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Underwater Binocular Measurement Method Based on Line-Structured Light
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College of Engineering, Ocean University of China, Qingdao, Shandong 266100, China

Abstract It is difficult to extract feature points in the underwater environment owing to light refraction and water
turbidity. To solve this problem, an underwater binocular measurement system that detects visual features using a
line-structured light array is designed in this study. A large number of feature points are obtained by extracting the
center of light strip. The refraction model of the underwater binocular’s optical path is established, and an improved
epipolar matching method is proposed to obtain the three-dimensional coordinates of feature points to realize the
measurement and the restoration of three-dimensional morphology of underwater objects. The experimental results
show that the measurement accuracy of the proposed method for underwater objects is comparable to that for land,
and the measurement error is within 0. 3 mm, which meets the measurement accuracy requirements. The

measurement process of the proposed system is fast and accurate, and it is suitable for underwater real-time

positioning measurement.
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Fig. 1 Underwater binocular measurement system. (a) Top view of internal structure; (b) seal outline drawing of equipment
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Fig. 2 Binocular stereo vision model
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Fig. 4 Line-structured light array
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Fig. 5 Measurement model of underwater binocular system
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Fig. 7 Schematic of polar geometric constraints
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Table 1 Measurement results and errors of reference sphere mm
No. R, Error R, Error R.o Error
1 20.122 0.064 26.657 6.599 19.781 0.277
2 19.859 0.199 27.288 7.230 19.724 0.334
3 20.275 0.217 25.982 5.924 19.883 0.175
4 20.239 0.181 26.906 6.848 19.970 0.088
5 20.195 0.137 26.852 6.794 20.065 0.007
6 19.910 0.148 25.413 5.355 19.817 0.241
7 20.142 0.084 25.568 5.510 19.723 0.335
8 20.301 0.243 27.154 7.096 19.829 0.229
9 19.799 0.259 26.422 6.364 20.139 0.081
10 20.208 0.150 27.003 6.945 19.605 0.453
Max 20.301 0.259 27.288 7.230 20.139 0.453
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Table 2 Measurement results and errors of different methods mm
No. R, Error R, Error R, Error
1 20.272 0.214 20.744 0.686 25.803 5.745
2 20.311 0.253 19.613 0.445 27.012 6.954
3 20.358 0.300 19.371 0.687 27.483 7.425
4 19.803 0.255 20.633 0.575 26.522 6.464
5 20.188 0.130 20.471 0.413 27.537 7.479
6 20.097 0.039 20.852 0.794 25.801 5.743
7 19.970 0.088 21.208 1.150 26.850 6.792
8 19.711 0.347 20.505 0.447 26.074 6.016
9 19.755 0.303 20.611 0.553 27.112 7.054
10 20.278 0.220 19.279 0.779 25.465 5.407
Max 20.358 0.347 21.208 1.150 27.537 7.479
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Fig. 12 Three-dimensional measurement of underwater sheet metal parts.

(a) Experimental environment; (b) measured object; (c) three-dimensional point clouds
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Fig. 13 Three-dimensional measurement of underwater rock. (a) Measured object; (b) three-dimensional point clouds
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