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Evaluation of Recognition Performance Using Active 3D Marker under Simulated Turbid Deep Sea
Environment
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Autonomous Underwater Vehicles (AUVs) have been developed for seabed resources explo-
ration. For that purpose of AUVs, it is necessary that an they are able to work for a long time to
accomplish these works efficiently. Therefore, to extend active time of the AUV, researches have
been conducted on autonomous returning and docking system of the AUV with a power supply
station under the surface of the sea. We designed and constructed a dual-eye-based docking
system for underwater battery recharging. In this system, the AUV recognizes the light-emission
3D target object installed in the station. However, a recognition performance of this system is
affected by turbidity of seawater in the actual sea. To verify the influence of turbidity, evalu-
ation experiments on recognition performance were conducted. In this thesis, we analyzed the
recognition performance with different turbidities and recognition distances in dark and turbid

environment.
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Fig.1 Overview of ROV (DELTA-150)
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Fig.2 Active/Lighting 3D Marker
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Fig.3 Real Target and Projected 3D Model in 2D Images
Obtained by the Right and Left Camera
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Fig.4 Experiment Environment
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Fig.5 Structure of Jig and Coordinate System Provided
in the Experiments
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Table 1 The Average Fitness Vlue Measured with Different Turbidity Levels and Distances between Camera and
Active 3D Marker. The Area I Represents the Docking Available Area (F > 0.60). The Aea I Represents
the Recognizable Area(0.22 < F' < 0.60). The Remaining Area, the Area I, Represents that the Active 3D
Marker cannot be Area by the RM-GA(F' < 0.22).

Distance [mm
Turbidy (FTOT [mml 400 600 800 1000 1200 1400 1600 1800 2000
0 FTU (0[ml/m*]) 0.961 0.991 0.983 0.986 0.875 0849 [(Ad.795 0.756 0.748
0 FTU (2.43[ml/m®]) 0.967 0.977 0.985 0.979 0.865 0.840 0.783 0.751 0757
0.56 FTU(4.85[ml/m3]) 0.962 0.974 0.976 0.972 0.863 0.847 0.782 0.749 .73 7 e Area I
0.76 FTU(7.28[ml/m3]) 0.955 0.975 0.974 0.970 0.856 0.829 0.774 0.720 0.713
1.03 FTU(9.70[ml/m*]) 0.955 0.965 0.963 0.972 0.846 0.806 0.749 0.631 0,619
1.2 FTU (1.21 X 10'[ml/m?]) 0.963 0.972 0.959 0.957 0.838 0.787 0.730 0,605 0.574
1.6 FTU (1.46 X 10! [ml/m®]) 0.950 0.971 0.962 0.955 0.818 0.780 0.692 0.587 0.481
1.76 FTU (1.70 X 10! [ml/m*]) 0.948 0.963 0.949 0.954 0.811 0.765 0.674 0.566 0.458
1.7 FTU (1.94 X 10' [ml/m®]) 0.944 0.965 0.948 0.946 0.800 0.754 0630 0.472 0.427, Are a H
2.46 FTU (2.18 X 10! [ml/m3]) 0.954 0.961 0.955 0.943 0.795 0.708 0.595 0.484 0.384
2.6 FTU (2.43 X 10! [ml/m?]) 0.956 0.959 0.950 0.928 0.764 0.660 0.501 0.436 0.339
3.03 FTU (2.67 X 10! [ml/m3]) 0.933 0.954 0.956 0.927 0.737 062 Bh.432 0.396 0220 [
3.5 FTU (2.91 % 10! [ml/m?]) 0.939 0.941 0.947 0.906 0.735 0.538 0.388 0.334 0.214
3.56 FTU (3.15 X 10! [ml/m3]) 0.955 0.937 0.947 0.893 0.690 0.518 0.373 0.229 0.196
3.9 FTU(3.40 X 10! [ml/m*]) 0.939 0.949 0.943 0.884 0652 0.464 0.262 0.220 0.205
4.06 FTU(3.64 X 10! [ml/m?3]) 0.943 0.952 0.936 0.860 0.595 0.440 0.245 0.210° 0.188
4.66 FTU (4.12 X 10! [ml/m?]) 0.943 0.940 0.917 0.805 0.465 0.255 0.220, 0.193 ()17 | m—— Area ]H
5.16 FTU (4.61 X 10! [ml/m?®]) 0.941 0.935 0.895 0.720 0.383 0.243 0.211 0.172 0.157
6.86 FTU (5.09 X 10! [ml/m’]) 0.937 0.906 0.853 0.672 0.338 0.232 0.200 0.169 0.116
7.46 FTU (5.58 X 10! [ml/m?]) 0.928 0.901 0.815 0.597 0.224 0.219 0.172 0.151 0.076
8.03 FTU (6.06 X 10 [ml/m3]) 0.923 0.872 0.763 0.450 0.218 0.191 0.164 0.100 0.039
8.66 FTU (6.55 % 10! [ml/m3]) 0.926 0.858 0.700 0.322 0.219 0.173 0.153 0.045 0.036
9.16 FTU (7.03 X 10! [ml/m?]) 0.917 0.842 0651 0.246 0.213 0.168 0.102 0.035 0.037
9.8 FTU (7.52 X 10! [ml/m?®]) 0.911 0.803 0.581 0.075 0.206 0.148 0.054 0.034 0.037
10.56 FTU (8.00 X 10! [ml/m3]) | 0.894 0.764 0.509 0.111 0.177 0.132 0.034 0.035 0.037
11.33 FTU (8.49 X 10' [ml/m3]) | 0.877 0.745 0.418 0.086 0.160 0.074__(IC)0.033 0.036 0.037
11.93 FTU (8.97 X 10' [ml/m*]) | 0.845 0.685 0.307, 0.064 0.149 0.035 0.035 0.038 0.039
12.23 FTU (9.46 X 10! [m/m*])) §|  0.833 0.657 0.150 0.022 0.153 0.049 0.035 0.038 0.039
12.73 FTU (9.94 X 10! [ml/m3)) | 0.817 0.626 0.143 0.023 — - - - -
13.13 FTU (1.04 X 102 [ml/m*])) §|  0.814 0.578 0.126 0.018 - - - - -
14.06 FTU (1.09 X 102[ml/m*]) | 0.768 0.483 0.102 0.019 — — - - -
14.6 FTU (1.14 X 102[ml/m®]) 0.760 0.420 0.096 0.017 — — - - -
15.03 FTU (1.19 X 102[ml/m3)) | 0.742 0.402 0.068 0.028 — - - - -
18.33 FTU (1.29 X 102[ml/m*]) | 0.710 0.273 0.046 0.019 - - - - -
18.5 FTU (1.38 X 102[ml/m?3]) 0.631 0.175 0.021 0.021 — - - - -
19.06 FTU (1.48 X 102 [ml/m?]) 0.084 0.020 0.022 - - - - -
20.33 FTU (1.58 X 102[ml/m*)) | 0.568 0.101 0.019 0.022 — - - - -
20.93 FTU (1.67 X 102 [ml/m?]) | 0.548 0.054 0.021 0.020 — — - - -
22.8 FTU (1.77 % 102 [ml/m?]) 0.480 0.063 0.040 0.020 — - - - -
23.66 FTU (1.87 X 102[ml/m?]) | 0.408 0.056 0.021 0.021 - - - - -
24.96 FTU (1.96 X 102[ml/m*])) B 0.387 0.055 0.019 0.019 - - - - -
25.76 FTU (2.06 X 102[ml/m?]) L 0.234 0.035 0.018 0.019 — — - - -
2773 FTU (2.16 X 102 [ml/m?]) | 0.185 0.038 0.021 0.020 — — - - -
28.5 FTU (2.26 X 102 [ml/m’]) 0.211 0.020 0.019 0.021 — — - - -
29.46 FTU (2.35 X 102[m/m*]) |  0.143 0.023 0.021 0.020 - - - - -
30.63 FTU (2.45 X 102[ml/m?]) | 0.146 0.021 0.019 0.024 — — - - -
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Fig.6 Left and Right Camera Images and Fitness Value of Turbidity are O[FTU](A),3.03[FTU](B) and 11.33[FTU](C).
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