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The objective of this research is to investigate and implement a software architecture to improve productivity in the development of rapidly deployable, robust, real-time situational awareness and response (R3SAR) applications. The approach is based on a modular cross-layered architecture that combines a data-centric descriptive programming model with an overlay-based communication model. Together, a data-centric programming model and an overlay-based communication model will promote a robust implementation that can take advantage of heterogeneous resources while satisfying quality of service requirements. By improving the economics of deploying sensor and response systems, this research will benefit society in several ways.  In particular, it will facilitate the upgrading and re-deployment of systems during an emergency to cope with unanticipated issues. The productivity gains in deploying sensors and mobile devices will benefit other domains, such as scientific field research using sensor networks. 
Applications such emergency response (in the face of both natural and human disasters), are distinguished by the need to be rapidly deployable, to maintain robustness under potential disruptions in the network, and to provide real-time communication guarantees.  The system, R3SAS, is intended for a domain in which sources are capable of constantly streaming data and that users require frequent and timely updates from critical data sources such as field sensors, remote sensors (optical and radar), and simulation-driven forecasts.  Although such a strategy may lower the overall lifetime of the network, we postulate that data richness and timeliness are more important than extremely long operational periods.  We further postulate that that data (sensor) values are associated with a geospatial extant (e.g. locations, boundaries).  Finally, we postulate that the strict timeliness constraints dominate completeness; receiving data long after the consequences of an event have occurred may be useless and even dangerous.
Given these assumptions,  the R3SAR project is currently exploring a model that provides programming abstractions similar to the MapReduce model coupled with user-defined goals and constraints.  The properties of classes include desired sampling/update rates, delivery latencies, and useful lifetimes.  The user then defines (selects) alist of predicated filter functions (map and reduce operators) that can be applied to data streams .  An initial prefix of the list of filters describes the “normal” data manipulation and flow through the system.  To maintain levels of service,  additional filters are applied to the data streams to relax the service goals while continuing to satisfy the constraints. For example, to deal with a degradation of network quality, the system may first apply a user-defined rule that decreases sampling frequency.  If this is insufficient, the system may apply a rule that introduces lossy compression.
We present some of the implementation challenges associated with our approach. For example, the system must monitor the devices and network to determine when and where to apply the filters. In addition, the filters may be combined in multiple ways with various tradeoffs. A centralized control approach may provide the most consistent behavior while a fully distributed implementation  may provide lower overhead at the expense of consistent behavior.  This approach is not limited to typical wireless sensor networks; our programming abstractions also accommodate data from remote sensors (e.g. images, satellites) and mobile devices.
