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Abstract: The vertical measurement method is simple and effective to observe the displacement of dam deformation, which has been
widely used in the actual dam deformation monitoring. To solve the problem that most of the existing pendulum telecoordinometer can
only measure the two-dimensional displacement of the pendulum line and the structure is complex, a 3D pendulum line measurement
method based on linear structured light is proposed in this article. Based on the fact that pendulum line direction keep constant, this
article uses the principle of linear structured light measurement to achieve pendulum line three-dimensional displacement measurement.
Firstly, the two-dimensional displacement of the pendulum line is obtained by the linear structured light measurement. Then, based on
the fact that the imaging light of the fixed mark points on the pendulum line intersects the pendulum line at one point, the three-
dimensional displacement measurement of the pendulum line is realized by synthesizing the two-dimensional measurement results of the
pendulum line and the imaging light equation of the fixed mark points recovered by the camera internal parameters. The experimental
results show that the displacement measurement accuracy of this method is £0.1 mm in the Y direction of the horizontal plane, and
+0. 05 mm in the X direction and Z direction of the horizontal plane, and the measuring range is 0~ 80 mm. Compared with the current
vertical displacement measurement method, the vertical displacement measurement accuracy and measuring range are higher, and the
measurement structure is simpler.
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Fig. 1 Three dimension pendulum line measurement

structure diagram
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line measurement
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Fig. 3 Schematics diagram of vertical direction

vector calibration
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Table 1 Displacement measurement experiment

in X direction mm
YT A . - kY .
PR A B MOt
ENERY g (VAN

0 -41.21,254.04,14. 50

5 5 -36.18,253.91,14.46  5.03 0.0320
10 5 -31.16,253.90,14. 37 5.03 0.026 0
15 5 -26.14,253.81,14.34  5.02 0.0190
20 5 -21.14,253.77,14.32  5.00 0.001 1
25 5 -16.12,253.76,14. 27 5.02 0.022 0
30 5 -11.09,253.81,14.20  5.03 0.027 0
35 5 -6.12,253.74,14.19  4.97  -0.0270
40 5 -1.17,253.73,14.12 4.95 -0.0470
45 5 3.87,253.76,14.08 5.03 0.0340
50 5 8.88,253.75,14.08 5.02 0.0150
55 5 13.86,253.81,14. 03 4.98 -0.0210
60 5 18.84,253.75,13.99  4.98 -0.0220
65 5 23.90,253.82,13.99 5.04 0.040 0
70 5 28.88,253.74,13.92  5.00 0.004 6
75 5 33.85,253.62,13.86  4.97 -0.0320
80 5 38.85,253.66,13. 83 5.00 -0.0020

M 1~3 AT AE I, AR SC = 4e 2R 8 5 e AE X 7
] LANFE Z 5 ) L I iR 25 7E £0. 05 mm L, 7E Y
J71 AR 2575 +0. 1 mm DAPY, e v Jy 1 bl &
WRER R GHOC bR ERE Y 5 a L EEIR2E KA
K, AHEL H HT ZEERL AR AR E R TN 0~ 50 mm,
HOREE R £0. 1 mm , AR SCHRE H 14 = 28 1 28 00 2y 32 7T 5K
B S N U= o TR 2230 R N/ + S Bt v 1 o < v |
0~80 mm, Ifii ELYE/K -1 PN X J7 1) RS B Z 5 1) b il
K REILF)+0. 05 mm,

®2 YHmELEMABNESLRE

Table 2 Displacement measurement experiment

in Y direction mm
=Y} HEZ TR,

0 0.41,183.77,27.74

5 5 0.34,188.82,27.50 5. 06 0. 056
10 5 0.26,193.93,27.49 5.09 0. 088
15 5 0.27,198.89,27. 46 4.98 -0.016
20 5 0.27,203. 80,27. 39 4.91 -0. 089
25 5 0.38,208. 87,27. 36 5.07 0. 067
30 5 0.43,213.78,27.33 4.91 -0. 090
35 5 0.43,218.89,27.33 5.09 0. 093
40 5 0.44,223.85,27.27 4.98 -0.023
56 16 0.48,239. 86,27. 01 16.01 0.011
75 19 0.56,258.99,27. 10 19. 08 0. 082
80 5 0.62,263.91,27.09 4.97 -0. 026
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Table 3 Displacement measurement experiment

in Z direction mm
P R

0 0. 65,236.82,-39. 32

5 5 0.64,236.77,-34.33 5.00 -0. 004 40
10 5 0.63,237.04,-29.37 4.97 -0.031 00
15 5 0.61,236.86,-24.34 5.02 0.024 00
20 5 0.60,237.04,-19. 36 4.98 -0.016 00
25 5 0.59,236.93,-14. 36 5.01 0. 005 90
30 5 0.57,236.37,-9.34 5.05 0. 047 00
35 5 0.56,236.83,-4. 37 4.99 -0. 005 20
40 5 0.55,237.13,0. 62 5.00 0. 000 90
45 5 0.54,237.25,5.62 5.00 -0.003 70
64 19 0.49,237.49,24. 58 18.97 -0.033 00
80 16 0. 44,237. 63,40. 61 16. 03 0. 026 00

3% 0’

B B L AR bR Ok 2 H BEI 1 a2k —HE( A%,
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