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Abstract A basic content of the morphological analysis of space objects is obtaining the volume parameter. LiDAR
can be effectively used to scan space objects to obtain the laser point cloud and calculate its volume. First, a three-
dimensional (3-D) LiDAR was used to scan the object to obtain the original point cloud; then, after 3-D space
transformation, the point cloud is repaired with missing data, and the filtering and down-sampling processes were
conducted to denoise and reduce the point cloud data. Finally, an implicit surface reconstruction algorithm was used
to build the mesh model of the 3-D point cloud, and the volume was obtained from the mesh model. Two
experimental objects were scanned using the LiDAR for experimental verifications. Compared with the actual
volumes, the errors of the two experimental volumes are only 0.456% and 0.394%, indicating that the proposed
volume calculation method demonstrates good surface reconstruction effect and volume calculation accuracy.
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Fig. 1 Flow chart of point cloud processing
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Fig. 2 Schematic of coordinate rotation transformation. (a) First and second rotation; (b) third rotation
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Fig. 3 Experimental measurement site. (a) Collecting classroom data; (b) collecting corridor data;

(¢) point cloud visualization during acquisition
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Table 1 Experimental results and volume calculation results
Experiment Experimental subject
procedure Classroom Combination of classroom and corridor
Z m
Raw point cloud
Y/m e
lZ/m
Spatial
transformation . oo
: —~Xm
Rotation angle O 5 ) . .
(19.695 ,22.854°,81.333 J (4.439 ,9.495°,71.313 )
(. B.7)
Mesh grid model - F
Volume
91.993 224.580
calculation /m?
Error /% 0.925 0.764
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Table 2 Amount of point cloud of classroom after filtering under different 2 and «

a

g 1.0 1.2 1.4 1.6 1.8
1 81258 84834 87910 90562 92898
2 82140 85722 88843 91511 93701
3 83948 87749 90542 92591 94067
4 85468 88909 91338 93015 94223
£ 3 Ak Fla T ARSI =
Table 3 Amount of point cloud of combination after filtering under different £ and «
. a
1.0 1.2 1.4 1.6 1.8
1 219644 230123 239980 247110 252330
2 223300 234091 242752 249090 253046
3 227909 237130 243769 248607 251782
4 230522 238643 244343 248378 251288
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(d) k=4, a=1.05 (e) k=4, a=1.4; () k=4,a=1.8
Fig. 4 Classroom point clouds under different # and a. (a) k=1, a=1.0; (b) k=1,a=1.4;
(c) k=1, a=1.8; (d) k=4, a=1.0; (e) k=4, a=1.4; () k=4, a=1.8

B 5 ARk Ma BHGHES S, () k=1, a=1.05(b) k=1,a=1.45(c) k=1,a=1.8;
() k=4, a=1.05 (&) k=4, a=1.4; (D k=4,a=1.8
Fig. 5 Combination point clouds under different # and a. (a) k=1, «=1.0; (b) k=1, a=1.4;
() k=1, a=1.8; (d) k=4, a=1.0; (e) k=4, a=1.4; (D) k=4, a=1.8
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Table 4 Amounts of point cloud for classroom and combination under different grid side length L,

L,/m 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18
Classroom 92619 74240 49935 31349 21312 14772 11208 7929 6272
Combination 251568 208663 141828 89164 59113 41521 30633 23689 18145
(b)
< *
(D
g2
£ . £1
= 0
NY) ) N -
My : 5 4 4‘2\\\ B 4
})2 3 s 0 >y 0\\\\ Ty 0
Ty -2 6 xS Ty 275 A g™

F6 ANEMEHK L. FHEES ., () 0.02 m; (b) 0.06 m; (¢) 0.12 m; (d) 0.18 m
Fig. 6 Classroom point clouds under different grid side length L,. (a) 0.02 m; (b) 0.06 m; (c¢) 0.12 m; (d) 0.18 m
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Fig. 7 Combination point clouds under different grid side length L,. (a) 0.02 m; (b) 0.06 m; (¢) 0.12 m; (d) 0.18 m
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Table 5 Classroom point cloud volume after filtering and down-sampling under different parameter combinations  m’

(ksa)
L./m
(1,1.0) (1.1.2) (1.1.4) (2,1.00 (2,1.2) (2,1.4)
0.02 93.010 92.945 92.872 92.946 92.880 92.830
0.04 93.097 93.064 92.994 93.043 93.002 92.962
0.06 93.086 93.069 93.040 93.037 93.030 92.986
(ksa)
L.,/m ‘
(3,1.0) (3.1.2) (3.1.4) (4,1.0) (4,1.2) (4.1.4)
0.02 93.257 93.207 93.087 93.216 93.141 93.068
0.04 93.275 93.250 93.133 93.193 93.144 93.118
0.06 93.199 93.147 93.056 93.127 93.139 93.068
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Table 6 Combination point cloud volume after filtering and down-sampling under different parameter combinations m?

L./m (ksa)

(1,1.00 (1,1.2) (1,1.4) (2,1.0) (2,1.2) (2,1.0
0.02 226.880 226.663 226.759 226.826 226.668 226.559
0.04 226.933 226.903 226.744 226.860 226.700 226.701
0.06 226,771 226.712 226.700 226.826 226.755 226.595
L./m (ksa)

(3,1.00 (3,1.2) (3,1.0) (4,1.0) (4,1.2) (4.1.0)
0.02 227.119 227.051 226.919 226.978 227.016 226.932
0.04 227.200 227.150 227.061 226.956 227.089 227.083
0.06 227.035 226.954 226.852 226.987 226.985 226.907
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Fig. 8 Triangular mesh model of two experimental objects. (a) Classroom; (b) combination
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