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Objective
This paper describes the architecture and implementation of INDICATOR, a cyberenvironment for disease surveillance.
Background
Biosurveillance entails numerous tasks, including data acquisition and preparation, analysis, and reporting.  These tasks can be modeled and executed as a workflow.  Workflows encapsulate data, tools, and metadata.
Cyberenvironments (CEs) provide integrated, user-friendly sets of tools and services to marshal resources and help researchers analyze, visualize, and model their data. CyberIntegrator1 is an Eclipse-based CE that supports interactive workflow creation, connection to data and event streams, and reuse of workflows and fragments. It uses Tupelo, an RDF management system, to support provenance tracking.
INDICATOR leverages CyberIntegrator to acquire, analyze, and visualize local public health data.

Methods
INDICATOR currently receives data related to patient advisory nurse (PAN) calls, emergency room (ER) visits, and school absences via email, which it parses, stores, and analyzes.  It uses WSARE2 to analyze the data for anomalies.  We also integrated some alternative surveillance algorithms developed with R, an open source statistical package, into the system.  INDICATOR has a Liferay-based web interface with portlets that display data, custom graphs, and analysis results.
We refactored INDICATOR to use CyberIntegrator’s workflow, data management, and provenance tracking capabilities.  This allows users to design their own workflows for biosurveillance.  CyberIntegrator can run native executables and Java code, so it is able to support a variety of analysis algorithms, e.g., SATSCAN, or OpenRODS implementations.  (Fig 1)
Results
INDICATOR has been online for over a year with PAN data and has generated alerts with the WSARE algorithm that have corresponded to local public health events.  We have more recently added ER and school absence data, and the WSARE algorithm has also successfully flagged anomalies in data related to ER diagnoses. We have also used surveillance packages implemented in R3 to analyze the PAN data


Figure 1  Overview of INDICATOR architecture

Conclusions
Redesigning INDICATOR has improved its power and flexibility. The user-defined workflows allow users to define their own data sources and methods of analysis, specify reporting options, and view output online. 
We are planning to add data  mining functionality to INDICATOR in the future to allow users to explore relationships between sets of data. For example, we are starting to examine the correlation between climate data weather information may be correlated withand the levels of certain complaints or and diagnoses.
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