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Abstract: Accurate non-contact measurement of the main cable void ratio remains challenging under
strong sunlight, high temperature, and high humidity during outdoor cable-compaction construction. To
address this issue, a main-cable void-ratio measurement system based on cooperative acquisition by multi-
ple area structured-light cameras was developed. Four area structured-light cameras were arranged at 90°
intervals around the main cable to acquire full-circumference point clouds of the cable surface. To improve
imaging stability and environmental adaptability under complex outdoor conditions, mechanical shading, a
thermoelectric cooling unit, and a window heating film were integrated into the system. For multi-camera
calibration, Zhang's calibration method constrained by field-of-view overlap was employed to obtain the

global extrinsic parameters of the four cameras, unify the multi-camera coordinate system, and achieve
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high-precision point-cloud registration. Experiments demonstrated that the system could stably acquire

high-quality main-cable point clouds at 50 “C, high humidity, and an illumination intensity of 10° Ix. The

average reprojection error of the multi-camera joint calibration was less than 0.7 pixels, millimeter-level

spatial registration of the main-cable point cloud was achieved, and the relative error in main-cable cross-

sectional area measurement was below 0.3%. These results demonstrate the feasibility and engineering

applicability of the proposed system for non-contact precision measurement of main-cable void ratio in out-

door cable-compaction construction.

Key words: main cable void ratio; outdoor cable-compaction construction; environmental adaptation; ar-

ea structured-light camera; multi-camera calibration
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Fig.1 Cable-tightening machine operation scenario
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Fig. 2 Close-up view of cable tightening machine
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Fig.3 Architecture diagram of measurement system
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Fig.4 Schematic diagram of wrap-around measurement
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Fig. 5 Field of view diagram of a single camera
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Fig. 6 Top view of protective cabin design
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Fig.7 Front view of protective cabin design
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Tab.1 Comparison table of heating film performance
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Fig. 14 Comparison diagram of point cloud acquisition under different illuminance values
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Fig. 16 Schematic diagram of external parameter calibration
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Tab.4 Manual measurement results

_— 2% | ‘ AT \ 45 %F | il‘EXﬂ“
HAH/m* W /m®  RZE/m’ B2
1 1.78071  1.84816  0.06745 3.7878%
2 1.78071  1.82334  0.04263 2.3940%
3 1.78071  1.80981  0.02910 1.6342%
4 1.780 71 1.73197 0.04874 2.7371%
5 1.78071  1.71568  0.06503 3.6519%
x5 HEZMNEER
Tab.5 Point cloud measurement results
T
HH/m*  W&/m®  R2%/m’ R
1 1.78071 1.776 35  0.004 36 0.244 8%
2 1.78071 1.776 51  0.00420 0.2359%
3 1.780 71 1.77573  0.00498 0.2797%
4 1.78071  1.776 31  0.00440 0.247 1%
5 1.78071  1.776 24 0.00447 0.2510%
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Fig.22 Analysis diagram of main cable cross-section
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