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Research on dynamic voxelization-based collision detection in
construction scenarios
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Abstract: Among all safety accidents in construction scenarios, collision accidents are regarded as one of the most
common types of injury. To effectively prevent and monitor the occurrence of collision accidents, the computer
graphics analysis technology has been used to assist collision detection and analysis; however, limitations remain in
balancing the real-time performance with high precision of detection. To address this, a collision-detection method
based on dynamic voxelization was proposed. This method integrated the generation of dynamic spatial voxel tree
with the dynamic spherical voxelization calculation of resources to construct a collision detection and analysis
mechanism. The core ideas are as follows: (D Based on the crowding-degree threshold, the space was recursively
divided to generate a dynamic voxel tree, effectively filtering out non-collision risk areas. @ The side length of voxel
units were dynamically calculated according to the relative distance between resources and resource volume, realizing

the adaptive adjustment of voxel granularity. @ Spherical voxels were used instead of traditional cubic voxels to
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avoid the computational burden of non-axis-aligned detection. @ A hollowing-out procedure was introduced to
eliminate internal invalid voxels, further optimizing detection efficiency. This method can accurately capture
resource interactions in complex dynamic construction environments, significantly improving detection accuracy and
optimizing computational efficiency. Experimental results showed that compared with traditional methods, the
proposed method significantly improved the detection accuracy, with precision and accuracy reaching 94.64% and
96.67%, respectively. In terms of collision detection time, it was more efficient than most existing methods, with a
calculation speed increase of at least about 11.36%. At the same time, the study analyzed the impact of key
parameters such as voxel-tree depth, root-node size, and voxel side length on performance, and analyzed the
consumption of CPU resources and memory resources by the method in scenarios of different scales. The
consumption was within an acceptable range, verifying the applicability of the method in construction scenarios. The
method provided an effective new idea of information processing for enhancing the intelligent level of construction
safety management.

Keywords: construction scenarios; computer graphics analysis; dynamic spatial voxel tree; dynamic spherical

voxelization; adaptive adjustment; collision detection
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Fig. 1 Flow chart of collision detection based on
dynamic voxelization
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Fig.2 Voxel tree structure and segmentation conditions
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Fig. 3 Examples of crowdedness in architectural scenarios
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(e) Triangular mesh; (f) Spherical voxelization)
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Table 3 Comparison of detection times/ms

Tk SC N IR/ M Y3t 2 AH TG
AABB 103.27 99.01 426 99.850
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Fig. 12 The calculation time of the proposed method at
different depths

2.5 RTRRTRRM

AR R RO 2 S Wi AR A R e 1 & AT
RS AL, I WAL A I R, v A
[ AR SRS, RIS B A Xl A 00 e 1) )

SUMARRRE o SLUS R I (A] B 07 2, 150 Al i (]
MR A 5 0.1 so SEEG RN 15.0 s, FFidsgdt
i) PR/, L 2 i B - A A 0 T ¥ A6 1) B
[(ms). B8 FIREN BORIREEN 7, RAT AR
(0, 0,22.5), SLEGZEF LR 4. B 50 AR
UL A R R PR, AR SRS R ME A
50 m, ST R, SRS W )R] S ek
B, AR RS BN, RS I B ()RR SR A
S RSFIZRETIG R, B R FEEAREIE, RSF R+
F1 1 EE RSN T AR RRR, TR R IR R R REAS
AR, RGBS BHB T BER, R
5 ERI 7 A RS R39S N0k, A
5 FIORELAIE T RS I (R 9 o 2 RS IR K, I
RET W RS R, Fre & s <5
%, M 3G 0 B8 2 104 22 BR 14D g Al 43 A 174Dk
B, FOREREREAS I B A] . 75 RSF N 65 m B,
FIRB—NFAT, ARG ] b

F 4 ANXFFEERERT R R T R4 ]
Table 4 The detection time of the proposed method
under different root node sizes
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70 247.21 702.35 949.56
75 196.23 927.73 1123.96
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Table 5 The detection time of the proposed method
under different side lengths of voxel units

e PR R L Kol i) /ms
SN A
1 1.2 1.2 212.98
2 09 09 373.59
3 0.6 0.6 909.87
4 03 0.3 8 532.30
5 03 12 6 169.54
6 0.6 09 397.23
7 09 0.6 454.79
8 1.2 03 2713.62
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Fig. 13 Examples of the proposed method under different
side lengths of voxel units ((a) Original view; (b) N=1.2 m,
Nx-Ny-Nz=29; (c) N=0.9 m, Nx-Ny-Nz=48; (d) N=0.6 m,
Nx:Ny-Nz=135; (e) N=0.3 m, Nx-Ny-Nz=663)
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Fig. 15 Detection time of the proposed method in scenarios
with different scales
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