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The "A" working group took a "top-down" approach to discussing uncertainty and formulating a research plan of attack. The first part of the morning session focused on the fleet need and application for ultimately improving sonar system performance prediction capabilities. The last hour before lunch and the first hour in the afternoon session focused on basic research needs.

· The fleet application experts in the group discussed limitations and deficiencies in current Tactical Decision Aids (TDA) and future improvement possibilities. The following points were noted: 

· Present sonar system performance prediction tools used in TDAs are not reliable. 
· There is no method to validate the predictions with the onboard systems. The predictions work in some environments and not in others. Why this is, is not known to the operator.

· Many sonar operators review existing sonar logs and operation notes from other operators when planning specific mission strategies, rather then using the on-board prediction capabilities.
· Future improved or "expert" TDAs should communicate with the sensor(s) and help the sensor sample and characterize the uncertainty in the environment. That is, we should take advantage of the system for characterizing uncertainty.

Reasons for these problems were discussed and it was generally concluded that the inputs to the models are usually insufficient to properly characterize the environment, and thus "garbage in equals garbage out." Also, the uncertainty in various parts of the sonar equation are not known in tactical, littoral environments and the need for capturing uncertainty and quantifying it for the sonar operator would be a step in the right direction. It was agreed that characterizing and reducing uncertainty in sonar systems would result in improved overall sonar system performance. This should be a long-term goal for ONR’s Uncertainty Program.

Several other issues and questions were addressed. These include sampling, bottom characterization, and prioritizing environmental uncertainty conditions. 

· Sampling: What do we have to do to sufficiently characterize the envrionment, recognizing that an XBT per hour will not be accepted by the fleet? The fleet needs an effective environmental sampling strategy.
· Bottom Characterization: How well do we have to know and characterize the bottom? As the sonar moves along in space, the bottom changes and bottom variability is uncertainty since it is not known.
· Environmental uncertainty conditions: What environmental parameters for uncertainty are most important for a given area of interest? 

All of these issues must be defined and presented in a reasonable format for the sonar operator. 

Before formulating specific initiatives, the group suggested the following bounds for the uncertainty problem under consideration:

· spatial and temporal scales: less than or equal to 10’s of km, as set by the tactics, and less than hours (to the extent possible),
· sonar system: passive and active,
· environment: downward refracting sound speed profiles (typically, summertime) in the littoral (shallow to intermediate water depth)

Based on these discussions, the group formulated the following two research initiatives for ONR’s consideration:

1. Develop optimal environmental characterization strategies (from the multi-disciplinary point of view including bottom geology/geophysics, physical oceanography, acoustic propagation, signal processing, fleet sonar system analysis) and interpretive tools to ultimately reduce uncertainty in sonar system performance. This would entail consistent, coordinated and linked models/measurements of the dominant physical processes that control the spatial and temporal variability in the littoral environment. Methods to directly interprete acoustic sensor performance should be developed as well as interpretive tools and visualization schemes that relate critical phenomenology to sonar performance.

2. Develop models that explicity capture variability and uncertainty on multiple spatial/temporal scales, then transfer the uncertainty across the multiple disciplines and ultimately provide interpretation of the uncertainty at the sonar system level. The uncertainty as it propagates through and across the multi-disciplines must be robust to mismatches that evolve across disciplines. The models should identify and characterize boundaries and linkages between stochastic and deterministic models, including characterizing the complex covariance structure in intrinsically heterogeneous environments. 

The following approaches were suggested to accomplish the research initiatives discussed above:

· Identify, characterize and prioritize all sources of variability and uncertainty.
· Determine the sensitivity of specific sonar systems to sources of variability.
· Convey environmental characterization and system uncertainty via:
· Maps (spatial/ temporal) and visualization

· Rules-of-thumb, and

· Effective sampling strategies.

· Provide sonar system sampling strategies and feedback to the TDA 
· Extrapolate understanding of key environmental features and scales to other area of interest.

· Develop models that embed uncertainty at onset (e.g. statistics, length and time scales, amplitudes and roughness).

· Conduct sensitivity studies of multiple scale environmental uncertainties and their propagation within and across the disciplines. 

In summary, the discussions were interesting, exciting and informative. As workshop leader, facilitating the general discussion was easy since the experts were more than willing to speak their thoughts and opinions.
