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Abstract

Monitoring Techniques for Evaluating Slope Stability by a
Rotary—wing Unmanned Aerial Vehicle

By Geon Ju Lee
Adv. Prof. : Seong-Seung Kang, Ph.D,
Dept. of Energy and Resources Engineering

Graduate School of Chosun University

The entire country is the forestry with a ratio of 7:3 which are more than
twice as wide as the land and road. However, due to industrialization and
urbanization every year, the development area of forestry 1is constantly
increasing. The growth in the development area of forestry has increased in not
only the road but also the steep slope such as the retaining wall and cut slope
of the downtown area. It is also an important factor causing damages such as
landslides. Therefore, an efficient and systematic method are required to
evaluate stability of steep slope.

Recently, studies using unmanned aerial vehicles(UAVs) have been actively
progressed in various fields at the inside and outside of the country. Because
UAVs are inexpensive to operate and can quickly acquire data in a pervasive
area, it 1s applied to disaster such as flood, fire, searching for marine or
mountain, various monitoring, large-scale pesticide application, communication,
image, geospatial information, design, geological survey and mapping, and
natural disaster monitoring. For this study, the information of slope which is
difficult to be measured is obtained through 3D image analysis using UAVs and
through its information is carried out the stability evaluation for cut slope of
open—pit limestone mine.

The stability evaluation for cut slope was carried out at open-pit limestone
mine with a width of about 70 m and a height of about 30 m. As a result of
the stereographic projection analysis using 45 discontinuities data measured at

the cut slope, there are two pole points in the envelope of plane failure, and 167
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intersection lines in the envelope of wedge failure. Therefore, it can be
estimated that the plane failure or wedge failure may be occurred. However,
there is no possibility of toppling failure. As a result of the limit equilibrium
method(LEM) based on the results of the stereographic projection analysis, the
safety factor of plane type for Case 1 was estimated 0.992/0.875 at dry/wet
condition, and 0.762/0.622 for Case 2 at dry/wet condition. It is less than the
safety factor of 15/1/2 at dry/wet condition. The wedge failure was evaluated
to be the safety factor of 7.857/7.337 for Case 1, 0.764/0.666 for Case 2.
Therefore, Case 1 was evaluated to stable and Case 2 was evaluated to
unstable condition, respectively. The safety factor for the final excavation of the
analytical model calculated by the strength reduction method was evaluated to
be stable at 3.21. The maximum shear strain( ,,,) was confirmed to be
concentrated at toe of the slope, and the total displacement was confirmed to be
the largest value of 24 cm at toe.

As a result of the analysis of 3D image in the four case using unmanned
aerial vehicle, especially in the third case ground control point error was
represented 1.7847 cm in the X axis, 1.5747 cm in the Y axis, 1.2530 cm in the
7 axis, it is lowest error compared to other cases. It is generally correspond
that the average error of 10 cm used for the ground control point in aerial
photogrammetry is within the allowable error range. Therefore it is considered
that the third image monitoring method is most suitable for risk analysis and
calculation of blasted limestone volume in this study. As a result of the
analysis of the 3D slope model and the risk analysis, it is possible to visually
confirm the joint development status from the first to fourth aerial
photogrammetry. Using Digital Elevation Model(DEM) and Orthomosaic, it was
confirmed that quantitative limestone volume calculation analysis was possible

by the difference of topographic changes before and after blasting.
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Import Images

- To add photos
- To achieve good reconstruction results it is necessary to mask

v

all irrelevant elements on the source photos.

Align Photos

- To refine the camera position for each photo and builds the
point cloud model,

v

- Accuracy, Pair preselection, Constrain features by mask,

Import GCPs

- To optimize camera positions and orientation allowing for
better model reconstruction results.

v

- To generate georeferenced orthophoto at least 10-15 GCPs,

Build Dense Point Cloud

- To calculate depth information for each camera to be
combined into a single dense point cloud

v

- Quality, Depth filtering, Reuse depth maps

Build Mesh

- To generate polygonal mesh model based on the dense cloud
data
- Surface type, Source data, Polygonal count, Interpolation

v

Build Texture, Orthophoto, DEM

- Mapping mode, Blending mode, Texture size./count, Color
correction
- Projection type, Pixel size, Split in blocks, Region

v

- To analyze 3D image.

Analysis
% 310 #Y FEAR G BEE oA
¥ 310 2 39 G 5

12k 22F 3k 4=}
Fogw AR 349 335 310 300

IERE]
R 7 8 4 6

e 5
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F 41 003 A3 Bk AN SH4d =dE5He] F3F AA

Ho T3/ 7 AL o T/ 73
1 N4OW/78E 24 N44W/32E
2 N46W/60E 25 N32W/81W
3 N60E/82W 26 N78W/62W
4 N42W/70E 27 N38W/83E
5 N52W/88W 28 N62E/44E
6 N50E/86W 29 N70W/63W
7 N28W/88W 30 N14W/64E
8 N38E/74W 31 N34E/80E
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1 pix
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E 44 17 9% BAAS 2 4993
Value Error F| Cx Cy B1 B2 K1 K2 K3 P1 P2

F 2331.23 0.15 1.00 0.11 002 | 049 | 008 | -025 | 034 | -0.10 | -042 | -0.18
Cx -32.5741 0.038 1.00 | 012 | 001 | -0.03 | -0.10 | -0.02 | 0.06 0.52 0.26
Cy -8.76546 0.066 1.00 | -043 | -0.25 | 0.17 | -0.03 | 0.05 0.16 | -0.45
Bl 1.2918 0.06 1.00 011 | -0.11 | 001 | -0.10 | 0.02 0.22
B2 0.914811 0.045 1.00 | -011 | 0.04 | -0.03 | -0.15 | 0.24
K1 -0.128931 3.8e-05 1.00 | -091 | 0.87 024 | -0.36
K2 0.107032 7.3e-05 1.00 | 095 | -0.26 | 0.03
K3 | -0.014033 4.4e-05 1.00 0.18 | -0.12
P1 | 4.11675e-05 | 6.1e-06 1.00 | -0.03
P2 | 0.000421119 | 5.9e-06 1.00
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GCP_1 -19.5025 -8.5371 -9.6638 23.3798 0.080 (41)
GCP_2 2.9084 3.2369 -28.3102 28.6427 0.087 (53)
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F 4722 ¥ BAAT 2 AudE

Value Error F Cx Cy Bl B2 K1 K2 K3 P1 P2
F 2330.33 0.16 1.00 | 0.09 | -0.10 | -0.50 | 0.04 | -0.35 | 037 | -0.12 | -0.44 | -0.11
Cx -32.3041 0.037 1.00 | -0.09 | 0.00 | -0.06 | -0.06 | -0.04 | 0.08 | 0.57 | 0.19
Cy -8.09867 0.059 1.00 | -0.35 | -0.20 | 0.13 | -0.05 | 0.03 | 0.12 | -0.37
Bl 1.2942 0.053 1.00 | 0.07 | -0.04 | -0.02 | -0.08 | 0.12 | 0.17
B2 0.706131 0.041 1.00 | -0.06 | 003 | -0.03 | -0.15 | 0.20
K1 -0.129159 | 3.7e-05 1.00 | 093 | 0.86 | 0.23 | -0.24
K2 0.107474 7.5e-05 100 | -095 | -0.25 | 0.01
K3 | -0.0144305 | 4.6e-05 1.00 | 016 | -0.07
P1 | 0.000117694 | 6.2e-06 1.00 | 0.02
P2 | 0.00045584 | 4.4e-06 1.00
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a9 417 23 @ ATIER #E oA
E 49 27 94 ANEY FE 0%
X 22 (ecm) | Y 23 (em) | Z 2% (cm) 3 (cm) A (pix)
GCP_1 -1.4607 1.8074 14.2564 14.4446 0.099 (24)
GCP_2 5.8420 -12.8315 '7.6082 16.0206 0.057 (19)
GCP_3 -8.7545 -6.0127 -30.2562 32.0660 0.049 (17)
GCP_4 -8.0700 7.4063 -6.9132 12.9526 0.102 (21)
) 6.6714 8.0455 17.4954 20.3796 0.083
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3410 37 Y BAAS 2 dddgE

Value Error F Cx Cy Bl B2 K1 K2 K3 P1 P2
F 2326.54 0.31 1.00 | 0.13 | -0.05 | -0.48 | -0.01 | -0.38 | 0.39 | -0.12 | -0.49 | -0.12
Cx -33.4944 0.067 1.00 | -0.13 | 0.01 | -0.01 | -0.09 | -0.02 | 0.08 | 047 | 0.24
Cy -6.17681 0.11 1.00 | 045 | -0.22 | 0.15 | -0.04 | 0.04 | 012 | -0.41
Bl 0.700369 0.1 1.00 | 0.11 | -0.04 | -0.04 | -0.07 | 0.12 | 0.19
B2 0.148785 0.072 1.00 | -0.06 | 0.02 | -0.04 | -0.11 | 0.22
K1 | -0.127475 | 6.9e-05 1.00 | -0.93 | 0.86 | 024 | -0.25
K2 | 0.105739 0.00013 1.00 | 094 | -0.27 | 0.01
K3 | -0.0134851 8e-05 1.00 | 0.16 | -0.08
P1 | 0.000183524 | 1.1e-05 1.00 | 0.05
P2 | 0.000131546 | 8.6e-06 1.00
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9 424 37 S ATIEA FHE A
E 412 3% 9 AV AR oA
X 22 (em) | Y 22 (em) | Z £ (cm) 3 (cm) AR (pix)
GCP_1 -0.5292 -1.0023 0.6268 1.2952 0.141 (22)
GCP_2 -0.7044 0.6495 -1.5850 1.8521 0.196 (30)
GCP_3 2.9315 -1.6217 -0.3390 3.3673 0.109 (25)
GCP_4 -1.8361 2.4213 1.8057 3.5348 0.088 (6)
o 1.7847 1.5747 1.2530 2.6898 0.153
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3 413 43 Y BAAS 3 dadgE

Value Error F Cx Cy Bl B2 K1 K2 K3 P1 P2
F 2335.28 0.21 1.00 | 013 | -0.02 | -0.30 | 0.05 | -0.36 | 052 | -0.13 | -0.62 | -0.22
Cx -32.5289 0.035 1.00 | -0.16 | -0.01 | 0.04 | -0.28 | 0.06 | -0.03 | 0.37 | 0.36
Cy -8.3541 0.05 1.00 | 022 | -0.18 | 0.20 | -0.03 | 0.07 | 0.08 | -0.40
Bl 1.12554 0.052 1.00 | 0.04 | -0.04 | -0.02 | -0.07 | 0.05 | 0.06
B2 0.447555 0.04 1.00 | -0.09 | 005 | -0.05 | -0.07 | 0.22
K1 | -0.128971 4e-05 1.00 | -0.85 | 0.82 | 027 | -0.37
K2 | 0.107622 7.1e-05 1.00 | -0.90 | -0.37 | -0.04
K3 | -0.0140202 4e-05 1.00 | 016 | -0.14
P1 | 2.77527e-06 | 6e-06 1.00 | 012
P2 | 0.000437139 | 4e-06 1.00
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3E 415 42 A ATIER FE A
X 23 (em) | Y &2 (cm) | Z 23 (cm) 3 (cm) A2 (pix)
GCP_1 11.2555 -3.7678 4.1329 12.5683 0.053 (17)
GCP_2 0.3572 -8.5813 -22.6511 24.2248 0.134 (25)
GCP_3 4.6257 -6.4592 12.7651 15.0354 0.102 (24)
GCP_4 17.0769 -15.8023 5.8149 23.9822 0.155 (19)
k) 10.4861 9.7374 13.4807 19.6597 0.119
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