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Objective

Our objective is to provide 1) forecasting and early warning, and 2)
an extensible data analytics platform for biosurveillance by enabling
the use of traditional and non-traditional datasets, consisting of het-
erogeneous data types and modalities.

Introduction

ORBIT is implemented as a distributed analytic platform consisting
of a software stack atop of Hadoop and makes use of Titan, a distrib-
uted graph database as a backend for data storage. Data from each
of the traditional and non-traditional sources are hosted as a massive
linked structure, with extensible interfaces for each stream. The data
from the linked structure is interfaced with streaming and graph-data
analytic modules. The outputs from the analytic modules are inter-
faced with visualization tools that enable analysts to detect spatial and
temporal patterns/correlations across multiple data sources.

Methods

The ORBIT data collection interface incorporates a collection of
tools to handle multiple diverse/disparate, potentially high volume
data streams including: (a) social media sites such as Twitter; (b) cli-
matological data; (c) traditional structured data records of emergency
room visits and prescription sales that include data regarding physi-
cian issued prescriptions for patients, and (d) extensions to accom-
modate other non-traditional multimedia data such as images from
Instagram. Further, the collection interface can interact with existing
reporting tools for biosurveillance and, with minimal extensions, it is
possible to integrate data from other data streams. A secondary aspect
of the data collection interface is the ability to stream the data to the
Titan distributed graph database [1] to enable efficient storage and
retrieval of large-scale datasets.

The core of ORBIT’s analytic components consists of a powerful
NLP (natural language processing) toolkit that can effectively build
a statistically relevant vocabulary or bag-of-words model to process
text-related data-streams such as Twitter [2]. The NLP tools build sta-
tistically principled models of disease associated terms from existing
ontologies, PubMed literature and other textual data-sources.

Once the data-streams are filtered using NLP, we used higher-or-
der statistical tools to track/tag events of interest using multi-scale
temporal windows that can be specified by the analyst/end-user [3].
Statistical feature-sets extracted from the filtered data allow one to
quickly identify a baseline and tag events as outliers from these base-
lines. In order to track correlations across multiple data-streams and
make predictions, we include several linear, non-linear and hybrid
statistical inference tools that achieve good performance in terms of
an applied loss function within ORBIT [4].

The analysis modules closely interface with the visual front-end,
which consists of a front-end that allows the analysts (or end-users)
to interact with and provide feedback to the data analytics compo-
nents in the toolkit. The front-end allows the end-user to: visualize
data-streams, identify and tag potentially interesting leads (from
different data sources), and visualize anomalous behaviors and spa-
tio-temporal correlations across multiple data-streams.

Conclusions

We have described ORBIT, which emphasizes our novel statistical
and machine learning tools to analyze potentially large datasets and
provide a visual analytics front-end for biosurveillance related tasks.
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