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Abstract

This paper presents soil deformation measurement in model chamber based on photogrammetry. We created
an aluminum framed acrylic model chamber with soil inside and applied photogrammetry to measure soil
deformation caused by loading tests. The soil consists of 40% black and 60% regular sand to create image
contrast in soil images. In preprocessing, the self camera calibration was carried out for IOPs (Interior
Orientation Parameters), followed by the space resection to estimate EOPs (Exterior Orientation Parameters)
using control points located along the aluminum frame. Image matching was applied to measure the soil
displacement. We tested different matching window sizes and the effect of image smoothing. Experimental
results showed that 65x65 pixels of window size produced better soil deformation map and the image smoothing

was useful to suppress the matching outliers. In conclusion, photogrammetry was able to efficiently generated
soil deformation map.
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where, .y are image coordinates, X,Y,Z are ground
coordinates, X, Y,Z; are perspective center coordinates,
M is rotation matrix consisting of roll(w), pitch(¢), yaw(
k) (M= M_M,M,). fis focal length, zy,y, are principal
offset, A, K5, K; are radial distortion parameters, 7y, P, are
decentering distortion parameters, b;,b, are in-plane distortion

parameters.
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where - indicates exterior orientation parameters, " is for

interior orientation parameters, - - is for the ground control
points, B is coefficient matrices derived from Eq. (1), § is

correction, / is identity matrix, [ is constant, v is residual vector.
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where, L is the image patch in reference image, and R is the
target image patch within the search region, both are in the size

of wxw. L, R are averages of all intensity value in the patches.
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Preparation
-Target creation
-Model creation

]

Camera calibration
(self-calibration)

[
¢ v

Image acquisition
after loading test

Image acquisition
before loading test

l l

EOP estimation

EOP estimation

Grid point generation
—| (model chamber | —
surface)

Grid point at images
(before loading)

Grid point at images
(after loading)

Image matching
between grid points
for displacement
vectors

Fig. 1. The flowchart for measurement of soil deformation
before and after loading test
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Table 2. Control points coordinates measured using
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29 | 1410| 7382] 58] 59 | 21677 4502] 63
30 | 11410] 5190 2109] 60 |21732] 1488 2137

Fig. 2. Image acquisitions for camera calibration
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Table 3. Bundle adjusted exterior orientation parameters

roll pitch yaw XL YL ZL
(degree) | (degree) | (degree) | (mm) | (mm) | (mm)
-1 0 0 1123 | 486 | 3432
1 2 -90 1016 | 421 | 3432
-2 45 0 3579 | 491 | 2536
2 44 -92 3418 | 445 | 2573
-2 -39 -2 -1127 | 486 | 2584
0 -43 -91 -1207 | 425 | 2515
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Table 4. Camera calibration results

f=5.2219¢+01

x0 =-1.0061e-01
yo = 1.5801e-01

K1 = 4.0880e-05
K2 = 7.9048e-08
K3 = -1.6591e-10

decentering distortions P1 =3.3196e-05
Py, Py P2 =-9.2184¢-06

focal length / [mm]

principal offsets zy,y, [mm]

radial distortions K, K,, K,

bl =1.2517e-04

In-plane distortion b,,b, b2 = -1.0894e-04
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Table. 5. Exterior orientation parameters estimation
before and after loading test

roll pitch yvaw | XL | YL | ZL
(degree)| (degree) |(degree)| (mm)|(mm) | (mm)

Before | -0.23 1.22 -0.32 | 822.1|258.6{3650.6
After | -0.30 0.96 -0.20 | 815.4|261.8 |3636.0

EOPs
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Table 6. Residuals at control points before and after

loading test
Before loading After loading
Pi)li)nt vx(pixel) | vy(pixel) Pi)]i)n t vx(pixel) | vy(pixel)
1 -1.1372 | -0.3683 1 -1.3672 | -0.0596
2 -1.1466 | -0.0963 2 -1.0948 | -1.0266
3 0.2606 | -0.3887 3 0.4603 0.3979
4 0.1916 0.7968 4 0.1182 0.3221
5 -0.1369 0.898 5 -0.7967 0.1363
6 -0.9968 | -0.5818 6 -0.7715 0.4501
7 -0.1604 0.5816 7 -0.0509 0.804
8 0.2139 0.3095 8 0.3143 | -0.0817
9 1.2452 | -0.5189 9 1.3221 | -0.5018
10 1.168 -0.5645 10 1.4072 | -0.4679
11 0.4968 | -0.0745 11 0.4568 0.0207
RMSE| 0.7953 0.5312 |RMSE| 0.8822 0.4922
3.3t &4
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(a) window size 7x7

(b) window size 15x15

(c) window size 65x65

Fig. 9. Deformation vectors derived from image matching
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(a) cross correlation > 0.5
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(c) cross correlation > 0.5 and 5x5 median filter

Fig. 10. Effects of image smoothing and thresholding
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