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The Underwater UUV Docking with 3D RF Signal Attenuation based Localization
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Abstract

In this paper, we developed an underwater localization system for underwater robot docking using the electromagnetic
wave attenuation model. Electromagnetic waves are generally known to be impossible to use in water environment. How-
ever, according to the conclusions of the previous studies on the attenuation characteristics in underwater, the attenuation

pattern is uniform and its model was accurately proposed and verified in

3-dimensional space via the omnidirectional

antenna. In this paper, a docking structure and localization sensor system are developed for a widely used cone type docking
mechanism. First, we fabricated electromagnetic wave range sensor transmit modules. And a mobile sensor node is equipped
with unmanned underwater vehicle(UUV)s. The mobile node senses the four different signal strength (RSS: Received Signal
Strength) from fixed nodes, and the obtained RSS data are transformed to each distance information using the 3-Dimensional
EM wave attenuation model. Then, the relative localization between the docking area and underwater robot can be achieved
according to optimization algorithm. Finally, experimental results show the feasibility of the proposed localization system
for the docking induction by comparing the errors in the actual position of the mobile node and the theoretical position

through the model.
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A. USBL based Dock station

B. Vision based Dock station
Fig. 1. UUV Docking bed with “Cone” type access port [4,5]
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Fig. 2. Principle of Received Signal Strength (RSS)
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Omni directional antenna gain pattern

Isotropic antenna gain pattern

Fig. 3. Omni-directional antenna pattern [10,11]
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Fig. 4. Docking method for EM wave Localization
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Model data (dBm) Exp. Data (dBm) Error Mean error  Estimated Position X, y, z Location  Error
Real Pos.(cm) Node Node (dB) (dB) (cm) Difference (cm)  (cm)
0,1,23 0,1,2 3
-26.8868 -28.5656 -1.6788 571 7
-128.0872 -80.1738 479135 ’
50, 50, 0 60,5559 -57.0401 35158 16.5150 60561 1?).9 17.3
-72.4945 -85.4465 -12.9520 ’
SO B
130, 100, 40 -61.6942 -67.3657 5.6715 43852 ZZ'; 00;117 133
-59.5845 -62.2256 -2.6411 ’ ’
U o
130, 130. 0 -49.5089 -54.2055 -4.6966 >-1361 115;'1 Z; 73
-54.4442 -61.4354 -6.9912 - ’
wEame o
150, 100, 30 58,0521 581330 0.0809 3.4145 12138.35 168.65 20.3
-64.3479 -71.5922 -7.2442 ’ ’
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