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Operational Issue Mine detection and classification is a “high priority” issue in current Navy tactical planning because it represents a mission we do not currently perform well.  Mines are an especially significant threat to our ability to operate in littoral waters because 





our acoustic detection systems do not function well in these environments due to the inherent physical factors of shallow waters, and their effects on acoustic propagation


the signals returned are confused by the profusion of artificial, but irrelevant, objects present in such settings. 





An additional complication associated with the modern mine threat is the ability of manufacturers and hostile forces to disguise mines as more benign, naturally-occurring objects, making them more difficult to correctly identify.





Background Many scientific and engineering activities are currently underway to improve U.S. capabilities to detect and classify mines in littoral waters.  These efforts fall into only three basic areas:





sensor design and placement [e.g., 1]


signal processing and classification algorithms [e.g., 2,3]


the user interface





It is debatable how effective further work on acoustic (or other) sensors can be.  Active sensing is central to mine detection in littoral settings; it is the quality of the signals available for processing and not their volume that drives detection performance.  





While developments in signal processing algorithms may yield further improvements to system performance, intense efforts in this area have shown progressively smaller increments over time, especially in view of the large base of support afforded to such efforts.  





Far fewer resources have been invested in approaches to information presentation, however, i.e., to the user interface.  This is unfortunate, as support of the best signal processor of –the entire system operator – may hold the greatest potential for significant improvements to mine detection and classification performance [e.g., 4,5]. Human capabilities for detecting minute changes in signal intensity (via one or several sensory modes) and for detecting pattern information from even poor signals have seldom been equaled by artificial systems.





Innovative methods for improving mine detection and classification in littoral waters would provide naval forces with important new operating capabilities, and reduce the current costs in manpower and system support currently dedicated to this mission.  Two difficulties, however, have limited earlier success toward this goal:





while the greatest opportunities for optimizing human performance lie in exploiting all sensory channels, relatively little is known about multi-sensory displays.  Multi-sensory "visualization" typically refers to perception by a single, albeit non-traditional, sensory mode (e.g., auditory or tactile displays; 6, 7).  Much less work exists, however, in the theory, development, or testing protocols for multi-sensory displays [e.g., 8].


the lack of multi-sensory guidance has placed a bigger burden on empirical approaches, i.e., prototype display implementations with design evolution based on user testing [e.g., 9].  Such approaches can be time consuming, costly, and inefficient, which may account for the lack of operational multi-sensory display systems.





Proposed Effort 





A novel approach to the exploitation of the human component of the signal-processing system is proposed which draws on recent advances in related problems (landmine detection), improved prototyping tools, and a more aggressive attitude toward human sensory and cognitive potential.





Multi-sensory displays have resulted in significantly improved performance in a landmine detection mission. Tests, performed under U.S. Army sponsorship, have demonstrated quantitative increases in both detection and identification of landmines using existing detection systems augmented with tactile feedback displays [David Warner, MindTel, Inc., personal communication].  Many of the lessons learned from this effort have now been incorporated into a prototyping software package that provides quick, graphical design and implementation of novel display approaches [10].  The software – NeatTools – is available on the Internet and can be downloaded without charge for individual development needs. While not an essential component of the NeatTools system, specialized interface equipment has been manufactured to operate efficiently with NeatTools drivers [11], providing additional flexibility for interface prototyping. Both the prototyping products and the testing approaches have grown out of work in support of disabled persons (i.e., those suffering from visual or auditory deficits).  Such research [12] has developed methods to present information in multi-sensory patterns and to identify those patterns that provide the most ready performance enhancements.





The effort to design, test, and benchmark new visualization concepts for littoral mine detection would exploit these new technologies to quickly identify the most promising approaches for improved performance.  Specifically, factorial combinations of visual, auditory, and tactile displays may realize improved performance as the human operator simultaneously correlates stimuli that, independently, might not exceed an operator's detection threshold.  Finding the best combinations of display factors is inherently an empirical task, as the sensory integration process typically takes place without conscious effort [e.g., 13]. 





The project would rely on the enhancement of distinguishing characteristics of target objects, using existing side-scan sonar data sets available at SSC-San Diego. The objective is to “impedance match” the operator’s sensory and cognitive capabilities with the output of selected sonar data, to optimize correct detection of genuine mine signals.  The use of known data sets permits the generation of “ground truth” (i.e., known target locations) against which to judge the success of these interface concepts. 





The outcome of this effort will be demonstrated in a series of benchmark tests comparing both of these approaches to the detection performance of current mine detection methods (e.g., manual observation of conventional displays and automatic detection systems).   





Current/Alternative Program While several programs are in place to improve other components of the mine countermeasures mission [e.g., 1,2,3], none appear to take the approach advocated here.  





Schedule TBD
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