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Development of 3-Dimensional Sensor Nodes using Electro-magnetic
Waves for Underwater Localization
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Abstract: In this paper, we discuss a 3-dimensional localization sensor node using EM waves (Electromagnetic waves) with
RSSI (Received Signal Strength Indicator). Generally EM waves cannot be used in underwater environment, because the signal
is highly attenuated by the water medium according to the distance. Although the signal quickly reduces in underwater, the
reducing tendency is very clear and uniform. Hence EM waves have possibility as underwater distance sensors. The authors
have verified the possibility by theory and several experiments, and developed calibration methods in case of linear and planer
environment. For 3-dimensional localization in underwater, it must be known antenna’s radiation pattern property in electric
plane(called E-plane). In this paper, we proceed experiments to verify attenuation tendency with z axis movement, PLF
(Polarization Loss Factor) and ILF (Inclination Loss Factor) with its theoretical approach.
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Fig. 1. Underwater baseline positioning system [2].
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Fig. 2. EM wave attenuation during propagation in air and water [4]. Fig. 3. RSSI comparison results: experiment and theory.
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Table 1. The results of planer localization.

2D localization

Condition 1

Condition 2

Actual position

[1.270, 2.503]

[1.270, 2.503]

Mean position

[1.293, 2.528]

[1.283, 2.517]

Error (mean-actual) 0.0273 m 0.0196 m
RMS error 0.0473 m 0.0409 m
Max. error 0.1132 m 0.1163 m
Min. error 0.0023 m 0.0057 m
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2D Localization Result 2D Localization Result
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Fig. 5. Planer localization experimental result [7].
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Table 2. Characteristics of experimental environment.
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E 3 A T=E5A
Table 3. Characteristics of experimental structure.
Model Characteristics

270 kHz-2.7 GHz
RF signal generate
10 dBm to -110 dBm
analysis

NI-5660 Signal generator
Alz=5l | NI-5670 Vector signal
analyzer

A3 L .| 8 m(Width), 7 m(Depth)
sz KIRO Engineering Basin 12 m(Height)
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Experimental frame for vertical movement TX and RX
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Fig. 13. Attenuation by inclination effect.
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