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Research for Generating Parametric Model of Bridge
Using Point Cloud Data
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Abstract: The Ministry of Land, Infrastructure, Transport and Tourism (MLIT) has developed specifica-
tions and description standards for the creation of 3D models in order to maintain and manage bridges
efficiently. The main target of maintenance is the existing bridges. It is not easy to generate a 3D model
using a paper drawing. Existing studies have proposed methods to generate 3D models by estimating the
edges and surfaces of structures from point cloud data using TLS and UAV. However, it is not always possible
to measure a bridge from all directions, so the application of existing research is limited. The authors have
established a partnership between industry, government and academia to investigate parametric modeling of
bridges for maintenance. In this research, we propose a method of fitting point clouds to parametric models
using an optimizing method. This is be able to generate a 3D model that preserves the general shape using
point cloud data, even in places where structures cannot be measured from all directions.
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Fig. 1 Terrestrial laser scanner (FARO Focus3D).
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Fig. 4 Parametric model of T-shaped pier.
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Table 2 Parameters and constraint condition of T-shaped pier.
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Fig. 5 Data structure based on ISO 10303 (STEP).
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Fig. 6 Processing flow of the proposed method.
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Fig. 7 Selection and crossover of the proposed method.
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Table 3 Example of genetic design for T-shaped pier.

v Bz B NRE—v | KE
A—F | AT v el e vy MK
X 0.5m 0.0~7.0m 16 4bit
Y 0.5m 0.0~7.0m 16 4bit
z 0.5m 0.0~7.0m 16 4bit
Roll 10.0/ | 0.0~150.05 16 4bit
Pitch 10.0FE | 0.0~150.0% 16 4bit
Yaw 10.0B£ |  0.0~150.0/% 16 4bit
pl 0.5m 0.5~8.0m 16 4bit
p2 0.5m 3.0~18.0m 32 5bit
p3 0.5m 0.5~8.0m 16 4bit
p4 0.5m 0.5~8.0m 16 4bit
ps 0.5m 0.5~4.0m 8 3bit
p6 10.0/ | 10.0~80.02 8 3bit
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Fig. 8 Crossover method.
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Fig. 9 Calculation method of precision.
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Table 4 Parameters and set values of the proposed method.
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Fig. 10 Model template for experiments.
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Table 5 Parameters of model template for experiments.

HRAL R7 | BER PRARHEEH RE | ME
A—F | Tv7 —v | Ev b
FaHT pl 0.10m 2.00~8.40m 64 6bit
p2 0.10m 0.10~1.60m 16 4bit
p3 0.10m |  18.00~24.40m 64 6bit
T 38 pl 0.25m 0.50~4.50m 16 4bit
B p2 0.25m 2.00~10.00m 32 5bit
p3 0.25m 2.00~10.00m 32 5bit
p4 0.25m 0.50~4.50m 16 4bit
p5 0.25m 1.00~5.00m 16 4bit
p6 5.00 B | 10.00~90.00 J 16 4bit
—# pl 0.50m 0.50~8.00m 16 4bit
B2V p2 0.50m 3.00~18.00m 32 Sbit
B p3 0.50m 0.50~4.00m 8 3bit
y =2 pl 0.50m 0.50~8.00m 16 4bit
=V ] p2 0.50m 3.00~18.00m 32 5bit
il p3 0.50m 0.50~4.00m 8 3bit
p4 0.50m 0.50~8.00m 16 4bit
J— pl 0.50m 0.50~8.00m 16 4bit
AV p2 0.50m 3.00~18.00m 32 5bit
gl p3 0.50m 0.50~8.00m 16 4bit
p4 0.50m 0.50~8.00m 16 4bit
PS5 0.50m 0.50~4.00m 8 3bit
p6 10.00 £ | 10.00~80.00 8 3bit
P7 0.50m 0.50~8.00m 16 4bit
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Fig. 11 Generating method of pseudo point cloud data.
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Fig. 12 Application results of the proposed method for
T-shaped pier and rigid framed pier.
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Fig. 13 Pseudo point cloud data measured by one direction.
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Fig. 14 Application results of the proposed method using

pseudo point cloud data measured by one direction.
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®6 Rub7rTL— MOREFEOMHER
Table 6 Application results of the proposed method for differ-

ent model templates.

s RURR | 1w | —p | cBR | 5—Rv
T BUEH 0.97 — — —
—HERAEH 0.76 0.99 — —
R 0.57 0.74 0.99 0.73
F— A UK — — — 0.97

HARE 097, —HAEHOEAE 0.76, ZHEUEH 0N
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Fig. 15 Measurement sites and point cloud data.
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Fig. 16 Application results of the proposed method using
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measured point cloud data.
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Fig. 17 Unevenness of structure.
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