Seabed Variability and its Influence on 

Acoustic Prediction Uncertainty

ONR Capturing Uncertainty DRI

Seabed Variability Team 

LONG TERM GOALS

The long term goal is to assess and characterize uncertainty in the tactical naval environment.  The focus is on the contribution of seabed variability to uncertainty in sonar performance predictions.  In littoral warfare, the seabed is often a controlling factor in sonar system performance. 

OBJECTIVES

The objectives of this effort were to: 1) assess and characterize seafloor variability in shelf environments and 2) determine the impact of the seafloor variability on acoustic prediction uncertainty.  

SCIENTIFIC SUCCESSES

1. Seabed variability characterization on NJ shelf from probe data.  In-situ probe measurements of sediment surficial velocity were used to develop a statistical model of velocity variability. Such models can be (and were) used to predict sediment properties at unsampled locations and estimate uncertainty in that prediction.

2.  Seabed variability characterization and uncertainty on the NJ shelf from Sedflux. A geologic predictive model Sedflux was exercised to predict the 2D variability of sediment geoacoustic properties. Model inputs were varied via constrained sampling to determine the sensitivity of predictions to geologic input parameters.

3. Bathymetry uncertainty characterization and visualization. We quantified the magnitude of the measurement errors associated with bathymetric surveys, the effects of incompleteness in sparse historical data, and spatio-temporal effects of sound speed determination in modern surveys.  We also explored innovative ways of visualizing data uncertainty.

4. Geoacoustic uncertainty characterization.  We quantified uncertainties of the acoustic data (seabed reflection) and transferred them through the inversion process (using a Bayesian approach which includes uncertainties in the forward model) to produce rigorous uncertainties of the geoacoustic parameters in a fully-coupled PDF.

5. Propagation, scattering and reverberation uncertainty. We developed transfer of uncertainty to propagation, scattering and reverberation analytically under adiabatic assumption and completely using Monte-Carlo Techniques, using statistical models from 1) above. We also developed model-based Bayesian transfer of scattering strength uncertainty to reverberation uncertainty.

6. Model/data resolution matrix construction. We developed a computationally efficient method to obtain the Frechet derivative, an important metric for assessing impact of geoacoustic uncertainty on acoustic uncertainty, thus allowing us to predict the effect of 4) above on propagation and scattering models.

7. Future experiment ideas Variability and uncertainty analyses for the NJ STRATAFORM area have provided new experimental ideas that are being woven into the ONR Ocean Acoustics Shallow Water Experiment in 2006.

INTERDISCIPLINARY SUCCESSES

1. First interaction of geologic predictive modeling with geoacoustic observations.  This was the first (to our knowledge) examination of the potential for geologic models to predict geoacoustic properties and their spatial variability. This brought together the communities engaged in: geologic modeling, geologic measurements, acoustic modeling, and geoacoustic measurements.  Comparison of predicted vs observed geoacoustic properties looks promising particularly with the advent of 3D geologic process models.

2. Interaction of geo-statistical modeling and acoustic modeling.  We demonstrated how to couple statistical models of geoacoustic spatial variability to propagation/ reverberation models. We were thus able to assess how the variability of the seabed impacts transmission loss and reverberation.

3. Laying groundwork for 4th generation seabed databases for the Fleet. The next generation seabed databases for the Fleet will require treatment of uncertainty, for which we have made some important contributions.  In addition, the next generation database will require a much more sophisticated approach spatial extrapolation; the collective expertise of the seabed team was able to begin to address this important issue.
TRANSITIONS

1. Algorithm for automated analysis of bathymetric uncertainty transitioned to: 

· NAVO through SAIC and IVS

· NOAA through CARIS

· Wider community through manufacturers (e.g., Simrad and others)

POSSIBLE TRANSITION DIRECTIONS
1. Algorithms and approach to characterizing geoacoustic uncertainty formalism to NAVOCEANO for potential inclusion in databases

2. Algorithms for historical bathymetric uncertainty, potential transition to NAVOCEANO and NIMA

3. Method for quantifying bottom reflection uncertainty and associated geoacoustic uncertainty, potential transition to NAVOCEANO

4. Method for remote acoustic measurement sediment density has very low uncertainty for fine-grained sediments; “transition” recommended to MCM community (mine burial prediction)

5. Technique to provide seabed roughness from Sedflux for acoustic modelers

6. Possible Frechet derivative transition to TAMDA bottom inversion algorithm (Greg Anderson, APL-UW).




























