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Weighted polynomial fitting method
for estimating shape of acoustic sensor array
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ABSTRACT: In modern passive sonar systems, a towed array sensor is used to minimize the effects of own ship
noise and to get a higher SNR. The thin and long towed array sensor can be guided in a non-linear form according
to the maneuvering of tow-ship. If this change of the array shape is not considered, the performance of beamformer
may deteriorate. In order to properly beamform the elements in the array, an accurate estimate of the array shape
is required. Various techniques exist for estimating the shape of the linear array. In the case of a method using a
heading sensor, the estimation performance may be degraded due to the effect of heading sensor noise. As means
of removing this potential error, weighted polynomial fitting technique for estimating array shape is developed
here. In order to evaluate the performance of proposed method, we conducted computer simulation. From the
experiments, it was confirmed that the proposed method is more robust to noise than the conventional method.
Keywords: Line array, Shape estimation, Weighted polynomial fitting, Heading sensor
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Fig. 1. Block diagram of proposed method.
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Table 1. Parameter setup for simulation.

Parameter Value
Length of array 350 [m]
Number of heading sensor 8 [EA]
Heading sensor spacing 50 [m]
Number of Hydrophone 72 [EA]
Hydrophone spacing 5 [m]
Measurement noise variance 11[°]
Degree of polynomial fitting 4
Convergence threshold (¢) 0.01
y
Aymax
v
x
Axmax
Fig. 2. Definition of non-linearity.
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Fig. 3. Example of Heading sensor data.
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Table 2. The comparison of the heading sensor
position errors between the weighted and non-

weighted methods.

ox
o

RMSE [m]
Non-linearity 0 [%)]
Weighted Non-weighted
0 1.38 1.50
5 1.36 1.50
10 1.39 1.54
15 1.43 1.58
20 1.48 1.64
25 1.69 1.80

Table 3. The comparison of the calculation time
between the weighted and non-weighted methods.

Calculation time [msec]
Non-linearity § [%]
Weighted Non-weighted
0 17.32 18.36
5 34.25 34.21
10 48.18 47.98
15 64.11 64.38
20 80.59 80.47
25 90.03 89.15
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Table 4. The comparison of the heading sensor
position errors between the weighted and non-
weighted methods.

Non-linearity RMSE [m]
Degree o - B
o [%] Weighted | Non-weighted
0 1.28 4.53
2" order 10 1.30 4.55
20 1.62 4.65
d 10 1.36 4.54
3" order
20 2.81 4.67
100
Actual sensor
0O  Mon-weighted
O \Weighted
50
E ol
5

-50 |

-100
-150 100 50 0 30 100 130

X [m]

Fig. 6. Estimated positions of hydrophones at 6 =10 %
with impulse noise.
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Table 5. The comparison of the detected target
bearing errors between the weighted and non-

weighted methods.

Non-linearity RMSE [°]
Degree o - 3
6 [%] Weighted | Non-weighted

0 0.26 1.43

2" order 10 0.37 1.56

20 0.41 1.68

J 10 0.47 1.47
3" order

20 0.49 1.49
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