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Abstract There are many symmetric objects in the real world. Three-dimensional (3D) laser scanning equipment can be
used to obtain a 3D point cloud of symmetric objects; however, the 3D point cloud defects are easily caused by occlusion
factors and the equipment itself. To resolve this problem, this paper proposes an incomplete laser 3D point cloud
classification and completion approach based on object symmetry. Herein, according to the symmetric key points in a single
two-dimensional image, a mapping relationship of the symmetric plane was established, and the incomplete point cloud was
classified by the position of the symmetric plane in the point cloud. Moreover, for a half residual defect point cloud,
symmetric plane detection was performed directly followed by the image completion. For a less than half-incomplete point
cloud, it was fused with the mirror point cloud to remove the duplicated data points for image completion. Furthermore, for a
greater than half-incomplete point cloud, the direct hole-repair method was used to complete the missing information after
fusion with the mirror point cloud. For extremely defective point clouds, the input point cloud was fused with the mirror point
cloud and then fused with a completed similar point cloud as too much information was missing. Finally, redundant points
were removed to complete the missing information. The experimental results of the actual acquisition point cloud of the
incomplete 3D point cloud and the point cloud in the public database show that the proposed approach can complete different
types of incomplete point clouds. These results are very similar to that of the entire complete point clouds. Thus, here, the
effectiveness and feasibility of the proposed classification and completion approach are verified.
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Fig. 1 Approach architecture and system construction. (a) Proposed method framework; (b) schematic of system construction

A
/ | \

A

hexagonal prism hexagonal pyramid rectangular pyramid

iron tower

K2 ZuiRGEMEEHHIEENS

Fig. 2 Partial complete point cloud after multi-station collection and fusion

2010004-2



£ 6055 20H9/2023 F£ 10 B/ M5B FFEHE

F1 RBEUFLSHE

Table 1 System equipment and parameter setting

Parameter setting
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Table 2 Classification of incomplete point cloud

Category Sample graph

Feature and definition
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Half residual defect point cloud
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Table 3 Evaluation index value of half residual defect point

cloud
o Hexagonal Rectangular
Evaluation index . .
pyramid pyramid
RMS /cm 0.1028 0.1702
Surface area of half residual
. ) 113.17 188.51
defect point cloud /cm
Surface area of the full model
. ) 200. 81 327.90
point cloud /cm
Surface area of the fused
199. 40 327.09

point cloud /cm®
Surface area approximation
of the fused point cloud to 99. 3 99.8
the full model point cloud /%
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Fig. 6 Completion results of incomplete point cloud less than half (single acquisition). (a) Iron tower; (b) pyramid; (c¢) dodecahedron;
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Table 4 Evaluation index value of incomplete point cloud less than half

o ) Hexagonal Missile
Evaluation index Iron tower Pyramid  Dodecahedron ) House
prisms car
RMS /cm 0.1379 0. 0806 0. 0867 0. 0945 0.1746  0.1288
Surface area of incomplete point cloud less than half /cm® 67.56 71.02 124.04 209.92 122.45  56.92
Surface area of the full model point cloud /cm® 117.51 138.74 219.13 275.73 134.78  75.06
Surface area of the fused point cloud /cm® 117.29 136.79 217.51 270.67 134.31 73.72
Surface area approximation of the fused point cloud to
i 99.8 98.6 99.3 98.2 99.7 98.2
the full model point cloud /%
i §
b | B
F5 1
B
incomplete point ;
cloud less than half plane detection T remly complegormmpilh
B 7 gRi RIS (A S RBDARER () 5T (b)%%’ﬁi
Fig. 7 Completion results of incomplete point cloud less than half (self defect). (a) House; (b) missile car
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Table 5 Evaluation index value of incomplete point cloud more

than half
Evaluation index Cross Sofa
RMS /cm 0.1484 0.1382
Surface area of incomplete point
) 148.77 21225.35
cloud more than half /cm®
Surface area of the full model
: , 356. 26 50048. 46
point cloud /cm?
Surface area of the fused point
362.06 50318.77

cloud /cm®
Surface area approximation of the

fused point cloud 98.4 99.5
to the full model point cloud /%
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Fig. 9 Completion results of incomplete point cloud more than

half (cross)
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Table 6 Evaluation index value of extremely defective point

cloud
Evaluation index Faucet Armchair
RMS /cm 0. 0549 0.1210
Surface area of extremely
. . , 630. 03 10330. 24
defective point cloud /cm®
Surface area of the full model
. , 2051. 74 31776.47
point cloud /cm®
Surface area of the fused point
2082.19 31079. 61

cloud /em®
Surface area approximation of the
fused point cloud to the 98.5 97.8
full model point cloud /%

Faucet LI 45 R il 5 5 i n R 58 B i =3k
T AL 2254 30. 45 em”, AHXF 1R 22 1. 5% ; Armchair 3256
gk SRS s R T S s R T
696. 86 cm”, FIXT 1R 2K 2. 2%, Herb 2 1 AR /D (1)
AL s = B 38 s m A Al A AN 8- . B8R
SRR G G S s R S S R
B ARAR XS 12 22 AR /I, UE BH T 48 J7 32 X6 0 B e o
AR
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TE FR A, SR AR AR 52 5 0 2 5 X AR T A O FR X
G R RGN PRI S
FREER T Rz FRtd A m R R . D
Fe bRk A K 7 5 SRR R D SR R 4, R
Pt ik AT R ah 4 JF RN R S5 R 5 S8 B R
o YA WK, PR Oy FEAN S U5 ik BERE A R 2R R
IR 58 % 5z Ab 22 5 58 B IR A AR BL A K 2 TR S
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