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Estimation of the property of small underwater target
using the mono-static sonar
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ABSTRACT: Small unmanned platforms maneuvering underwater are the key naval future forces, utilized as the
asymmetric power in war. As a method of detecting and identifying such platforms, we introduce a property
estimation technique based on an iterative numerical analysis. The property estimation technique can estimate not
only the position of a target but also its physical properties. Moreover, it will have a potential in detecting and
classifying still target or multiple targets. In this study, we have conducted the property estimation of an small
underwater target using the data acquired from the lake experiment. As a result, it shows that the properties of a
small platform may be roughly estimated from the in site data even using one channel.
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Fig. 1. The results of the property estimations for the
synthetic examples.

Table 1. The parameters of synthetic experiments.

Parameters Information
Field size 40 m x 40 m (grid size of 0.01 m)
Target size 5 m x 0.5 m (velocity of 4.5 km/s)
Projector 180 times (shifting interval of 1°)
Receiver [CASE 1] 180 elements (interval of 1°)

[CASE 2] 1 element

Source wavelet | <3 kHz (First derivative of Gaussian)

Modeling method | Staggered grid finite differences

Domain Time domain

Objective function | L2-norm

Iteration 200 times
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Fig. 2. The concept of the lake experiment.
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Table 2. Setup for the signal acquisition.

Parameters Information
Projector 180 times (shifting interval of 1°)
Receiver 6 elements (interval of 10°)

Source wavelet 70 kHz (Continuous wave)

Sampling interval 1 ps
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Fig. 3. Recorded signals from the lake experiment.
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Fig. 4. Time—-domain signals (a) before and (b) after

the quadrature

modulation.

Table 3. The parameters of the lake experiment.

Parameters Information

Field size 20 m x 20 m (grid size of 0.1 m)

Target size 5 m x 0.5 m (velocity of 4.5 km/s)
Projector 180 times (shifting interval of 1°)
Receiver 1 element (mono-static)

Source wavelet

3.5 kHz (Modulated from 70 kHz)

Modeling method

Staggered grid finite differences

Domain

Time domain

Objective function |  L2-norm

Iteration

100 times
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Fig. 5. The 100" inverted velocity model from the
lake experiment.
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