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Intelligent digital construction for complex frame-panel
structures based on point cloud data and heuristic algorithms
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Abstract: In the construction of large and intricate frame-panel structures, the curvature and twists of the
backbone present a challenge in the assessment of the installation quality and the attachment of the panels. The
classic method for panel detail design is associated with several drawbacks, such as low efficiency and the need
for greater automation. In the context of the Nansha International Finance Forum project, we investigated

intelligent construction techniques for large and intricate frame-panel structures, based on point cloud data

I # B HA:2023-08-29

E&WMAB :HEK A KR4 (52130801)

EE BB (1997-), 53, i A, FENFER @ UF 5% , E-mail : Hill_Liao@stu.cqu.edu.cn,
#ZGEGESR), B 4 ,E-mail:yanzg@ stu.cqu.edu.cn,

Received: 2023-08-29

Foundation item: National Natural Science Foundation of China (No. 52130801)

Author brief: LTAO Yue (1997- ), PhD candidate, main research interest: intelligent construction, E-mail: Hill_Liao@stu.cqu.
edu.cn.

ZENG Yan (corresponding author), PhD candidate, E-mail: yanzg@stu.cqu.edu.cn.



% 14 Bt R TERBEARBARXNFEG LR T -EREHE R TR F & 175

(PCD) and heuristic algorithms. A backward modelling method applicable to the frame was proposed to meet
the demand for the detailed design of the daylighting roof, and to build the reconstruction model for detailed
design. An algorithm for extracting the axes of a polygon’s curved and twisted components was developed to
assist in the geometric description. An intelligent cell extraction method was introduced to address the low
efficiency of manual panel segmentation. Different strategies were used to generate and evaluate panel layout
plans, based on the Guillotine algorithm. The results show that the proposed inverse modeling approach allows
for the acquisition of profile geometry information with a defined sampling interval. Furthermore, the
established frame model exhibits an accuracy better than 6 mm, making it suitable for panel deepening design
applications. Panel cell partitioning methods could automatically extract information about various panel sizes,

reducing manual point selection efforts. The material waste rate of the panel layout plan generated by the

Guillotine algorithm could be limited to 15%.

Keywords: spatial structure; intelligent construction; point could; reverse modeling; heuristic algorithm
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Fig.1 Reverse modeling pipeline of steel frame
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Fig.3 Segmentation and recognition of target balls
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Fig. 6 PCD of roof skeleton without protective net
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Fig.7 Semi-automatic pipeline for PCD segmentation of

the skeleton
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Fig. 9 Pipeline of axis extraction for polygon tubes
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Fig. 10 Axis obtained by Laplacian contraction
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Fig. 11 Extraction of section corner points and axis points
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Fig. 15 Reconstructed BIM model of ceiling steel frame
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Fig. 19 Adjacency matrix with one expanded element
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matrix and its corresponding relationship
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Fig. 21 Three-stage layout principle for panels
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Fig. 22 Different segmentation modes
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Table 2 Results of Guillotine strategy

FEAR W PrEuR A
BECERER NS AR HISE s
o R/% R/%
S 155 14. 41 14. 30
K hh 172 22.87 19.94
B Tl A S Bl 155 14.41 14.25
e Thul 1N
Tl A K Al 172 22.87 20. 09
e KRG 172 22.87 20. 09
FoNE A A 155 14.41 14.32
S i 160 17.08 15.96
KA 172 22.87 18. 36
) Tl 4 i il 158 16.03 15. 66
e SulIN i
T4 KAl 172 22.87 18. 36
KRS 172 22.87 18.32
/NG 158 16.03 15.70
st 157 15.50 14. 34
[ % 170 21.96 18. 28
. Tl 4% i 157 15.50 14. 24
Fe A X I DE e A
Tl 43 KAl 170 21.96 18.28

R RA A 170 21.96 18. 28
/NE R A 157 15. 50 14.67
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Table.3 Results of Guillotine strategy for large-area

mother plates
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Fig. 23 Typical layout of the optimal short-side

matching strategy
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