%48 B % 2 AR5 xR TR FIRP E L Vol. 48 No. 2
2026 44 A Journal of Civil and Environmental Engineering Apr. 2026

DOI: 10. 11835/j. issn. 2096-6717. 2023. 150

JEF R Otsu iEMIKE I & 1 TH 45 1
R i X N AL R WA
’/E i‘ki 1,2,3,4’i§ ’-’&;}\5,6, ;ﬁ_‘-ﬂzﬁ» 1,2,3,4
(1. PEARE AW EFRIT, R XL 430071; 2. A G EFREE S LT, KX 430071; 3. #H g #w

E ey, KX 4300715 4. KX E TR IRA RS, KX 430071; 5. K9] W 3k 7 A 2 & A3 R o
RIEA TEAE], T & BRI 5180465 6. 3 T &AM BN FRE D 2 FRIFEELEE, ] K K| 518046)

O E . AMABEE T, MNLEMABTARKETLEA>HETR, MY agHah R ENT
MEOMHE,RAR SRR LED Arfe & 0 B BMME kR, mEERERERY, BB LE
HRFAEFRRERAANE T AL Z %aﬁ«i{% Vi R Hrh, Ak it — A A T
R Otsuk 9 R M REANL N 7 ik, kil ymli%&z]‘iﬁ%ybiﬁ@%R()I[i&nu 5
18, Be o st B B Ao il A @ AR — B 29 R, R B S N R B TE B, AR A A 2o & B
TR L F XA BA, S 45 A R E RS kA T Sk A 2 #’qéﬁzﬁ:%ﬁfdh EIE
TFH#ROsuEG AR RAEy S REAEMHEET AR ZE, — BRI R AT 3R
FEERBAFFTATHORERIE TRANENSHEEN 42%1

K AT 2 A R LED A7 %2 Otsu &

FESZES:TU317;U446.3 MERFRER A X E 45 :2096-6717(2026)02-0180-10

Vision-based bridge dynamic deflection measurement method
under low light conditions based on the iterative Otsu method

ZHAI Guohua?®**, TAN Zhisen®®, LIANG Yabin"?*

(1. Institute of Seismology, CEA, Wuhan 430071, P. R. China; 2. Hubei Key Laboratory of Earthquake Early
Warning, Wuhan 430071, P. R. China; 3. Hubei Earthquake Administration, Wuhan 430071, P. R. China; 4. Wuhan
Institute of Earthquake Engineering Co. Ltd., Wuhan 430071, P. R. China; 5. Shenzhen Urban Public Safety and
Technology Institute Co. Ltd., Shenzhen 518046, Guangdong, P. R. China; 6. Key Laboratory of Urban Safety Risk
Monitoring and Early Warning, Ministry of Emergency Management, Shenzhen 518046, Guangdong, P. R. China)

Abstract: Currently, researchers use LLED targets in combination with the image thresholding method to
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address the issue of decreased visibility and resolution of structural surfaces in low-light environments. This
approach ultimately leads to poorer performance when measuring structural dynamic parameters using vision-
based technology. However, complex ambient lighting and unfavorable weather in practical applications will
inevitably induce negative effects on the vision-based measurement of structural parameters. Therefore, in order
to deal with this issue, a novel vision-based measurement method is proposed in this paper based on the iterative
Otsu algorithm. In this method, the correct segmentation of the foreground spot and the background under
strong light and fog interference can be realized by iteratively solving the image foreground threshold while
combining with the iterative constraints of spot roundness and inter-frame area consistency, and finally the
structural dynamic deflection can be obtained after the spot center is collected using the gray centroid algorithm.
Firstly, this paper introduces the principle of image thresholding segmentation based on the proposed iterative
Otsu algorithm, as well as the corresponding procedure for structural displacement measurement.
Subsequently, a cantilever beam specimen is employed to validate the feasibility and effectiveness of the

proposed method, and finally the results demonstrate that the proposed method can realize the accurate

identification of the structural dynamic deflection under low-light conditions even when influenced by strong

light and fog.

Keywords: vision-based measurement; bridge deflection; LED targets; Otsu method
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Fig. 1 Gray level histogram of the LED spot with and without fog interference
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Fig. 7 Deflection curve under no interference,
strong light interference and fog interference

conditions
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and iterative Otsu method under strong light and fog

interference
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