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Expertise:
• Data visualization

• Spatial databases

• Aggregation of heterogeneous databases

• Database design methodologies
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• GIS

• Location Data
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TerraFly
GIS Solutions Based On Geo-Spatial Research 

Technology
• Internet geo-visualization & spatial cloud-computing platform and 

service

• Data integration, amelioration, geo-referencing
• Advanced geo-spatial computing engine
• Open architecture, API provided
• 40 TB database of aerial imagery and spatial data
• Rich datasets, user-friendly geo-queries
• Customizable to domain requirements
• NASA, NSF, IBM and USGS funded technology



Web‐BasedWebWeb‐‐BasedBased

Open Architecture APIOpen Architecture APIOpen Architecture API

Geo‐Spatial Mapping  SolutionGeoGeo‐‐Spatial Mapping  SolutionSpatial Mapping  Solution



Map ToolsMap ToolsMap Tools

Data LayersData LayersData Layers

Overview Area MapOverview Area MapOverview Area Map



Address  LocatorAddress  LocatorAddress  Locator

Local InformationLocal InformationLocal Information

PreviewPreviewPreview



Demographic DataDemographic DataDemographic Data

Nationwide Layers:  US Census,  Businesses, Schools, Travel,  Transportation, 
Facilities,  Healthcare, Property lines and ownership, Environment and much 
more

Nationwide Layers:  US Census,  Businesses, Schools, Travel,  Transportation, 
Facilities,  Healthcare, Property lines and ownership, Environment and much 
more
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Time Series: Miami Construction



Multimedia Auto Pilot



PathPathPath

Action DetailsAction DetailsAction Details

Animation ControlsAnimation ControlsAnimation Controls

Auto Pilot Designer



Your System Your System 
Your DataYour Data

TerraFly TerraFly 
systemsystem

TerraFly TerraFly 
IntegrationIntegration Solution Solution 



Solutions



CustomersCustomers & Partnerships& Partnerships



Operational and Analytical Health 
Informatics

Geospatial Analytics System for
Targeted Vaccine Distribution
Disease Management
Disease Surveillance
Vaccine Evaluation and Follow-up 
Economic,  Infrastructure, and other Keystones 

affecting Health 



Dengue Fever and 
Dengue Hemorrhagic Fever

Dengue Fever and 
Dengue Hemorrhagic Fever

A mosquito-borne viral infection (vector disease) 
2.5 billion  at risk (> 40% of World population)
50–100M infections/year
In the Americas: 
♦ > 1.6 million cases in 2010,  49,000 severe cases
♦ All four serotypes of DENV: DEN-1, DEN-2, DEN-3, and DEN-4

Leading cause of death among children in Asia.
There is No Cure. 

Source: WHO 







Dengue in Brazil 2011 and early 2012 
(Brazilian Ministry of Health)

♦ 286,011 cases of Dengue in Brazil 
from January to April 2012

♦ Though there is an overall 
decrease nationwide, some 
federal units have had an increase 
in dengue



























TerraFly and LocationWorld 
Partnership



TerraFly/LocationWorld Mobile 
Data Collection



TerraFly/LocationWorld  Personal 
Location/Human Logistics



TerraFly/LocationWorld Mobile 
Data Collection

An executive creates a survey or form App
Automatically sync the  App with mobile phones 
Gather field data
Easy data entry on site
Automatic geo-referencing using cellphone GPS 
and/or triangulation (in LatAm)
Photograph entry
Voice/transcription text
Generate reports, analysis tools  
Rapid solutions and health interventions



STEM Website: http://www.eclipse.org/stem/

STEM Wiki (Documentation): http://wiki.eclipse.org/index.php/STEM

STEM on Wikipedia: http://en.wikipedia.org/wiki/Spatiotemporal_Epidemiological_Modeler

YouTube: http://www.youtube.com/watch?v=LfiibQX4IFE   

This IBM technology and support are being made available to the NSF 
Industry/University Cooperative Research Center for Advanced Knowledge 
Enablement   (I/UCRC‐CAKE) at FIU for the purpose of collaborative work with 
IBM on analysis and mitigation of epidemics and other diseases in USAid‐
assisted countries

STEM: a Framework for STEM: a Framework for 
Spatiotemporal ModelingSpatiotemporal Modeling
The Spatiotemporal Epidemiological The Spatiotemporal Epidemiological 
Modeler: A Framework for Modeler: A Framework for Predictive 
Modeling



STEM: The Spatiotemporal Epidemiological 
Modeler

A Framework for Predictive Modeling



Modeling disease, food production, etc. requires information about 
humans, infectious diseases, livestock, wild animal and insect vectors, 
and food. 

Why do we need a framework?Why do we need a framework?



• Eclipse Equinox is a Reference Implementation of OSGi in Java
• All STEM components can be dynamically loaded as separate bundles or plug-ins

Viewers are Plug-ins
Map view
Google Earth
Google Maps
NASA World Wind
TerraFly

Disease Models are Plug-ins
Population Models are Plug-ins
Datasets are Plug-ins

• Each plug-in can be independently developed, 
deployed, and used with declarative software extension points 

• Users can
•create their own scenarios for a country or region
•Collaborate, exchange, models and scenarios
•Easily combine, manage, and partition plug-ins across security domains
•Build on existing models and create new ones, making STEM extensible, flexible, and re-usable

STEM STEM uses an uses an Industry Standard Framework Industry Standard Framework 
for for ““Component SoftwareComponent Software”” (OSGi)(OSGi)



STEM treats the World as a STEM treats the World as a 
““GraphGraph””
Any problem that can be described as a graph can be Any problem that can be described as a graph can be 
studied with STEMstudied with STEM
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SEIR

SEIR

SEIR
AL GA

FL

• Graph Framework makes it easy to build one model on top of another

• Existing plugins define geography, transportation systems, populations, land area, etc.,  for the planet (244 
countries and dependent areas)



Epidemiological Compartment ModelsEpidemiological Compartment Models

S E I R

Births

Deaths

S I R

Births

Deaths

Standard SEIR model Standard SIR model

S: susceptible
E: exposed but not yet infectious
I:  infectious
R: recovered

STEM is a STEM is a FrameworkFramework
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STEM supports global simulationSTEM supports global simulation
Global population data by admin region validated against LandScan 
2007™
High Resolution Global Population Data Set 

© UT-Battelle, LLC, operator of Oak Ridge National Laboratory



Global Air Travel ModelGlobal Air Travel Model
Calibrated with data from FAA
100% U.S Commercial Airports
~80% WW airports

Lessler J, Kaufman JH, Ford DA, Douglas JV. (2009) 
"The cost of simplifying air travel when modeling disease spread," PLoS ONE 4(2): e4403. doi: 10.1371 



Ability to Run Lattice Graphs
Ability to Import Custom Graphs (Pajek)
Support for Zoonotic Disease (Multiple Populations)

Malaria
Dengue

Custom GraphsCustom Graphs

– Yellow Fever

– etc.



Modeling InterventionsModeling Interventions:
& Evaluation of Public Health Policies Masks

No Air travel

Vaccinate

?

HCN/HL7

Weather

Air Traffic

STEM includes a framework of
•Predicates
•Modifiers
•Triggers

Masks/No Air



Vector Disease ModelsVector Disease Models
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MacDonald-Ross Malaria Model integrated on a Global Anopheles VCAP model
Sensitivity of Malaria to Fluctuations in climate variables (Epidemics 2011)

Malaria Response to Precipitation and Temperature

Predicted and observed global Malaria Incidence by year



Dengue Fever and 
Dengue Hemorrhagic Fever

Dengue Fever and 
Dengue Hemorrhagic Fever

A mosquito-borne viral infection (vector disease) 
2.5 billion  at risk (> 40% of World population)
50–100M infections/year
In the Americas: 
♦ > 1.6 million cases in 2010,  49,000 severe cases
♦ All four serotypes of DENV: DEN-1, DEN-2, DEN-3, and DEN-4

Leading cause of death among children in Asia.
There is No Cure. 

Source: WHO 



QuasiQuasi--periodic Dengue Outbreaks in Thailandperiodic Dengue Outbreaks in Thailand
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derived from: Nisalak, A., et al., 2003. Serotype-specific dengue virus circulation and dengue disease in Bangkok, Thailand from 1973 to 1999. 
American Journal of Tropical Medicine and Hygiene 68, 191-202.
Population growth rate ~ 2.6%/year

T = 3T = 3‐‐>4 years>4 years



Antibody Dependent Enhancement Antibody Dependent Enhancement 
(ADE)(ADE)

Antibodies are usually a good thing.

ADE  => non-neutralizing antiviral antibodies lead to 
enhanced viremia
enhanced entry into host cells
increased infectivity
in the host cells. 

Increases risk of 
Dengue shock syndrome
Dengue hemorrhagic fever 
Death

Has reached Florida
ADE is important in determining 
the dynamics of Dengue, Ebola, and AIDS
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Kun Hu, Post-doc Researcher @ Heath Care



HumanHuman
HostHost

CI

Full Dengue Host/Vector Model requires 51 Full Dengue Host/Vector Model requires 51 
CompartmentsCompartments



Sv

Ev4

Ev3

Ev2

Ev1

Iv4

Iv3

Iv2

Iv1

Time delay - Larva 

Vector
Population

Vector Population Compartment Vector Population Compartment 
ModelModel



Explaining the observed 3Explaining the observed 3‐‐4 year quasi4 year quasi‐‐periodic periodic 
outbreaks in Thailandoutbreaks in Thailand

period

Hopf BifurcationHopf Bifurcation

Each image (map of phase space) required 10,000 simulations of 9000 years each
Antibody Dependent Enhancement (ADE) vs Cross Immunity

3->4 years



A realistic period for dengue outbreaks (3-4 
years) occurs only at high levels of ADE (>2)

The observed Dengue Fever Dynamics 
requires a combination of: 
Antibody Dependent Enhancement (ADE)     
and
Cross Immunity (CI)
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STEM on ServerSTEM on Server
Massive and Global Scale SimulationMassive and Global Scale Simulation
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GEOSPATIAL DATA GEOSPATIAL DATA 
Application Examples Application Examples 



Embedded TerraFly Maps



Hydrology Application

Stations Surrounding 
The Selected Lake

Start and End  Dates, 
Interval

Click to show graphics

Time Series 
Animation 
Player

Keywords Search

Stations Are 
Selectable

Layer Control

Average of Surrounding Stations' Mean Daily Level for Selected WAverage of Surrounding Stations' Mean Daily Level for Selected Water Bodyater Body

Selectable Lakes
Date and Value

Enter  Starting 
Address or 
Coordinates 



Geo-spatial-temporal Plots

Stations are selectable



Trip Begins

Point of Interest

High Resolution 
Images Can Be 

Viewed

The Trip Continues…

Ecology



Public Gatherings
Vancouver Olympic Venues



Education
Geographic Query by Example



Crime and Incidents



Cadastre



White Pages



Rooftop Geocoding

Nationwide cadastre database is hashed

• Step 1:  Geocoding by street segment    
interpolation

• Step 2:  Find the actual parcel nearby via 
hash lookup in the zip code



Spatial Keyword Search

Textual, Structured, and 
Spatial attributes

• Optimization of spatial queries with constraints on text and numeric 
attributes

• Example: “find the closest houses to my current location with pool 
or beach access”.

• Leveraging R-trees and Inverted Files.  SSDBM 2010: “Efficient and 
Scalable Method for Processing Top-k Spatial Boolean Queries”.



Parallel Spatial-Similarity Joins
Combination of Spatial and Non-spatial 
attributes
Applications: 
data cleansing
record linkage
duplication detection
improved geocoding



Quantifying Disaster Impact on Property 
Values

Example: Deep Water Horizon oil spill

• Property price effects on Escambia County 
(left) and Escambia coastal area (above)

• Analyzed Interval:  July’09 – October’10



Analyze VC value change rates between intervals of time around the 
disaster occurrence: 
Fix start interval Is, compute change rates over the next p intervals 
(columns) for a set of c virtual communities (rows).

•Apply Singular Value Decomposition 
(SVD) on A to find a clustering of VCs. 
•A cluster contains VCs with similar 
temporal change rates.

Virtual Community (VC) Value Change 
Rate



Study: Hurricanes in Miami-Dade 
County

Hurricane Andrew (August 1992)
Interval: May’92 – Dec’93

Hurricane Wilma (October 2005)
Interval: May’05 – Dec’06



311 Emergency Event 311 Emergency Event 
Assessment by Merging Hotline Assessment by Merging Hotline 
messages with Data Streams messages with Data Streams 



Objective



311 Incident Analytics: Heterogeneous Spatial-
temporal/Real-time Data Stream Mashup



311 Prototype: Record drilldown



Emergency Detection and Localization 
Using Spatial-Similarity Joins

IInput: social media, text messages, transcripts of 
emergency calls

Data extraction: words that may describe location 

Spatial Similarity Fuzzy Join with geolocated 
datasets: Nationwide cadastre, Geonames, Yellow 
pages, White pages →possible/probable locations

Clustering of results: if many communications 
probably refer to the same location, there may be a 
situation developed there



FL Gulf Coast Time Series 

2004‐03‐0120042004‐‐0303‐‐0101 2010‐05‐1720102010‐‐0505‐‐1717 2010‐06‐0820102010‐‐0606‐‐0808



2010‐04‐0420102010‐‐0404‐‐0404 2011‐03‐1220112011‐‐0303‐‐1212 2011‐03‐1920112011‐‐0303‐‐1919

The 2011 Tsunami 



ProfiledProfiled



Intelligent Management of Diseases Intelligent Management of Diseases 
Integrated Vector Management
Vaccine Distribution & Management
Cross-analysis 
Patient Location
Health Providers
Demographics 
Infrastructure and Keystones
Economic Factors
Outbreak modeling (STEM)
Field surveys, campaigns (LW)
Health Promotion and Training (ACISTED)
High-throughput R&D



Customers & PartnershipsCustomers & Partnerships


