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Abstract: Underwater Sensor Networks (USNs) are used for monitoring outbreak of red tide or earthquakes,
and so on. In order to deploy the sensor nodes on the seabed in these networks, the nodes are sometimes just
thrown into the sea. In these cases, we only know the approximate positions, and we need more accurate
positions for the sensor nodes under the sea. In this paper, we propose a localization method for estimating
the positions of the nodes while minimizing the fuel and other costs for an anchor node (i.e., a boat) moving
on the surface of the sea. The proposed method utilizes the trilateration technique to locate the accurate po-
sitions of the nodes by measuring the distances between the boat and sensor nodes. In order to maintain the
accuracy of the obtained positions, we need to measure the distances from three affine-independent points,
and we need to find a good route to save the fuel and other costs for the boat. The proposed method first
decides three random measurement points for each sensor node, and then it derives the shortest path for
visiting the all measurement points. This is a travelling salesman problem, and we use the Lin-Kernighan
method to obtain the shortest route. Then, we apply the Conjugate Gradient method to the positions of the
measurement points so that the total cost function is minimized. We also consider the error involved in the
measured distances coming from variation of acoustic signal velocity by fluctuation of the salt concentration,
temperature, etc. We conducted a simulation-based study, and our method estimated positions of all nodes
with 119-137 m of average estimation error in 27-34% lower costs than a random method.
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Fig. 5 Lin-Kernighan.
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Fig. 6 Estimation error.
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Table 2 Simulation parameters.
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Fig. 7 Estimation accuracy (depth 1,000 m).
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Fig. 8 Estimation accuracy (depth 2,000 m).

1000

——60°
900
T 50 =&=90°
s 700 ——120"
%sm
500 £
A =N
fm sc0 &
 —— —
100
o T T T )
1000 2000 3000 4000

d[m]

9 K 3,000 m DI5& O EHEEHR
Fig. 9 Estimation accuracy (depth 3,000 m).
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Fig. 10 Estimation accuracy (depth 4,000 m).
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Fig. 12 The number of measurement points.
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