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Abstract In this study, we propose an improved cavern capacity calculation model to address the defects of existing
point cloud methods. First, the cavern preprocessed point cloud is sectioned into several point cloud slices from the
bottom to the top along the height direction. For each slice, the contour points of two cross sections are extracted
using the presented hierarchical projection method, and the section contour polygon is constructed correctly by using
the improved ordering algorithm for section contour points. Subsequently, the area of each cross section is
calculated using the coordinate analytic method. Given the structures of the caverns, the cell volumes of the lower
side wall and upper arch of caverns are calculated by using models of cylinder and trustum of a pyramid,
respectively. Finally, the capacity table of the caverns can be acquired based on the volume of every polyhedron from
the bottom to the top. The performance of the proposed method is evaluated using three representative point cloud
fragments from a cavern. The results denote that the accuracy of the output capacity table obtained by experiments
is an order of magnitude higher than that demanded by the standard requirement. The proposed approach shows
good adaptability with respect to the complex structure of caverns.

Key words measurement; capacity of cavern; hierarchical projection method; section contour point ordering; point
cloud slicing; terrestrial lidar
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Fig. 1 Schematic of reconstructing convex hull by Graham scan algorithm. (a) Search for pole; (b) polar-angle based
ordering; (c) elimination of internal points; (d) (e) (f) three sequential points form anticlockwise direction;

(g) three sequential points form clockwise direction; (h) reconstructed convex hull
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Table 1 Parameter information of experimental data

Average point

Data Number of points
density /mm
Line-shape 981,837
Turning-shape 1,042,796 8
Intersection-shape 1,836,865
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Fig. 3 Effect pictures of experimental data. (a) Size of cross section of cavern; (b) line-shaped point cloud fragment;

(c)(d) (e) sizes of line-shaped, turning-shaped, and intersection-shaped point cloud fragments

3.2 XWSH

AT AW K A ANSEGCSHIBE R 2
TR FER VIR By B, DD Ia) B A HCME B 4 5 i 2%
HRMNESERIBITRCEP A bR, B B
[i] 5 75 dk RS B 2 A OG, SRR BT RUCR 2 OE
DG, MR BRSOk 12 ]9 U 3 S0 86, 8 Rk )
T B BB 55 7 A i A 8D 19 6 R L 25 %5 I LU
FE B AES A G S HE TS R 3 5 Y U0 ) )
Bohg M a4 58 4 cm 5 10 em. 78 8% 10 8 BF
PRI B, $E R I HE ¢ M R P42 r I EBUH I W 2
2 BRI (- Y s ) B . it Z R SR RS S
BN AR Z BB e HOF- 34 20% BE 19 1/8 CHIAE B
AU s BOP X %

£2 SLHBH

Table 2 Experimental parameters

Stage Parameter Value
. . hy/cm 4
Point cloud slicing
hi/cm 10
) ) e /mm 1
Contour point extraction
r/mm 8
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Fig. 4 Experimental results of contour point extraction. (a) Schematic of hierarchical projection; (b) detailed

image of contour points
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Table 3 Comparison between polar-angle based

ordering method and our method

Number of points

Number with wrong order
Data
of points Polar-angle
Ours
based ordering
Line-shape 1,345 20
Turning-shape 1,148 213 0
Intersection-shape 2,610 1,039
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Fig. 5 Experimental results of section contour point ordering (data are down-sampled for better visualization) .

(a)(b) (c¢) Polar-angle based ordering method; (d)(e)(f) our method
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Table 4 Area table of line-shaped data
. Area of cross sections /m? Relative error /%
Height /m - ; : -
Ground truth Trigonometric method Ours Trigonometric method Ours
0.5 36.105 36.103 36.105 0.006 0
1.0 36.208 36.204 36.205 0.011 0.008
1.5 36.030 36.040 36.035 0.028 0.014
2.0 35.466 35.472 35.469 0.017 0.008
2.5 28.746 28.750 28.749 0.014 0.010
5 LY R
Table 5 Area table of turning-shaped data
. Area of cross sections /m? Relative error /%
Height /m - - ; -
Ground truth Trigonometric method Ours Trigonometric method Ours
0.5 43.839 43.950 43.846 0.253 0.016
1.0 43.874 43.994 43.874 0.274 0
1.5 43.881 43.914 43.867 0.075 0.032
2.0 43.065 44,127 43.068 2.466 0.007
2.5 34.114 35.117 34.109 2.940 0.015
6 AT B Y 1 X
Table 6 Area table of intersection-shaped data
. Area of cross sections /m® Relative error /%
Height /m -
Ground truth  Trigonometric method Ours Trigonometric method Ours
0.5 67.061 79.039 67.073 17.861 0.018
1.0 66.966 79.055 66.975 18.052 0.013
1.5 66.791 79.196 66.785 18.573 0.009
2.0 66.902 79.047 66.906 18.153 0.006
2.5 53.924 67.249 53.920 24.711 0.007
7T OEATLEBIEN A
Table 7 Capacity table of three experimental data
Height / Line-shaped data Turning-shaped data Intersection-shaped data
Ours / Ground Relative Ours / Ground Relative Ours / Ground Relative
" m® truth /m’® error /% m? truth / m®  error /% m? truth /m® error /%
0.50 18.019 18.019 0 21.879 21.878 0.005 33.532 33.530 0.006
0.75 27.055 27.054 0.004 32.840 32.840 0 50.286 50.284 0.004
1.00 36.107 36.105 0.006 43.804 43.805 0.002 67.038 67.035 0.004
1.25 45.146 45.144 0.004 54.771 54.772 0.002 83.771 83.766 0.006
1.50 54.165 54.163 0.004 65.742 65.743 0.002 100.482 100.477 0.005
1.75 63.169 63.166 0.005 76.705 76.707 0.003 117.169 117.163 0.005
2.00 72.124 72.122 0.003 87.625 87.629 0.005 133.958 133.953 0.004
2.25 80.729 80.728 0.001 97.992 97.999 0.007 150.186 150.184 0.001
2.50 88.480 88.480 0 107.257 107.268 0.010 164.773 164.773 0
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