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Alignment detection of segmental precast bridges
via close-range photogrammetry

GAO Tinghui, ZHANG Chenghua, ZHAO Zhangyan, HE Bin, YU Yuhui

(School of Transportation and Logistics Engineering, Wuhan University of Technology, Wuhan 430063, China)

Abstract; To address the reliance on manual inspection and the low efficiency of alignment detection during the
segmental precast bridge construction process, a method for detecting assembly alignment is proposed based on
close-range photogrammetry. The principles of close-range photogrammetry are integrated and the rigorous forward
intersection and bundle adjustment algorithms are employed to enhance the accuracy and efficiency of alignment
detection in bridge construction. According to actual engineering scenarios, simulation software and an indoor
experimental setup were used to conduct both simulated and real indoor experiments, exploring the feasibility of the
proposed method and the influence of shooting distance and the number of segmental beams on measurement
accuracy. Experimental results show that the method can process captured image data in real time to obtain the
bridge’ s alignment data. Using bundle adjustment, the measurement accuracy of target points can be significantly
improved to within 2 mm, and the resulting bridge alignment accuracy reaches within 1 mm, which verifies the
effectiveness of the technique. Additionally, under various shooting distances, the method can still accurately
identify marker points through sufficient pixel data while maintaining consistent measurement accuracy, ensuring the
reliability and stability of the alignment detection results. The study demonstrates that this method not only improves
the reliability of bridge construction but also significantly enhances the efficiency of alignment detection, providing
strong support for the successful implementation of bridge construction projects.
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Fig.4  Principle diagram of bridge alignment photogrammetry method
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Fig. 13  Measurement results of test points and alignment measurement results
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Tab.3  Spatial point measurement results
25 SR EEER/m B AR 1B Bk B R Y X2/ mm £pys/mm
1 1.5 3 2 138.062 97.558
2 1.5 8 7 196. 644 159. 144
S 3 1.5 14 14 211.293 159.095
4 1.0 14 14 120.778 50.035
5 2.0 14 14 53.565 26.347
1 1.5 3 2 3.247 2.031
2 1.5 8 7 4.239 1.538
R ARl el e 3 1.5 14 14 1.651 0.782
4 1.0 14 14 1.748 0.941
5 2.0 14 14 2.635 1.261
R4 ENTREEUNELER
Tab.4 Indoor test profile measurement results
SLHAH ORI B /m LS e v 187 B BRANRZE/mm TR ZE/mm Epus/ MM
1 1.5 3 2 0.757 0.548 0.582
2 1.5 8 7 1.736 0.703 0.889
3 1.5 14 14 1.307 0.506 0.620
4 1.0 14 14 1.712 0.677 0.868
5 2.0 14 14 1.641 0.867 1.044




.34 MoK BT Ol k% %

557 %

3 % %

1) ARSCHE Y — 285 5 0 5 45 52 D0 D B 4 A7
UL T7 1, 15 T35 BeDRR v 2ot Tad A, O
i i {5 EARX 5 2 A LR IR IR T AR SRR T AR Y
AT R

2) %7 REWS LI b PR S BE , 1i 3d R
VAV 25000 5 B v M R R T R
THE 2 mm DL, BFREIE IR AR LA ] 1 mm L
N RS R B A RS B

3) FEA R AR R B, RGEA5IR B S I 1 12
5 15 R BT B TP b 25 A, I DR 45 D00 A S 1Y
— ik,

4) % T7VE AR bR 35 A U A A EOE 1) T TR
b DRI B S N Y =T R U
P IR RBESRTT TR AGIN B AR, S A it it H
RO MOMI EAT 48 14T ) S8

5% ik

(1] R84l RESEEMT R AR T S E MR [T]. AR, 2018,
48(5): 43
ZENG Deli. Study on identification of load bearing capacity of long
span bridge[ J]. Bridge Construction, 2018, 48(5) : 43. DOI; 10.
3969/j. issn. 1003 —4722.2018. 05. 009

[2]BREHE, B, EX, 55, 1 Beiihl 8 De et 1122 2 XU 1
#1T]. PEZeLREEE A, 2020, 16(7) 131
WEI Xueping, HAO Wei, WANG Wei, et al. Safety risk assessment
on construction of segmental prefabricating cantilever assembling
beams[ J]. Journal of Safety Science and Technology, 2020, 16(7):
131. DOI; 10.11731/j. issn. 1673 —193x.2020. 07. 021

(31X, BUAFR, JKIR, 55, mdEk 300 m DL FBSBERR LI
WhRERTFE ()], BRBpsERIT, 2021, 65(9) : 62
LIU Chao, WEI Zhouchun, ZHANG Min, et al. Research on the
evaluation standard of the profile of high speed railway bridges of over
300 m span [ J]. Railway Standard Design, 2021, 65(9):. 62.
DOI; 10.13238/]. issn. 1004 —2954.202008030003

[415RAATE. IE SR G A A el L [J]. A3l
LSRR, 2016(12) : 53
ZHANG Songlei. The ApplicationsC lose-range photogrammetry in
linear bridge monitoring[ J]. Automation & Instrumentation, 2016(12) ;
53. DOI: 10.14016/j. cnki. 1001 —9227.2016. 12. 053

(512050, MR, IRfl, &5 JETIVIEARDLY KBS A RLIEIE
ARSEEE N B (1], BBUR A (fF BRI, 2023,
48(11) . 1834
LI Qingquan, CHEN Ruizhe, TU Wei, et al. Real-time vision-based
deformation measurement of long-span bridge with inertial sensors
[J]. Geomatics and Information Science of Wuhan University,
2023, 48(11) : 1834. DOI.10. 13203/]. whugis20230006

[6]ABU DABOUS S, FEROZ S. Condition monitoring of bridges with
non-contact testing technologies [ J ]. Automation in Construction,
2020, 116 103224. DOI. 10.1016/]. autcon. 2020. 103224

(7] H4Eds, S, SKER, 4. B TOLLFRBRIR MM B2 N A2 K
FR[I]). T EBER AR, 2016, 24(3) : 415
GAN Weibing, HU Wenbin, ZHANG Yao, et al. Detection

technique for bridge’ s micro-deformation based on FOG[J]. Journal

of Chinese Inertial Technology, 2016, 24 (3). 415. DOI. 10.
13695/j. enki. 12 - 1222/03.2016. 03. 025
(813K, RIEtE, dfh, 4. JETHOERLS I IE SRR E
BiHr[1]. M2k, 2023(4) : 154
ZHANG Chen, WU Zhaofu, HUANG Jianwei, et al. Quality
analysis on the image greyscale for the close-range photogrammetry
based on the spectrum fusion method[ J]. Bulletin of Surveying and
Mapping, 2023(4) . 154. DOI:10.13474/j. cnki. 11 —2246.2023.
0121
[9]KIM M K, WANG Qian, LI Heng. Non-contact sensing based
geometric quality assessment of buildings and civil structures: a
review[ J . Automation in Construction, 2019, 100: 163. DOI: 10.
1016/j. autcon. 2019. 01. 002
(10T, ffR 2L, XUAR, 45, BET AT 5o 3 2 I &2k i % 8 [
AT R A RO EAT R [T]. RDUR 224 (TSR
2023, 56(7) : 885
ZHAO Tongyuan, XIE Xuan, LIU Yin, et al. Study on automatic
extraction method of structural plane orientation of tunnel
surrounding rock based on digital close-range photogrammetry[ J].
Engineering Journal of Wuhan University, 2023, 56 (7). 885.
DOI. 10.14188/j. 1671 - 8844.2023 -07 - 014
[IVTZR0F, sk, £, 55 BT 800 00 1 SR B 1R 51
[J]. ABSCHEBHE, 2022, 39(8) : 1
LI Ping, ZHANG Jinquan, WANG Lei, et al. Damage identification
for simple supported beam bridge based on photogrammetry [ J ].
Journal of Highway and Transportation Research and Development,
2022, 39(8): 1. DOI; 10.3969/]. issn. 1002 —0268.2022. 08. 001
[12]KOSCAK J, DAMJANOVICD, BARTOLAC M, et al. Shear behavior
of RC beams without transverse reinforcement; an analysis of crack
kinematics and transfer mechanisms based on stereophotogrammetric
measurements[ J ]. Engineering Structures, 2022, 255. 113886.
DOI: 10.1016/j. engstruct. 2022. 113886
[13]220k, sk, s, &5, T80 ik 3R IGA S48 Ik i 45
W ZRIB NI 5 BRI ST 0], A BR T AR, 2021, 46(6) : 47
JIANG Xin, ZHANG Xiaoyan, TANG Liang, et al. Research on
the method of structural deformation monitoring based on the edge
contour obtained by photogrammetry [ J]. Highway Engineering,
2021, 46(6): 47. DOI: 10. 19782/j. cnki. 1674 - 0610. 2021.
06.008
[14]KEIZER R, DUBAY R, WAUGH L, et al. Architecture for a
mobile robotic camera positioning system for photogrammetric data
acquisition in hydroelectric tunnels[ J]. Sensors, 2023, 23(16) ;
7079. DOI. 10.3390/s23167079
[15]YE Meitu, LIANG Jin, LI Leigang, et al.

measurement of external and internal surface shape and deformation

Simultaneous

based on photogrammetry and stereo-DIC[ J]. Optics and Lasers in
Engineering, 2022, 158; 107179. DOI: 10. 1016/]. optlaseng.
2022.107179

[16 ]ZHANG Chenghua, ZHAO Zhangyan, LIU Yang, et al. Data
snooping for pose estimation based on generalized errors-in-variables
model[ J]. IEEE Sensors Journal, 2024 , 24(4) . 4851. DOI: 10.
1109/JSEN. 2023. 3346400

(178 X0, B BERP Ty Rk LN T[], ME TR,
2022, 41(8): 59
HUANG Shuanglong. Selection and application analysis of precast
segment assembly method[ J]. Value Engineering, 2022, 41(8) :
59. DOI: 10.3969/j. issn. 1006 —4311.2022. 08. 020

(18] 5k ZF. MARWEIE T2 I ar[J1]. A, 2021,
66(1): 157
ZHANG Aiping. Mechanical performance analysis of steel box girder
segment construction[ J]. Highway, 2021, 66(1) : 157

(#miE 7k o)



