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Abstract: In the mountainous regions of Xinjiang, traditional manual survey methods for dangerous rock masses are often
restricted by the complex and steep terrain. To improve the efficiency and automation of dangerous rock masses surveys, this
study proposes a semi-automatic technique using unmanned aerial vehicle (UAV) for high and steep slopes. This methodology
integrates close-range photogrammetry with precise terrain-following flight path planning to generate accurate 3D point cloud

models of ultra-high steep slopes. Considering the distinctive shapes of dangerous rock masses protruding from the slope
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surfaces, this research leveraged CloudCompare software's point cloud segmentation tool to perform semantic segmentation of

these profiled blocks. Furthermore, a qualitative assessment of dangerous rock masses is achieved through an analysis of their

three-dimensional features. This methodology was applied to the ultra-high slope dam site on the left bank of the Yulong Kashi

Hydropower Project. In the test area, four dangerous rock masses were identified (all with stability coefficients lower than 0.9,

average around 2000 m® in volume, with height differences ranging from 7-11m), aligning closely with manual field surveys.

The research shows that high-precision slope point cloud models, integrated with rock body characteristics, can effectively

detect dangerous rock masses, enhance survey efficiency, and mitigate the inaccuracies associated with manual data collection.

This approach holds significant practical value for assessing dangerous rock masses on ultra-high steep slopes.

Keywords: unmanned aerial vehicle; accurate point cloud; profiled block; dangerous rock masses
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E 14 REBEBARETRE
Fig. 14 Downsampling of profiled block



2024 4

REMIA , &5 T AHLHEARTE S BELB A A 8 S o R - 151 -

3.2 KERRFRESRIS & A E T
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TR, (8P A o AR AR AR B BT 1
i ULIAL 15(b), 3k 8 s AT R AE M T ) BE -1 E

(a) BUALLE =5 (b) A EE T

B 15 fKEAZZEERINSABBAREEEFELEAR
Fig. 15 Edge point cloud of the rear wall plane of profiled blocks

extracted based on point cloud density
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E 16 SMTREMNEETERE
Fig. 16 Rear wall plane fitting using the least square method

ARG R ), O 0 5 S 20 B ) i BE AR JEE | s e
TR T e = TURRAE, DUHIBT AP e e i . DA 200

R HLR L1 R, X L1 5 i 0 /N — e 15 51
SRR, B (4) THE S RE 5 KT 9 1) e A
RIS BETAR . K L1 S = T H AR B BE b, 13
TR SHOE S Z IR G R . SRR F L1 Y
RE2ZELE 17) .

B 17 REBBARE LI NEETENSRY
Fig. 17 Rear wall plane and point cloud projection of profiled block L1

L1 (AR FARFLRT LA F Alpha Shape 3451 Sto-
kes B8 . K 18(a) P YL 4 5 = K /8 18 i Alpha
Shape SAREUR BT S IS BEA [0 FORE AN AL . 3%
BT R RE R AL, BeAh, F 18(b) % T 7
TN Y = TR AL L, K T B SR AR

e 3 iR, KA I 7 iRm0 e & S IE R J5
BEMAR . o BE R, A AR BRI K M 22

WA TAEN GBI, iT3RAS 30 K o0 i
Y FE A VR LA K s BE S T B 1 2 S B (g 4) .
HE— 2, X BT A U A S 08 v B A R e T KR
AT ] 7 L 2 5 Ay e B AR (a3 5), wT LR L BR T
L5 LIS R fE s Ak
3.3 faa R ETHN

FEARFT Y, FEHEEL T IR0 X (0 6 A IR 5, 18 75 2
Xof e 6 AR 1 s I 1k A G EA T S RPEAY o IS A A
1A R M R A I S5 S 45 5 R T R A A R R RN
WREERME . N T EEITH LR AR LR, 45
B FE R AR A PR F N i 22 FRAE T (RS ) HEA T T 974

WM 6 FioR, AFRAERE X LI T — R 50 /ML
ARAG 1, RFRIIALE 2 000 m® 2o A5, J& K780 i) Bp S T it
SfE AR, fE AR 2EAE 7~ 15 m, P L4 w2 Hh
14.53 m. 2t B4, B8 fE 6 R B W B BRBR



152 - wh ] b BT R 5 B A A i 5514
% }gg x6 RBRAEESHEERIFEN
w % } ig Table 6 dangerous rock mass and rock mass
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Fig. 18 Alpha Shape algorithm for separate calculation of the rear wall

area and volume of profiled block
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Table 3 Statistical analysis of characteristic data for

profiled blocks
Wikt JEEENUA/(C)  JREEMBUm® BRI 2E/m
L1 50.35 728.15 1712.30 7.65
L2 45.58 835.53 2 398.60 10.60
L3 40.42 842.94 2299.47 9.48
L4 26.23 706.89 329437 14.53
L5 46.61 886.78 1690.18 7.71

®4 REBBAREMENZESH

Table 4 Physical and mechanical parameters of profiled block

2R PUREREE/(KN-m™)  Z5HEEESI/MPa  Z5HTE B/ (0)
A 25.8 0.100 35

x5 EREFRERMNITESER
Table 5 Calculation and qualitative characterization of
stability coefficient of dangerous rock mass
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HRAE AR (L2), H2E0 10.60 m, FAFH 2 398.60 m’,
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