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Underwater Localization using EM Wave Attenuation
with Depth Information
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Kyungmin Kwak', Daegil Park’, Wan Kyun Chungz, Jinhyun Kim'

For the underwater localization, acoustic sensor systems are widely used due to greater
penetration properties of acoustic signals in underwater environments. On the other hand, the good
penetration property causes multipath and interference effects in structured environment too. To overcome
this demerit, a localization method using the attenuation of electro-magnetic(EM) waves was proposed
in several literatures, in which distance estimation and 2D-localization experiments show remarkable
results. However, in 3D-localization application, the estimation difficulties increase due to the nonuniform
(doughnut like) radiation pattern of an omni-directional antenna related to the depth direction. For
solving this problem, we added a depth sensor for improving underwater 3D-localization with the EM
wave method. A micro scale pressure sensor is located in the mobile node antenna, and the depth data
from the pressure sensor is calibrated by the curve fitting algorithm. We adapted the depth(z) data to
3D EM wave pattern model for the error reduction of the localization. Finally, some experiments were
executed for 3D localization with the fast calculation and less errors.
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Fig. 1. EM wave radiation pattern
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Table 1. Pressure sensor model data

Real depth (m) | 0.5 1 1.5 2 2.5 3 35 4 45 5
P sensor Volt (V)| 12043 | 14232 | 1.6365 | 1.8399 | 2.0611 | 22511 | 24492 | 2.6325 | 2.8312 | 3.0257
Est. by model (V)| 1.2048 | 14224 | 1.6361 | 1.8461 | 2.0525 | 22556 | 2.4555 | 2.6523 | 2.8462 | 3.0372
Error (V) -0.0005 | 0.0008 | 0.0004 | -0.0062 | 0.0086 | -0.0045 | -0.0063 | -0.0198 | -0.015 | -0.0115
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Table 2. The position error result

P. sensor average STDEV. for Error | Error w. P. sensor|  Error w/o. P.
N Real Pos. A B
ode eal Pos. (cm) data (V) verage error (dB) (dB) (cm) sensor (cm)
2.7063, 11.4183 0.0359, 0.0367 1.1742
Yellow Nod 100, 100, 40 1.16075 ’ ’ ’ ’ 1.1741
erow Rode T 3.3359,6.3673 | 0.0131,0.0332 (+0.001)
2.0103, 24.2313, 0.0221, 0.0382, 0.7361
Purple Node |- 150, 50, 30 111658 -8.8484,1.2258 | 0.0116,0.0291 09714 (-0.2347)
9.7305, 16.1935 0.0373,0.1024 2.9139
R 1 150, 2 1.072 ’ ’ ’ ’ 1.1811
edNode | 150,150, 20 07203 03107, 1.1425 | 0.0102, 0.0822 8 (+1.1028)
14.4342, 9.8870 0.1211, 0.0542 4.4301
N 150, 150, 50 1.20472 ’ ’ ’ ’ 1.731
Green Node | 150, 150, 3 7 5.9863,4.8360 | 0.1033,0.0231 317 (+2.6984)
19.8839, 17.5968 0.1924, 0.0592 0.6863
Blue Nod 200, 150, 50 1.20472 ’ ’ ’ ’ 2.0687
He Node P 3.6574,0.8457 | 0.0603,0.0237 (-1.3824)
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