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Calibrating Electrode Misplacement in Underwater Electric Field Sensor Arrays
for the Electric Field-Based Localization of Underwater Vessels

Jason Kim', Ingyu Lee', Ki-Woong Bae’, and Son-Cheol Yu"*

Abstract

This paper proposes a method to calibrate the electrode misplacement in underwater electric field sensor arrays (EFSAs) for accurate
measurements of underwater electric field signatures. The electrode misplacement of an EFSA was estimated by measuring the electric field
signatures generated by a known electric source and by comparing the measurements with the theoretical calculations under similar mea-
surement conditions. When the EFSA measured the electric field signatures induced by an unknown electric source, the electric properties
of the unknown electric source were approximated by considering the optimized estimation of the electrode misplacement of the EFSA.
Finally, the measured electric field signatures were calibrated by calculating the theoretical electric field signatures to be measured with an
ideally installed EFSA without electrode misplacement; the approximated electric properties of the unknown electric source were also taken
into account. Simulations were conducted to test the proposed calibration method. The results showed that the electrode misplacement could
be estimated. Further, the electric field measurements and the electric field-based localization of underwater vessels became more accurate
after the application of the proposed calibration method. The proposed method will contribute to applications such as the detection and local-

ization of underwater electric sources, which require accurate measurements of underwater electric field signatures.

Keywords: Sensor calibration, Sensor installation error, Point-dipole model, Underwater electric potential (UEP), Particle

swarm optimization (PSO)
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Fig. 1. Installation of electric field sensor array and misplacement
(red arrow) of electrodes.
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Table 1. Parameters for particle swarm optimization.

Value Definition
N, 1000 Number of particles in the swarm
w 0.3  Particle velocity scaling factor
B 05 Particle acceleration weight towards the personal
! "~ best (pbest)

Particle acceleration weight towards the global
cy 0.5

best (gbest)
Tinax 100 Maximum number of iterations
‘ 10° Minimum change of swarm’s best objective value

before termination

Table 2. The predefined (m) and optimally predicted (};1) electrode
misplacements and the corresponding misplaced distances.

(Unit: m)
Misplacement Misplaced Distance
ID A S
m m lg-pl  lg—q
X -0.128 -0.453
1 Y 1.609 1.410 1.719 0.546
4 -0.591 -0.981
X 1.312 1.325
2 Y -0.783 -0.818 1.545 0.042
zZ -0.226 -0.207
X 0.923 0.868
3 Y -3.124 -3.04 3315 0.133
zZ 0.613 0.526
X -4.221 -4.354
4 Y 2.082 2.335 4714 0.320
Z 0.26 0.115
X -0.966 -1.076
5 Y 0.356 0414 1.179 0.325
Z 0.574 0.875
X -2.756 -2.915
6 Y 2.674 2.449 3.864 0316
4 -0.433 -0.278
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Fig. 2. The position of the underwater vessel vs. electric fields (a) at
the first channel and (b) at the third channel of the EFSA.
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Table 3. Averaged simulation results before and after calibration.

Before calibration After calibration

Electrode misplacements 2.72 m 028 m
Electric field measurement

errors

Path 1 0.46 pV/m 0.05 puV/m
Path 2 0.49 puV/m 0.06 uV/m
Localization errors

Path 1 7.65 m 246 m

Path 2 6.16 m 220 m
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