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still face challenges in efficiency and accuracy. To obtain rock mass structural parameters quickly and
accurately for evaluating the stability of rock slopes. a multi-attitude close-range photogrammetry
method using unmanned aerial vehicles (UAVs) is proposed. Firstly, the conceptual slope model was
established rapidly by measuring key points on site, and the flight route planning and attitude control
model were combined to quickly plan the flight routes and camera orientations. Then, by implementing
software on the remote controller instead of a PC, the method achieves real-time, on-site, coarse-flight-
free, rapid multi-attitude close-range photogrammetry with high-quality image acquisition of high and
steep slopes at millimeter resolution. Finally, the method is validated through a multi-attitude close-
range photogrammetry experiment on a high and steep slope in Jingyue district, Changchun City, Jilin
Province. The feasibility and reliability of the method are assessed based on model accuracy, texture
clarity, and orientation interpretation accuracy. The results show that the accuracy of the model in x, y
and z directions is 0.018, 0.016, and 0.033 m., respectively. The accuracy of dip direction and dip angle
interpretation is 3.1° and 2.6°, respectively. Compared with conventional close-range photogrammetry,
the multi-attitude close-range photogrammetry significantly enhances texture details and greatly reduces
surface distortion effects. The Chinese PCQI (perceived clarity quality index) values are higher, while
the NIQE (natural image quality evaluator) values are lower, indicating better image quality. The result
of PCQI and NIQE metrics both showed that the image captured with 45° lateral tilt and 30° vertical tilt
provide higher quality than those from other tilt angles. Multi-attitude close-range photogrammetry
outperforms conventional close-range photogrammetry, effectively reducing dead angles and mitigating
texture distortion, thereby substantially improving model image quality. The model was verified to be
reliable by point accuracy, distance, and orientation interpretation accuracy assessments. The rock mass
and RQD (rock

quality designation), interpreted by this method provide reliable foundational data for slope stability

structural parameters, such as trace lines, orientations, dominant joint sets,
evaluation.

Key words: drone; nap-of-the-object photogrammetry; multi-pose; steep slope; flight path planning
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Fig.1 Overview map of the study area
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Fig.3 Process flow of rapid fliht path planning for nap-of-the-object photogrammetry
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Fig.6 Schematic diagram of slope orientation and drone camera pose ran
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Table 1 Validation point coordinate verification table of the study area
. GPS S0 A6 47/ m R figt P AL AR/ m T 2/ m
R
x v z x y z Ax Ay Az
Jyl 4852 873.526 457 879.024 297.889 4 852 873.525 457 879.027 297.858 0.001 —0.003 0.031
Jy2 4 852 873.488 457 878.906 297.769 4 852 873.476 457 878.907 297.783 0.012 —0.001 —0.015
jy3 4 852 873.394 457 879.020 297.764 4 852 873.404 457 879.018 297.797 —0.010 0.002 —0.033
Jy4 4852 867.691 457 887.439 298.317 4 852 867.733 457 887.432 298.327 —0.042 0.007 —0.010
Jy5 4852 867.617 457 887.477 298.178 4 852 867.637 457 887.411 298.208 —0.021 0.066 —0.030
Jy6 4 852 867.618 457 887.503 298.155 4 852 867.588 457 887.529 298.140 0.029 —0.026 0.015
Jyl2 4852 880.397 457 864.426 298.503 4 852 880.422 457 864.416 298.506 —0.025 0.009 —0.003
- 3 s 2% 0.018 0.016 0.033
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Fig.10 Validation point location of the study area
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Table 2 3D model features surface orientation interpretation

of the study area
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Fig.11

3D Model texture display from different areas of the study area
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Fig.12 Comparison of different skew angles of the study area
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Fig.13 Comparison of different skew angles 3D model texture

detail of the study area
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Table 4 Semi-automated interpretation results table for manual measurements of the study area

=2 x1/m y1/m z1/m x2/m y2/m z5/m B /m /O /)

1 4 852 812.171 457 825.456 316.16 4 852 809.769 457 823.796 318.657 3.842 331 59

2 4 852 810.297 457 823.231 315.509 4 852 811.826 457 824.765 317.328 2.828 138 84

3 4 852 813.07 457 824.567 316.427 4 852 811.405 457 823.791 317.342 2.052 331 40

4 4 852 814.151 457 825.328 314.578 4 852 812.383 457 824.934 315.154 1.901 288 76

5 4 852 812.336 457 824.908 315.23 4 852 813.442 457 824.064 313.608 2.138 347 48

6 4 852 816.385 457 823.901 311.555 4 852 813.728 457 822.402 311.016 3.098 292 51

7 4 852 815.558 457 822.574 310.314 4 852 813.592 457 822.565 309.978 1.994 92 78

8 4 852 814.128 457 823.147 313.203 4 852 813.257 457 822.079 310.858 2.72 139 87
633 4 852 877.196 457 791.378 316.427 4 852 872.396 457 796.806 312.389 8.296 57 62
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Fig.15 Interpretation map of strata attitudes of the study area
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