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ABSTRACT: A short-range underwater target detection and identification techniques using mid- and high-frequency
bands have been highly developed. However, nowadays the long-range detection using the low-frequency band
is requested and one of the most challengeable issues. The waveform inversion technique is widely used and the
hottest technology in both academia and industry of the seismic exploration. It is based on the numerical analysis
tool, and could construct more than a few kilometers of the subsurface structures and model-parameters such as
P-wave velocity using a low-frequency band. By applying this technique to the underwater acoustic circumstance,
firstly application of underwater target detection is verified. Furthermore, subsurface structures and it’s parameters
ofthe war-field are well reconstructed. We can confirm that this technique greatly reduces the false-alarm rate for
the underwater targets because it could accurately reproduce both the shape and the model-parameters at the same
time.
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Fig. 1. The concept of the detection technigue using
the waveform inversion.
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Fig. 2. Waveform inversion examples: (a) true velocity
model and (b) inverted result (image courtesy Shin
and Cha'®).
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Fig. 3. Work flow of the waveform inversion.
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Table 1. The simulation cases for detecting a target.

Test Set Subsurface Model Target
CASE 1 2-layer model bottoming
CASE 2 2-layer model floating
CASE 3 continental shelf model bottoming
CASE 4 continental shelf model floating

Table 2. The parameters of CASE 1 and CASE 2.

Parameters Information

Field Size 600 m x 300 m (grid size of 2 m)

Target Size 20 m x 6 m (velocity of 4.5 km/s)
Projector 70 times (shifting interval of 8 m)
Receiver Line array with 300 elements

Source Wavelet
Modeling Method

< 150 Hz (First derivative of Gaussian)

Staggered Grid Finite Differences

Domain Time domain
Objective Function |12-norm
Iteration 200 times
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Fig. 4. The simulation results of CASE 1 and CASE 2 : (a, b) True, (c, d) initial, (e, f) 50" inverted and (g, h) 200"
inverted models.
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Fig. 5. The simulation results of CASE 3 and CASE 4: (a, b) True, (c, d) initial, (e, f) 50" inverted and (g, h) 200"
inverted models.
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