£ 60% F19H/2023F 10 B/HrtEBFEHE

Tt Bl St FFIHE
JET G VCRE W BOIDL B 07 10 e it

Al

AWFE, Bt

[R5 R 2F 22 5 U HE A B~ B, [ 200092

FHE ST LR VT IO AR S DL T 2B R — b SR 5 R O T B 3 D 1, R T 4 b S AR T AT PR 4, TR N
HARBIELIUNE L . it 42 T — R B 40 4 D i et vk, FE e T4/ 60 B &1 55 00 i 20 i) 4 BRORA) 47 ) 2 45
Ak 2R RFAE 55 2T R () I 45 5 3 T R Pk 5 A5 30 A 2 FE R AE |, 8 BV R OC 2R it B B R AT 55 JRURR AT 5 1 2 T 3 45 AR
L7 PRI AR e BT 3 23 1) 6 RSGOREL DG THE RS TIC 70 5 I AR P TEC A 9% 28 56 A 10 PR 42 o % T 0 FL 80, X LE A DR T (2%
SEAEDEC BBl D A5 3Ry s R B, SR 4 SR AR W - BT B i I R R R R AR o 23 B T AR AR DL 7
T S UL TSR il D 2 G ) b A T T T A A A B B e G 5 R AR T T R O B B ST L RE R R

LIRS .
KEW Wi RN BOtE s RERE; BITPEEE; Bk
FESEKS P237 XERFRERS A DOI: 10.3788/LOP221478

Improved Simulation Preassembly Method Based on Line
Feature Matching

Zhu Mingfang, Yang Guang’
College of Surveying and Geo-Informatics, Tongji University, Shanghat 200092, China

Abstract Simulation preassembly based on line feature matching is a preassembly method used for bridge steel components.
In this method, components are spliced based on line feature matching of the joint. However, under this method, the overlap
rate is not high and the linear accuracy is not considered. Therefore, an improved method aided by design data is proposed
herein. First, the reduced bounding box and slicing methods are used to extract the line features of the joint of the components
and linear features, respectively. Next, the line features, combined with those extracted from the design data, are fused into the
target and source features according to their corresponding relationships. Then, coarse and fine registrations are completed
based on point feature histograms and iterative closest point, respectively. Finally, component splicing is conducted using the
registration results. The accuracies of the three methods of corner and line feature matching, and the method aided by design
data are compared based on simulation data. Results reveal that the method aided by design data can effectively improve linear
accuracy. In an actual field experiment, the processing quality of the steel components of the Shanghai Nanheng River Bridge is
inspected by line feature matching and the method aided by design data, respectively. The inspection results indicate that the
proposed method is practical and can effectively improve the linear accuracy.

Key words measurement; bridge steel component; lidar point cloud; line feature; simulation preassembly; quality
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Table 1 Parameter setting of the method of reducing bounding box

Target

Area of the reducing the bounding box

Part of top edge
Part of bottom edge
Part of left edge
Part of right edge
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Table 2 Splicing error of methods

Average error /mm Maximum error /mm

Method

D, D, D, D, D, D,
W, 0. 50 0.45 1.49 1.02 0.65 2.02
w, 0.07 0. 10 0.08 0.47 0.39 0.45
W, 0. 37 0.42 0.40 0.48 0.52 0.53

#®3 HERIVRE
Table 3 Linear error of methods
Average error /mm Maximum error /mm
Method

D, D, D, D, D, D,
w, 92.83 140.32 83.42 235.36 263.76  240.86
w, 81.75 72.46 75.24 196.21 170.64 177.57
W, 0. 40 0.36 0.45 0.65 0.52 0.75

BT RUE i Bk 2B R 22 o, HARRE ©
25 b, BT RO Bl B vk AR R 2 Rk DT IR 3 E A 2K
LI RE

Tinear error /mm
511.586243
496979520
482.372707
467.766075
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423045007
400339185
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360912204
336.305572
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Linear error. (a) Method of line features matching; (b) method aided by design data
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Table 4 Splicing error in the east of method of line features matching unit: mm
Point Foot1& Rib 1 Rib 1 & Rib 2 Rib 2 & Rib 3 Rib 3 & Foot 2
pair d, d, d. d, d, d. d, d, d. d, d, d.
1 —14.10 0.58 6.32 —11.32 2.65 —8.58 8. 35 —1.97 —11.32 —0.80 —31.16 —28.86
2 —11.86 —56.14 —22.35 11.68  4.55 19.49 —35.59 —10.40 —6.18 19.08 —47.15 —42.37
3 2.32  —2.45 —5.67 7.09 8.79 —13.78 13.54 —8.55 —3.82 10.23 —0.34 3.13
4 —39.86 —21.30 29.31 3.09 3.83  —3.43 —9.34 —0.46 1.65 —9.34 4.56 18.35
5 44.98 34.45 22.98 —45.34 15.52 29.73 58.35 —40.14 —3.33 —4.65 —1.48 —6.78
6 36. 64 40. 21 25.65  26.38 —5.76 7.53 —51.34 39.45 —6.15 —6.24 12.34 14.53
7 —16.48 —26.08 28.36 —31.57  0.92 1.34 24.39 —8.56 —17.24 —9.56 3.75 —10.74
8 —5.45 1.24 —36.62 27.24 4.58 —22.34 22.45 —14.45 4.25 21.56 —17.73 —22.78
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Table 5 Splicing error in the west of method of line features matching unit: mm
Point Foot 1 & Rib 1 Rib 1 & Rib 2 Rib 2 & Rib 3 Rib 3 &. Foot 2
pair d, d, d. d, d, d. d, d, d, d, d, d.
1 12.81 0.78 10.45 —14.80 4.64 —9.41 14.14 —4.15 —15.31 —1.53 25.67 —27.71
2 —4.32 —58.35 —22.23 13.45 5.88  20.59 —38.45 —11.45 —8.41 18.45 —36.23 —30.65
3 12.51 —12.74 6.65 5.40 8.78 —15.13 15.53 —6.14 —4.75 14.10 —0.65 8.98
4 30.21  22.45  25.13 4.06 4.54 —4.18 —8.17 —0.65 11.12 —18.73 9.47 20. 34
5 31.24 5. 87 24.43 —5.62 25.15 30. 16 52.45 —40.43 —3.67 —5.56 —3.67 —9.62
6 26. 34 4.46 14.34  28.45 —15.67 16.80  17.35  29.58 —26.34 —15.57 18.56 12.56
7 —18.64 —24.45  20.23 —29.38 0.26 2.33 18.15 —17.56 —25.56 —11.05 3.56 —18.20
8 —4.23 3.32 —31.51 29.16  14.37 —20.68  23.56 —17.30 14. 44 21.23 —17.89 —15.15
6 IR MRECE BB Bk PR R 2
Table 6 Splicing error in the East of method aided by design data unit: mm
Point Foot1& Rib 1 Rib 1 &. Rib 2 Rib 2 & Rib 3 Rib 3 &. Foot 2
pair d, d, d. d, d, d. d, d, d. d, d, d.
1 —14.22 —0.04 6.53 —11.11 3.19 —8.46 7.50 —2.27 —11.28 —1.20 —31.84 —28.01
2 —12.48 —55.34 —22.46 12.28 5.13 19.84 —34.68 —10.25 —6.49 19.78 —47.58 —42.89
3 2.86 —2.39 —5.42 7.58 9.52 —13.65 14.09  —8.79 —3.59 10.50 —0.66 3.10
4 —40.66 —21.73  29.16 3.85 4.12  —3.46 —9.33 —0.83 1.25 —9.83 4.71 19.07
5 45.73 35. 06 23.53 —45.94 14.67 29.09 58.60 —40.06 —3.65 —5.35 —1.64 —7.72
6 36.86  40.95 25.00  26.47 —5.48 7.40 —52.08 39.95 —6.23 —6.27 12.54 14.50
7 —16.88 —26.97 28.15 —31.14 0.53 1.08 24.87 —7.71 —17.34 —10.28 3.20 —10.43
8 —4.88 1.90 —37.52  27.38 4.49 —22.41 21.93 —14.28 4.21 22.38 —17.47 —23.68
T VUOREE BT R G Bk PR 22
Table 7 Splicing error in the West of method aided by design data unit: mm
Point Foot 1 & Rib 1 Rib 1 & Rib 2 Rib 2 & Rib 3 Rib 3 & Foot 2
pair d, d, d. d, d, d. d, d, d. d, d, d.
1 13.20 0.08 10.54 —15.64 4.32 —9.32 14.50 —4.35 —15.36 —1.30 25.14 —27.01
2 —4.48 —58.30 —22.50  12.89 5.27 20.35 —38.27 —12.35 —8.79 18.88 —36.45 —30.45
3 12.76 —12.45 6.72 5.72 8.43 —15.75 16. 20 —5.90 —4.64 14.30 —0.86 8.10
4 30.25  22.68 25.24 4.15 5.25 —4.49 —8.55 —0.94 11.26 —19.43 9.87  21.08
5 30.45 5.08 24.63 —5.90  25.88 30. 25 52.40 —40.58 —3.98 —6.35 —3.64 —9.72
6 26.80 4.15 14.20  29.36 —15.28 17.50 18.09 29.85 —26.43 —16.47 18.74  12.50
7 —17.89 —24.37 20.16 —30.15 0.43 2.09 18.67 —17.25 —25.34 —10.21 3.20 —18.68
8 —4.63 2.93 —31.45 29.63 14.53 —20.24 22.89 —18.23 14.25 21.49 —18.49 —14.75

[ 18Ca) &l 18 () BT, 2 ol Jy 3ok A6 00 45 1) B 44
PTG 1% 2 43 A R ECAHTR] < o 8] 32 22 8K, W o 44/ o
o G AR B L R RRAE DURD 55 R LI IR 2
KN 511.59 mm, ¥J{H & 206. 28 mm; % i % 3
Wk 25 B &8 32 22 fe K 392,32 mm, {H K
131.5 mm,

2 B0 Jr kY R A T LA R R OB R 2% BT R
T B R0 HR AR 22 8 5T T AR AR
PR AR — B LR bR, BT A S B 2k RE A sludR
CESZ 1

Xof 2R REAE DG e 32 5 150 T 5000 il By vk A 0 75 1 1) BF
PR ZEFR XY 25 3405 [ AT X b, A5 3 % 2
B E 19~18 21 FFs .

HH 141 19~ 151 21 AT 1, B T B4l il B vk 78 PF i 18 22
R RE T 5 LA DL IR A 22 TE L, I KR ZEE A
it 1 mm,

S R B S I e 7 ey & ) R S R
b AR N 8 ) 5 £ RRAE DT L VA A 22 L A EE R TE iR
2= RN BE 77 T 2R AR A DC L i A ek o T kR
fIEVC fiE % .

1912002-8



T T e 1 Tt
) 41494547 49 51 5355 5750616365

osf | | AR & N
X /fmm

B9 Xl i % 22
Fig. 19 X-axis residual diagram

F20 Y #5522 1K
Fig. 20 Y-axis residual diagram

it
I ! i fs 1w th
= 1 . \ {1 eil fL 2

.

E.
E 1,35 7 8 1 'Ii'I92123§5272?‘93[:§_3$53‘?393]42!15‘613135153{#‘557586‘1 5365
B .a iy R GEURCM TR FLiwt

e TR

Z /mm

K21 ZhJs m sk 2 &
Fig. 21 Z-axis residual diagram

4 45 B

B I T AR AL D 5 A4 A7 22 50 45 H A 171 A5 4L
TP 2 P A A8 9 S R EL R 2 TR T RS B A5 1] L
& T BT K G I A R B P R O 1l i A i
B K 245 B ) S AL, S iy 17 B ] B9 R B o
SR . BARGHEIT

BT IO TR 22 (9 07 EOOHE , 6F LE A S VR L A
fiE D BT 00 i B 4 3 b O ik i DF R 25 SO
R ZE, RGBS Bk RE W A O N B R 2
I A AR AIE DT E 3k 15 B0 S50 i B s A TN L v i e
k5 | T AT 9 235 A P 31 0 K30 1 T R L 2 A
T3 1 BRI 45 58, S0 e 1T e 5 ik B S I

ASBIE 5 A 64 1 G 4 445 R A 1 30 4 R 2R B AT

E 6055 19H1/2023 F£ 10 B/ 5B FFEHE

B, A ofe mI i BT 22 26 Y A 4 45 K A 1 ol kA7
SC, AR B Bk 4R e LE I R — D R G
P BB 5 A9 25 b B D7 ik L OF T B T TR S

EEEF'O

[1]

(2]

1912002-9

& % X #t

i, W, EAEMA, L SEBOLHM R RTE NS
B R PR Oy T A N T]. SR L, 2018, 40(6):
1035-1037.

Gao T, Ji F, Wang C L, et al. Application of 3D laser
scanning technology to digital simulated pre-assembly of
steel structures[J]. Building Construction, 2018, 40(6):
1035-1037.

JRZELL, XA, BE L, & BT S RAELE
Ze A9 HE AT AR R 00 TRPE R Ok (U] b A B AR R
2021, 34(11): 1-9.

Zhou X H, LiuJ P, Cheng G Z, et al. Intelligent virtual
trial assembly of large and complex steel arch bridges
based on point cloud data[J]. China Journal of Highway
and Transport, 2021, 34(11): 1-9.

B, B IR E, FE/AME . SRR 1 R LTI 5 B R
FE ], @AM T, 2021, 43(9): 1786-1788.

Guo Q, Yang Z L, Ji X W. Research on virtual pre-
assembly technology of heavy steel component[J]. Building
Construction, 2021, 43(9): 1786-1788.

L, AER . IR S s A EE
BT RBUR 2R (T2 R, 2022, 55(3): 247-252.

Li W T, Deng N W. An automatic point cloud data
segmentation algorithm for pre-assembled steel structures
[J]. Engineering Journal of Wuhan University, 2022, 55
(3): 247-252.

BKAL, TR RO I BORTE AT B R AR AL 5
B b g N AT 0], W02 5 =5 R) b 3R L, 2017, 40(11):
167-170.

Luo Y Q, Zhang H F. 3D laser scanning technology in
the application of the simulated bridge members assembled
[J]. Geomatics &. Spatial Information Technology, 2017,
40(11): 167-170.

N, BZE . S EROC R B R R TR 2
A4 T B AR S AT (). I S A A, 2020(4):
45-47.

Fu Y Y, Lia Y L. Application analysis of three-
dimensional laser scanning virtual pre-assembly technology
in steel structure engineering[J]. China Construction Metal
Structure, 2020(4): 45-47.

KNG, WA . M 0L BB 20 B TR AT 5 v ) B2 At
G B @50, 2020, 60(1): 1-6.

Liu X G, Pan Y J. Application of virtual pre-assembly
technology for steel truss girder[J]. Railway Engineering,
2020, 60(1): 1-6.

PR A, EOT . 5T LIDAR &2 00 R B SR
Bk 1) 0ot 5ot i 7 2 #E R, 2021, 58(24):
2428009.

Shan L J, Yue J P. Automatic extraction algorithm of
high voltage pylon based on LiDAR point cloud[J]. Laser &.
Optoelectronics Progress, 2021, 58(24): 2428009.



E605%E 19H1/2023 F£ 10 B/ 5B FFHE

(9]

[12]

W, TS ETEGKERMREY TR0k
JrlI] WOt Soth TR R, 2022, 59(2): 0228005.
Xu T Y, Ding H Y. Deep learning point cloud
classification method based on fusion graph convolution
[J]. Laser & Optoelectronics Progress, 2022, 59(2):
0228005.

YO, EmA, AP, . —MEAG R AT
SrEIR BT IE ] T RO, 2021, 48(16): 1604002,

Li Q Q, Hua X H, Zhao B F, et al. New method for
plane segmentation of indoor scene point cloud[J]. Chinese
Journal of Lasers, 2021, 48(16): 1604002.

Guan H Y, LiJ, Yu Y T, et al. Using mobile laser
scanning data for automated extraction of road markings
[J]. ISPRS Journal of Photogrammetry and Remote
Sensing, 2014, 87: 93-107.

TESCHE, o AR, Ak i, 55 . T ook 2 00 Xl AR
KW sz 28R A HE D] 654, 2021, 4165):
0528001.

Wang W Q, Li Z C, Fu Y J, et al. Multi-factor
segmentation of point cloud based on improved multi-rule
region growing[J]. Acta Optica Sinica, 2021, 41(5):
0528001.

PRUREA, BE/NAR, A nrith, 4 B9 25 4 T D 5 BORBIF 5
SR i T AR, 2019, 48(8): 100-103.

Chen Z M, Sui X D, Li L H, et al. Research and
application of pre-assembling technology for steel
structures[J]. Construction Technology, 2019, 48(8):
100-103.

Cabaleiro M, Riveiro B, Arias P, et al. Automatic 3D
modelling of metal frame connections from LiDAR data
for structural engineering purposes[J]. ISPRS Journal of
Photogrammetry and Remote Sensing, 2014, 96: 47-56.
Valero E, Adan A, Cerrada C. Automatic method for
building indoor boundary models from dense point clouds
collected by laser scanners[J]. Sensors, 2012, 12(12):
16099-16115.

Kim M K, Sohn H, Chang C C. Automated dimensional
quality assessment of precast concrete panels using

terrestrial laser scanning[J]. Automation in Construction,

[17]

(18]

(19]

(20]

[21]

[22]

1912002-10

2014, 45:163-177.

VUG I, BRMIAE , B, S T 2R AIE DG IS 19 BRI 25 4
AU 7 15 (7] AL st 2z, 2021, 35(8): 997-1001.
Jiang H L., Chen L H, Cheng X J, et al. A simulation
pre-assembly method of steel structure based on line
feature matching[J]. Beijing Surveying and Mapping,
2021, 35(8): 997-1001.

VE, W e, BREAE LT R SRR B 7 BRE
M = PR L T] Mot 5ot 4 #F ), 2019, 56
(24): 241503.

Tang H, Zhou M Q, Geng G H. Point cloud registration
algorithm based on extended point feature histogram
feature[J]. Laser &. Optoelectronics Progress, 2019, 56
(24): 241503.

Besl P J, McKay N D. A method for registration of 3-D
shapes[J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 1992, 14(2): 239-256.

EME, AR, IMCE BT IR RANSAC 1Y 3% 545
o HUBCHE S 2 U] WOk 5ot 72 kg, 2020, 57
(4): 041510.

Wang P, Zhu R Z, Sun C K. Point cloud coarse
registration algorithm with scene classification based on
improved RANSAC[J]. Laser & Optoelectronics Progress,
2020, 57(4): 041510.

FoR R, AL . BN 207 A E 1 PCA AL = B th
FiC S [T]. M2z B A5 8., 2021, 46(6): 59-62, 66.
Wang L Q, Bao J. Initial registration algorithm for PCA
point cloud data with additional main direction decision
[J]. Journal of Geomatics, 2021, 46(6): 59-62, 66.
SRR, BRwfd, e BT EURAL B 2 = IR IR
] WOt St 7 g, 2021, 58(6): 0610015.
Zhang J M, Chen F J, Long J L. Point cloud filtering
algorithm based on image processing[J]. Laser &.
Optoelectronics Progress, 2021, 58(6): 0610015.

ARIE, ARBESE, W1V . AN FHLE LIDAR S = 8
XA T[T, P2z M ERAE B, 2021, 46(5): 52-56.

Zou Z, Zou J G, Hu H Y. Comparative analysis on
different airborne Li DAR point cloud filtering algorithms
[J]. Journal of Geomatics, 2021, 46(5): 52-56.



	2　研究方法
	2.1　连接处线特征与线形特征
	2.2　基于主成分分析(PCA)的坐标变换
	2.3　缩小包围盒法
	2.4　切片法
	2.5　特征融合
	2.6　PFH
	2.7　ICP
	2.8　质量检测

	3　实验结果与分析
	3.1　实验数据
	3.2　方法对比
	3.3　实例实验


