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Abstract Localization of underwater objects is essential for exploring the vast ocean resources. We present a
monocular-vision-based method for estimating three-dimensional (3D) position-pose of underwater circular features.
Using a single camera image, underwater circular features are extracted. After that, the image distortion caused by
the underwater environment is compensated. and both the orientation and position of the underwater circular features
are estimated. Laboratory experiments demonstrate that the method is capable of estimating the 3D position-pose of a
cylindrical object in clean water with the accuracy of orientation and position estimation of 1. 33% and 4.37% ,
respectively. The stability of the method is also analyzed by moving and relocating the cylinder.
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Fig. 1 Imaging model for underwater circular features: a cone model
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Fig. 6 Cone constructed in camera frame by the two parallel ellipses derived from the upside ellipse in Fig. 5 (b).

A plane that intersects the cone is parallel to the circle with the surface normal vector of (0.065, 0.804, —0.591)
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Table 1 Estimated orientation angles of the surface normal to the cylindrical object

Group No. Angles a B Y
Circle 1 /(%) 88. 27 55. 64 34.42
Circle 2 /(") 88.73 54.78 35.25
Circle 3 /(*) 87. 84 56.17 33.92
1 Average angle /(*) 88.28 55.53 34.53
Reference angle /(%) 87.13 56.16 35.08
Absolute error /(°) 1.15 0.63 0.55
Relative error /% 1.32 1.12 1.57
Circle 4 /() 86.29 36.48 53.77
Circle 5 /(") 87.10 37.19 52.96
Circle 6 /(") 85.14 35.63 54. 80
2 Average angle /(*) 86.18 36.43 53. 84
Reference angle /(%) 87.54 36. 88 53.13
Absolute error /(°) 1. 36 0.45 0.71
Relative error /% 1.55 1.22 1. 34
Circle 7 /(°) 82.22 56.05 35.06
Circle 8 /(*) 81.63 57.10 34.22
Circle 9 /() 81.91 56. 20 35.02
3 Average angle /(") 81.92 56. 45 34,77
Reference angle /(%) 81.01 57.22 34. 28
Absolute error /(%) 0.91 0.77 0. 49
Relative error /% 1.12 1.35 1.43
Average absolute error /(%) 1. 14 0.62 0.58
Average relative error /% 1.33 1.23 1. 44
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Table 2 Estimated water depths of the cylindrical object

Circle No. 1 2 3 4 5 6 7 8 9
Reference depth /mm 3680 3680 3680 3262 3387 3511 3680 3680 368
Estimated depth /mm 3534 3526 3502 3414 3523 3700 3523 3554 3510
Absolute error /mm 146 154 178 152 136 189 157 126 170

Relative error /% 3.97 4.18 4. 84 4,66 4.02 5.38 4,27 3.42 4,62
Average absolute error /mm 157
Average relative error /% 4. 37
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Fig. 7 Improvement on light by homomorphic filtering. Circle 6 in (a) is lack of light, which causes large deviations;

(b), (c) edge detection results without and with using homomorphic filtering, respectively
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