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ULF source parameter estimation in deep-water environment with HLA using oceanic invariant

Source parameter estimation -mainly range and depthis a topic of key interest in the context of sonar activities. The case of Ultra Low Frequency (ULF, i.e. below 100Hz) acoustic signal received on a long Horizontal Linear Antenna (HLA) in deep-water environment (water depth more than 2000m) has not been much investigated.

When possible, a very accurate knowledge of both wave field and environment would give way to accurate measurements of the source parameters. On the contrary, fast robust algorithms that would provide rough estimates of the source parameters, with little sensitivity on environment, would be highly practical for achieving a first level of processing; for instance, algorithms classifying a source as "deep" or "shallow" have been proposed and are of a tremendous importance.

 to ULF signals, displaying non-geometrical fully modal propagation effect. Using the Thales modal model MOCTESUMA, realistic simulations have been realized, that can be used to improve oceanic invariant and source parameter estimation.

INTRODUCTION

Using modal representation in deep ocean environment for source localization is not an easy task. Stationary signals cannot be separated as well-separated multi-paths in the time domain, and a large water depth leads to densely-distributed overlapping modes in the frequencywave-number (f-k) plane.

Among other methods, waveguide invariant can give information about distance and/or depth estimation.

WAVEGUIDE INVARIANT

The so-called "waveguide invariant" is a parameter arising from the slopes of interference striations which appear in a range (along the array)-frequency representation of the acoustic field. This parametergenerally denoted -can be defined as the ratio of the relative variation of frequency f to the relative variation of source range R along a striation crest:

The "invariance" reflects the fact that this parameter is slightly affected by the environment (mainly soundspeed profile and seabed properties).

SIMULATED DATA

With the model MOCTESUMA, we generate fully modal time series of pressures received on the array sensors. A source moving at constant velocity and direction induces interference striations in the rangefrequency plane, optionally for any specified pair of modes. Striation characteristics can be used to derive observables (see e.g. [START_REF] Heaney | Rapid Geoacoustic Characterization Using a Surface Ship of Opportunity[END_REF]). As proposed by [START_REF] Emmetière | Invariant océanique grand-fond et la discrimination de sources UBF (1-300 Hz) sur une antenne horizontale[END_REF], transforming striation into intensity peaks in a wavenumber-time plane through 2D FFT is a way to better evaluate the waveguide invariant.

INVARIANT DISTRIBUTION

This processing has been applied to simulated data, at 32Hz for all pairs of modes -figure 1. We obtain the structure of the invariant distribution as the one computed at 300 Hz using modes wavenumbers given by KRAKEN in a shallow waveguide [START_REF] Cockrel | Robust passive range estimation using the waveguide invariant[END_REF]. 

Figure 1 -waveguide invariant distribution for all pairs of mode showing areas with 1.0 as main value (B,C and C') negative values for trapped modes interferences (A) and (D) quasi null values for non propagating modes

WAVE GUIDE INVARIANT OVER FOUR MINUTES SCENARIO

Simulated time series have been computed for a 10Hz bandwidth signal around mean frequency 20Hz for four scenarios: summer and winter Mediterranean velocity profiles have been considered for a source near the surface and a deep source. Both sources move linearly at constant velocity. This gives four spectrograms featuring regular striations (figure 2). Then, a 2D FFT has been computed every 0,1Hz and every 2s over a timefrequency window of size [5Hz x 250s].

The main slope has been evaluated through peak detection in the FFT domain, allowing to derive an estimation of the waveguide invariant. The estimations over the complete scenarios are displayed by figure 2.

Except for the upper-right corners of figures 2a and b where the recorded signal appears less energetic (probably due to destructive interferences), the estimation is roughly uniform. It demonstrates, on these data, the robustness of the algorithm used for this calculation.

Moreover, one can observe that the average invariant estimation -~0,7 -is lower for surface source (vs~1,1 for depth sources). If it could be confirmed over other scenarios, it would suggest a possible simple way to discriminate shallow from deep source. The "invariant" could be estimated using several surface ships as of opportunity sources and the mean value could be then used to derive a threshold for deep vs. surface source classification.

Such an algorithm would rely on an a priori estimation of the range R and of the range variation DR. This can be achieved through array methods like focalized beamforming, triangulation or using multipath.

Another approach could use the fact that such range estimation and/or variation can be constrained thanks to the wave guide invariant estimation using: 

Figure 2 -

 2 Figure 2 -Invariant estimation for (a) surface source in summer (b) surface source in winter (c) depth source in summer and (d) depth source in winter
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