 1.322 1.409 -1 0.659 0.615 0.291 0.528
6 -1 0.724 0.252 -1 0.967 1.004 0.192 0.078
7 -1 0.600 0.459 -0 0.715 0.750 0 -0.066 -0.507
9 -1 0.898 0.094 -2 1.232 1.496 -1 0.478 1.024
10 -1 0.447 0.180 -1 0.644 0.634 -0.103 -0.063
il 0 -0.003 -0.264 0 0.000 -0.041 0.000 -0.178
12 -1 0.066 0.417 -1 0.990 0.928 -1 0.858 0.341
14 -1 0.434 0.733 -2 1.390 1.630 0 -0.126 -0.020
15 -1 1.042 0.442 -1 0.642 0.705 0 0.447 0.013
16 0 -0.254 -0.569 0 -0.257 0.029 0 0.252 0.760
17 -1 0.330 0.519 -2 1.857 1.372 0 0.277 -0.201
18 0 -0.153 0.062 | 0 0.327 -0.040 -1 0.371 0.908
20 0 0.144 0.190 1 0.555 0.674 -1 0.914 0.735
21 0 -0.004 -0.034 0.004 0.464 0.008 0.226
23 0 0.018 0.205 0 -0.006 -0.572 -0.014 -0.182
24 0 0.199 0.591 -1 0.555 0.517 -1 0.983 0.905
25 0 0.328 0.676 1 -0.162 -0.087 0 0.478 1.309
26 1 -0.364 -0.358 0 0.007 -0.116 0 -0.034 0.065
27 0 -0.011 0.093 0 0.002 0.149 0 0.007 -0.066
29 0 -0.391 0.377 0 -0.919 -0.998 -1 0.979 0.835
30 2 -1916 -1.133 1 -0.437 -0.822 -1 1.071 1.110
32 2 -1.329 -1.556 2 -2.048 -2.391 0 -0.300 0.052

# of control points

: No.ll, 21, 23, 27
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