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[ Abstract |

assessment of bridge structures. In order to fully leverage the advantages of machine vision for measuring structural displacements and to en-

The displacement response of a bridge is identified as a fundamental condition for the structural health monitoring and safety

hance its applicability, a structural displacement monitoring method based on the pinhole camera model was proposed. Sparse optical flow was
employed to track structural feature points, achieving sub-pixel level image displacements. By employing the optical geometric relationships of
camera imaging, an analytical solution was established between real-world displacements and image displacements. The image displacements
were then substituted into algebraic relationships to obtain the true structural displacements. In the indoor experiments on dynamic load dis-
placement identification of a simply supported bridge model, compared to the measurements obtained using a linear variable differential trans-
former displacement meter, the proposed method achieves a maximum error within 6% for pitch angles up to 30° and yaw angles up to 35°,
thereby meeting the application requirements for monitoring the displacement deformations of bridge structures.

[ Keywords | bridge engineering; computer vision; displacement monitoring; pinhole model; tilted photography
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Fig. 1 Different positions of points on the structural surface
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Fig. 3 Pitch and yaw simultaneous deflection conceptual model

ML . www. stae. com. cn



B e & 5 T R

388 Science Technology and Engineering 2025,25(1)
LVDT & bi#tl ?ﬁiﬁﬁi%éﬁ
DH 5902N3R44Y FDR AX700% FZ#248
K5 HlERERY
Fig. 5 Data collection site
(=)
SRS 5
Jeu eI b e
wmnl B % % %
(2) BRI
Ko GR&HEIuM
Fig. 6 Pixel structure and CRA
F1 REAREILR
Table 1 Yaw angle test scenario
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1-1 0 0 35 10 20 L )
12 0 5 36 10 25 .
13 0 10 37 10 30 ®) LT
14 0 15 3-8 10 35 K7 HEREE
15 0 20 41 15 0 _ L .
16 0 25 40 15 5 Fig. 7 Photographic schematic
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24 5 15 48 s 35 Savitzky-Golay - I i 59 15 Xf 13 B8 I 72 1 4k 2R A7
25 5 20 5-1 20 ZWASU G FEATEE 1P i uR . fE R 12
o o R S0 1 ) O B R R 1 A AR . T L
28 5 35 54 20 15 SN AT UL H 7 A 45 2R 158 22 I kT 7
M0 0 flss oo 2 5 RN
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Table 2 Displacement measurements at mid-span cross-section for each scenario

L3 LVDT 5 APVE/ % NRMSE/ % T3 LVDT 5 APVE/ % NRMSE/ %
G5 BRME/mm e RKH/mm G5 ERME/mm  BK{E/ mm

1-1 7.20 7.15 1.94 0.56 3-5 5.92 5.77 2.53 2.57
1-2 6.40 6.55 2.34 2.15 3-6 6.19 6.49 4.85 2.95
13 6.60 6.64 0.61 2.03 37 6.88 6.59 4.22 2.71
14 6.66 6.65 0.15 2.59 3-8 6.03 5.88 2.49 3.54
15 6.65 6.60 0.75 2.68 4-1 5.62 5.79 3.02 2.12
1-6 7.33 7.06 3.68 2.40 4-2 7.19 7.41 3.06 2.40
1-7 6.32 6.26 0.95 2.45 4-3 7.42 7.59 2.29 1.93
1-8 7.40 6.97 5.81 3.26 44 6.85 6.95 1.46 2.45
2-1 7.09 7.20 1.55 1.84 4-5 7.56 7.68 1.06 1.74
22 7.43 7.64 2.83 1.98 4-6 7.19 7.21 0.28 2.60
23 7.60 7.75 1.97 1.72 4-7 7.34 7.16 2.45 3.19
24 6.71 6.82 1.64 2.20 4-8 6.85 6.67 2.63 3.81
2-5 7.10 7.13 0.42 2.61 5-1 6.89 7.17 4.06 2.57
2-6 7.11 7.21 1.41 2.65 52 6.41 6.70 4.52 2.68
2-7 7.45 7.32 1.74 2.89 53 7.18 7.38 2.79 2.68
2-8 7.37 7.16 2.85 3.38 54 6.95 7.22 3.88 2.85
3-1 6.89 7.11 3.19 2.08 5-5 6.91 7.07 2.32 2.42
32 7.21 7.44 3.19 1.94 5-6 6.66 6.77 1.65 2.77
33 7.35 7.12 3.13 2.15 5-7 7.28 7.25 0.41 3.20
34 7.27 7.09 2.48 2.39 5-8 7.31 7.65 4.65 4.18
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Fig. 9  Photographic schematic of simulation and on-site shooting
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Fig. 10 Scenariol-1 displacement time history curve

®3 FEIRTEHEELBUESER
Table 3 Displacement measurements at mid-span

cross-section for each scenario

TH W LVDT % AR APVE/% NRMSE/%
G5 f/(°)  K{A/mm KAH/mm

1-1 0 5.49 5.66 3.10 2.17
12 5 5.88 6.00 2.04 2.49
1-3 10 5.91 5.96 0.85 2.72
14 15 6.01 6.06 0.83 2.06
1-5 20 6.04 6.01 0.50 2.35
1-6 25 6.39 6.46 1.10 2.40
1-7 30 5.98 6.13 2.51 3.03
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Table 4 Test scenario

TS WMAsC) bt/ C) DIERE RS/ m
1-1 0 0 4.8
12 0 8 4.8
1-3 0 16 4.8
14 0 24 4.8
15 0 32 4.8
2-1 5 0 4.8
22 5 8 4.8
2-3 5 16 4.8
24 5 24 4.8
2-5 5 32 4.8
3-1 10 0 4.8
32 10 8 4.8
33 10 16 4.8
34 10 24 4.8
35 10 32 4.8
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Fig. 12 Time-domain and space-domain

continuous displacement surface for scenario 1-1
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Table 5 Displacement measurements at

cross-section for each scenario

T W LVDT & HAE &
S5 E KfE/mm K{E/mm APVE/% NRMSE/%
L/4 3.48 3.39 2.30 4.31
1-1 L2 4.71 4.80 1.91 4.90
3L/4 3.01 2.88 4.30 5.12
L/4 3.38 3.40 0.59 4.65
12 L2 4.50 4.57 1.58 4.80
3L/4 2.84 2.74 3.76 3.45
L/4 3.84 3.72 3.09 4.46
13 L2 5.21 5.10 2.00 4.36
3L/4 3.18 3.10 2.62 3.69
L/4 3.93 3.79 3.56 3.82
14 L2 5.29 5.06 4.35 4.49
3L/4 2.87 3.02 4.99 3.51
L/4 3.97 3.84 3.44 4.48
15 L2 5.44 5.43 3.68 3.44
3L/4 3.31 3.29 3.95 4.70
L/4 4.66 4.45 4.51 4.61
2-1 L/2 3.63 3.83 5.19 3.47
3L/4 6.25 6.24 1.12 4.56
L/4 4.08 3.96 2.88 4.12
22 L2 5.55 5.48 1.26 3.71
3L/4 3.54 3.37 4.80 2.50
L/4 4.88 4.62 5.33 5.07
23 L2 6.74 6.48 4.11 5.05
3L/4 4.03 3.92 2.94 4.08
L/4 4.40 4.35 1.01 2.09
24 L2 6.40 6.15 3.95 3.91
3L/4 4.03 3.84 4.87 5.13
L/4 3.84 3.66 4.69 3.96
25 L2 5.21 5.06 2.88 4.32
3L/4 3.11 3.06 1.61 3.27
L/4 4.23 4.11 2.84 5.13
3-1 L2 5.78 5.52 4.50 3.18
3L/4 3.44 3.54 2.91 4.29
L/4 3.91 3.81 2.56 5.18
32 L2 5.13 5.29 3.12 5.27
3L/4 3.11 3.22 3.54 3.89
L/4 3.82 3.97 3.93 2.63
33 L2 5.26 5.47 3.99 2.65
3L/4 3.44 3.31 3.78 3.50
L/4 3.84 3.75 2.34 5.15
34 L2 5.05 5.12 1.39 5.11
3L/4 3.14 3.07 2.23 4.78
L/4 3.74 3.60 3.89 4.97
35 L2 5.15 5.01 2.72 4.41
3L/4 3.12 2.97 4.81 4.72
3 g
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