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Executive Summary

A. Overview

The Visual Analytics for Command, Control, and Interoperability Environments Center
(VACCINE) was established on July 1, 2009 to co-lead, with Rutgers University, the
Department of Homeland Security’s (DHS) Center of Excellence in Command, Control and
Interoperability. VACCINE’s mission is dedicated to creating methods and tools to analyze
and manage vast amounts of information for all mission areas of homeland security.
VACCINE accomplishes its mission through an integrated program of research, education
and outreach, spanning the disciplines of visualization and computer graphics, engineering,
computer science, geographic information systems, cognitive psychology, information
technology, and emergency management and public safety. VACCINE is an international
center with overall management and the lead research component handled by Purdue
University and the education lead directed by the Georgia Institute of Technology. The
original VACCINE team consisted of 16 schools. Since July 1, 2009, the Justice Institute of
British Columbia, Navajo Technical College, and Swansea University have been
incorporated into the program. The VACCINE team is currently comprised of the following
19 universities with the associated Principal Investigator at each school:

University PI
Purdue University Dr. David Ebert
Georgia Institute of Technology Dr. John Stasko
Pennsylvania State University Dr. Alan MacEachren
Stanford University Dr. Pat Hanrahan
University of North Carolina at Charlotte Dr. William Ribarsky
University of Washington Dr. Mark Haselkorn
Florida International University Dr. Shu-Ching Chen
Indiana University Dr. Maureen Biggers
Jackson State University Dr. Loretta Moore
North Carolina A & T State University Dr. Gerry Dozier
University of Texas at Austin Dr. Kelly Gaither
Virginia Tech Dr. Chris Barrett
University of Houston, Downtown Dr. Richard Alo
Simon Fraser University, CA Dr. Brian Fisher
University of British Columbia, CA Dr. John Dill
University of Stuttgart, Germany Dr. Tom Ertl
Justice Institute of British Columbia, CA Mr. Jack McGee
Navajo Technical College Prof. Mark Trebian
Swansea University, Wales Dr. Min Chen

Figure 1



VACCINE is strategically positioned to support the Department of Homeland Security in
confronting the challenges of safeguarding our nation in preventing, responding to, and
recovering from events in applications including criminal investigation, health surveillance,
fraud detection, emergency response, natural disasters, and border and infrastructure
security. VACCINE focuses on the research, development, and deployment of interactive
visual analytic environments for communicating and disseminating information and deriving
insight from the massive homeland security data deluge. VACCINE is developing tools to
help homeland security personnel, responders, and decision makers make sense of the sea of
text, sensor, audio, and video data by developing powerful analytical tools and interactive
visual decision making environments that enable quick, effective decisions as well as
effective action and response based on available resources. VACCINE integrates data and
analysis into interactive visual displays to enable users to make discoveries, decisions, and
plan action. Applications include public health, animal health, public safety and emergency
response. Turning massive data into actionable knowledge through visual analytic techniques
is vital to the mission of the Command, Control, and Interoperability (CCI) Division of The
Department of Homeland Security, as well as all of the mission areas of DHS.

VACCINE is addressing the following four of the five homeland security missions outlined
in the Quadrennial Homeland Security Review:

Mission 1: Preventing Terrorism and Enhancing Security
Mission 2: Securing and Managing Our Borders

Mission 3: Safeguarding and Securing Cyberspace Mission
Mission 4: Ensuring Resiliency to Disasters

B. Global Accomplishments
Since the VACCINE Center officially began on July 1, 2009, these accomplishments
reflect a nine month period of performance. Nevertheless, the VACCINE team worked
diligently to create a robust portfolio of research and academic projects as well as make
significant progress in our outreach activities. Highlights of our team’s efforts include the
data in Figure 3 as well as these activities:

e VACCINE reviewed and advised the Meadowlands Stadium Authority (NFL Giants
& Jets) on security, networking, communications interoperability, and video
surveillance plans for the new Meadowlands stadium.

e VACCINE formed a multi-agency public safety consortium in Indiana to develop
tools for crime analysis, law enforcement planning, and decision making. We have
embedded a graduate student within the law enforcement community to work directly
with these agencies to understand their requirements.

e VACCINE has been working to create a unique corporate affiliate program in the
form of a non-profit Limited Liability Corporation. Membership will be by invitation



only. Corporations will be complementary rather than competitive. Several
companies are already in line to become founding members.

We have formed a partnership with the Harrisburg, PA, Police Department to develop
an extensible web-based map application that supports exploration of and
sensemaking about criminal activity in space and time.

VACCINE developed an interactive pandemic preparedness, surveillance, and
training tool for the Indiana State Department of Health and adapted this tool for use
by the State of Washington, New Jersey, and New York. This has been used for all
health districts in Indiana and at least two county exercises in the state of
Washington.

VACCINE and CCICADA have been collaboratively working on four research
projects and four education projects. This equates to 36% of the total VACCINE
portfolio.

We are developing law enforcement tools and evacuation planning tools for the
Charlotte Mecklenburg Police Departments.

We are developing an interactive intelligence visual analytics tool for use by law
enforcement and intelligence analysts in the Atlanta area.

The VACCINE team developed an interactive visual analytics dashboard with the
FAZD center that was used in a DNDO nuclear detection full-scale exercise in Seattle
in September 2009, working with USCG, Seattle Sector.

We developed visual analytics course modules that were used in middle school and
high schools in Indiana in 2009 and 2010.

We are working with the START Center to develop visual analytics tools for the
Global Terrorism Database and Minorities at Risk databases for the START Center.

We are developing visual analytics flooding and preparedness tools for the DHS
Natural Disasters, Coastal Infrastructure and Emergency Management Center of
Excellence at the University of North Carolina.

VACCINE has been researching novel visual analytics tools for Rift Valley Fever for
the FAZD Center, incorporating epidemiological modeling as well as economic
modeling and analysis.

We have developed a network of Hispanic Serving Institutions and Tribal Colleges
and Universities for engaging in visual analytics and network security research and
education. We are in the process of incorporating the Navajo Technical College into
VACCINE.

We have developed cybersecurity visualization and analysis tools for US CERT.



e VACCINE is developing visual analytics tools for U.S. Customs and Borders
Security to analyze their gigabytes of data.

e We have brought the Justice Institute of British Columbia on as a VACCINE School.
Planning is underway to have a Visual Analytics for Public Safety workshop in
September, 2010, in Vancouver, CA.

e VACCINE is finalizing plans for a joint United States-Germany research project to
apply visual analytics to disaster prevention and crisis response, with a focus on
critical infrastructures in logistics, transportation, food safety, digital networks and
power grids at the national levels. This project is in collaboration with several
international partners, NVAC, and NCFPD.

e We have expanded our network of universities to include three new schools: Justice
Institute of British Columbia (Vancouver, BC, Canada), Navajo Technical College
(Navajo Nation, Arizona), and Swansea University (Swansea, Wales, United
Kingdom). A map of our current members and our partners can be seen below in
Figure 2.
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Figure 2: North American VACCINE team members and partners.



VACCINE's Accomplishments
(July 1, 2009 —March 31, 2010)

Mission Driven/Supplemental Research Projects Funded 15
Education Projects Funded 8
Seed Projects Funded 4
Peer-reviewed/Refereed Journal Articles 17
Conference Publications & Presentations 28
Other Reports 31
Scholarly Journal Citations of Published Reports 6
Student Theses 4
Patents 1
Graduate Students Participating in VACCINE Programs 51
Minority Students Participating in VACCINE Programs 15
Education Conference Participation 9
Education Presentations

HS-STEM Student Theses

HS-STEM Students Enrolled 11
K-12 Student Participation 120
Public Safety/Homeland Security Coalitions Established 5
State/Local Agency Memorandums of Agreement Signed 6
Leveraged Dollars $21,557,914

Figure 3: Summary of VACCINE Accomplishments

Framework, Vison, Mission, and Strategy

The Visual Analytics for Command, Control and Interoperability Environments Centers’
overarching goal is to establish itself as the preeminent asset to the myriad homeland security
and public safety agencies who are our customers. In this context, we are developing novel
tools to help the homeland security community make sense of and support decision making
with the massive sea of text, geospatial, transaction, sensor, audio, video and all other data

sources they have to deal with on a daily basis.

A. Framework

The VACCINE framework (Figure 4) is based on two key components:

1. Three foundational research areas that form our basis for addressing the seven DHS

Command, Control and Interoperability mission directives:

Interactive Visual Analytic Foundations
Visually-Adapted Analytical Techniques
Investigative Analysis and Decision Making Environments




2. Mission-Driven Research, Education, and Seed Projects:
e Integration and participation in important homeland security projects to provide
real-world validation, testing, evaluation and a clear technology transition plan for
our overall agenda.
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Figure 4: The VACCINE Framework

These two key components provide a tightly integrated short-term and long-term plan from
theoretical foundations to validation and technology transfer to real-world DHS mission
problems. Abstracting the key elements, generic problems, and common challenges across
these projects provides focus and guarantees long-term success to our program. We are not just
deriving ad-hoc solutions to problems, but addressing the fundamental research and academic
questions, advancing the science of visual analytics, and creating a solid theoretical foundation
for both future research and applications of that research to diverse homeland security
challenges.

The Mission-Driven Research, Education, and Seed Projects are an evolving set of projects to
explore and solve targeted, developing DHS mission needs. We have an annual internal seed
project competition to foster the development of new ideas, including education-oriented and
engagement-oriented projects. Successful seed projects will transition into our research or
education portfolio and help evolve research and academic thrusts within each area as well. We
also anticipate that our project portfolio will continue to expand as we provide solutions to
other local, regional, and federal partnerships.
8



B. Vision

Using the best ideas from the top scientists, the VACCINE Center is conducting research that
will advance the science of visualization and contribute to solving societal global challenges;
educate students who are prepared to deliver; and actively engage and support our clients with
a robust technology transition program.

C. Mission
Our mission is composed of the following four components:
1. Research, develop, and deploy interactive visual analytic environments for communicating

and disseminating information and deriving insight from the massive homeland security

data deluge of our digital world.
2. Provide visual analytic and scalable solutions for all 2.3 million extended homeland

security personnel.
3. Achieve excellence in visual analytics and visualization sciences.
4. Educate homeland security stakeholders and the next generation of talent.

VACCINE Mission Foci

1.

Innovation and Science Leadership — VACCINE is dedicated to researching,
evaluating, and transitioning new methods and techniques for realtime, scalable,

interactive visual-computational analysis, exploration, planning, hypothesis testing,
management, and decision making from the data deluge faced by all homeland
security personnel. We have assembled a team of the world’s science leaders in visual
analytics, media-specific analytics, geographic information science, information
synthesis, data and knowledge management, scalable, data intensive computing,
human-computer interaction, cognitive science, usability engineering, and
communications to extend the science of visual analytics, as well as address the great
challenges of CCI within homeland security.

Transition and Engagement — A key foundation of VACCINE’s approach and success
has been the engagement of partners to provide real-world grounding, impetus,
validation, evaluation, and transition of our work. This engagement ensures the
following two vital aspects of our work:

e Cognizance of the variety of needs, issues, situations, and operational
environments to ensure relevance of our activities and remove impediments for
transition of technology, training, and education.

e C(Clear mission need, feasibility, and technology transition plan addressing needs
from the local to international level.

We have local, state, federal, and international partners in Canada, Germany, the
United Kingdom, Sweden, France, and the Netherlands. DHS funds are supporting our
partners in Canada, Germany and the United Kingdom. We have formed several

9



Public Safety Coalitions constituting of multiple agencies. We are also working with
corporate partners and national labs to transfer our technology from research
demonstrations on real-world-scale problems to hardened, commercially deployable
and viable applications.

3. Educational Innovation, Leadership, and Outreach — VACCINE is tasked and prepared
to educate the next generation of homeland security professionals to harness the power
of visual analytics and advanced computational tools to enable them to make effective
decisions from the mass of multisource, multimedia data they will face in their careers.
We are developing innovative educational techniques for visual analytics and decision
making. We will continue to create the leading international repository and resource
for visual analytics educational and training material, as well as practical lessons-
learned/best practices CCI material. We are developing PK-12, undergraduate, and
graduate visualization and analytic homeland security educational material and
programs. We are leading technical education for visualization sciences integrated into
the MSI network. Finally, we are working to develop and provide professional training
and educational development materials and opportunities for homeland security
professionals ranging from local emergency responders to state and federal officials.

Defining Characteristics
VACCINE is unique in its mission, research and approach to advancing the field of visual
analytic and providing tools to solve important, world-scale problems. VACCINE is:

Committed to our students and support their learning, both inside and outside the
classroom.

Focused on research that finds solutions to complex problems and provides insight into
important societal issues.

Engaged with our customers, both listening to their needs and anticipating and responding
to emerging opportunities and challenges.

Engaged in pursuing partnerships with a collaborative spirit and an understanding of
where we have a distinct capacity to contribute.

Dedicated to diversity, inclusiveness, and a global perspective.

Dedicated to the highest standards of integrity, honesty, respect, shared responsibility,
transparency, and mutual accountability.

D. Strategy

We have developed a center-wide strategy for success with measureable initiatives that is
composed of components for each of our mission areas: research, management, education, and
outreach.

Strategic Goal One - Research

10



VACCINE will serve society through creativity, expanded research, and state-of-the-art
Innovations.

Initiatives

L.

II.

Create an innovative and effective research environment—frameworks, methods, and
software—that advances the start-of-the-art in Visual Analytics. This will be
accomplished through a careful balance of effort across our basic research and applied
research agendas.

Actions

1)

2)

3)

4)

5)

6)

We will address the seven basic mission directives of the CCI Directorate by
focusing on three foundational research pillars of visual analytics:

= Interactive Visual Analysis and Decision Making Environments

= Visually-Adapted Analytical Techniques

= Information Integration and Management

We will apply a translational approach to our research methodology. In this
manner, knowledge generated through scientific studies will mapped back onto
the applications and evaluated in the field where it can impact the customer.

We will address our customers’ needs through Mission-Driven Research Projects
(MDRPs). The MDRPs will be an evolving set of projects to explore and solve
targeted, developing DHS mission needs.

We will establish working advisory groups in “topic” communities (i.e., fire, law
enforcement, emergency management) to enhance visibility and to secure valued
counsel. These groups will provide real-world validation, testing, evaluation and a
clear technology transition plan for our research agenda.

We will have an internal seed project competition to foster the development of
new MDRPs, including education-oriented and engagement-oriented MDRPs.
Successful seed projects will transition into our MDRP portfolio and evolve
research thrusts within each area as well.

We will provide intellectual leadership for the field, publishing high-quality
research in peer-reviewed conferences and journals, and speaking at research-
focused international conferences, programs, and workshops.

Increase annual research expenditures on a consistent basis.

1)

Actions

We will form strategic cross-cutting partnerships at the macro-scale including
multi-disciplinary, multi-campus, DHS Centers of Excellence, international
universities, and government and industry partners that will leverage existing
funds and bring in new funding for high value research projects.

11



2) We will continuously surveil for additional visual analytics funding through US
government funding sources (e.g., NSF, NIH, DARPA, DTRA, NGA), as well as
corporate and international funding opportunities.

3) We will develop and promote an annual internal seed grant program for
collaborative research that will bring on board new, high-impact faculty into the
VACCINE team and offer significant potential for breakthrough science.

4) We will develop and nurture a corporate affiliate program where members can
collaborate with VACCINE faculty and students through contractual
arrangements or gifts.

Strategic Goal Two — Education

VACCINE will expand the pipeline of people with knowledge of the visualization sciences.
Soecial emphasis will be placed on creating more opportunities for students to learn about
visualization.

Initiatives

I.  Expand learning opportunities to more students, faculty, and researchers throughout all
educational programs. Programs will focus on specific areas of need, access to
educational resources, certificate programs, and mentor pathways.

Actions

1) K-12
= Develop standardized middle school modules focusing on homeland security
and visual analytic fields.
= (Create an online high school visual analytics module.
= Host summer K-12 teacher workshops that introduce visualization and
analytics topics.
2) Undergraduate
= Build on the Visual Analytics Summer Program at Purdue with recruitment of
students from the entire CCI partner school network.
= Expand undergraduate visual analytic course distribution among partner
schools.
3) Graduate
= Continue to develop the Visual Analytics Digital Library (VADL).
= Create a Visual Analytics Masters Degree Program at one of the VACCINE
partner schools.
= Continue and expand the Affinity Research Pods throughout the VACCINE
partner network.

II.  Develop interdisciplinary professional training and outreach programs with the use of the

existing educational materials and courses by adapting them so that they can be
integrated into current professional training programs.

12



I1I.

Actions

e Relationships have been cultivated with several institutions and VACCINE will
work with each group in developing appropriate materials and training for their
needs. Ultimately, the efforts with these organizations will provide the catalyst to
integrate programs into other organizations. Our current partner institutions
include the following:
= Justice Institute of British Columbia (JIBC)
= Federal Law Enforcement Training Center (FLETC)
= Public Safety Academy of Northeast Indiana

Build a strong network of MSI educational and research programs both at community
colleges and senior institutions through the MSI Cyberinfrastructure Empowerment
Coalition (MSI-CIEC).

Actions

1) Develop involvement in Affinity Research Pods to include joint mentoring and
implementation.

2) Recruit MSI students for the Visual Analytics Summer Program.

3) Involve HBCUs, Hispanic Institutions, and Tribal Connections, specifically the
following:
= Hispanic Association of Colleges and Universities
= National Association for Equal Opportunity in Higher Education (NAFEO)
= American Indian Higher Education Consortium (AIHEC)

Strategic Goal Three— Center Management and Growth

VACCINE will vigorously recruit, develop and engage a diverse set of employees and intra,
inter, and external partners to provide real-world grounding, impetus, validation, evaluation,
and transition of our work that will establish us as the recognized global leader in the
Visualization Sciences.

Initiatives

L.

II.

VACCINE will work to vigorously recruit and retain top management talent when
mission needs dictate and funding exists.

Actions

1) Our Leadership Board and Senior Advisory Boards will use their collective
networks to identify potential applicants. In addition, the DHS COE network will
be engaged as will appropriate marketing efforts.

Integration with Data Sciences co-lead. In order to have the greatest impact on the DHS
mission, VACCINE and CCICADA, co-leads for the National Center for Command

13



I1I.

IV.

Control and Interoperability, will work together to identify collaboration efforts within
the entire spectrum as part of the strategic plan. VACCINE and CCICADA will
determine opportunities that are beneficial to both centers, leverage their existing
materials and network of partner schools for program sharing and dissemination, as well
as reduce duplication of effort.

Actions

1) A continuous process will be in place where, periodically, high impact research
and/or education projects with collaborative potential will be identified and
coordination and work of these activities will commence.

Strengthen and expand collaboration with other DHS COEs.

Actions

1) All COE interactions will be centralized by the VACCINE lead. The Director will
visit several COEs each year to explore collaborative opportunities and identify
the best set of COE collaborations to engage.

Diversity and Internationalization

Actions

1) We will expand our university partnerships through the substantial involvement of
additional minority serving institutions.

2) We will expand our university partnerships to include European and US allied
universities. We will initially explore international partnerships with the
University of Konstanz and the University of Stuttgart in Germany and INRIA in
France.

Enhance Visibility for the VACCINE Agenda
Actions

1) We will vigorously promote initiatives in high-value mission areas where the
VACCINE team and international partner(s) will create a preeminent alliance.

2) We will develop and manage a marketing campaign addressing the VACCINE
team. Media will include digital, print, and audiovisual processes.

3) We will work with our CCICADA team partners to promote collaborative
research and education initiatives underway with our government partners so that

future partners can be cultivated.

4) We will develop and maintain materials (digital, print, audiovisual) to publicize
the Center and communicate its mission and efforts.

14



Strategic Goal Four — Technology Transition through Outreach

VACCINE will pursue public- and private-sector partners to enable intellectual property
commercialization so that scientific breakthroughs and innovations can be transformed into
useful technologies that can be made available to our global stakeholders.

Actions

1) We will learn about the variety of needs, issues, situations, and operational
environments to ensure relevance of our activities and remove impediments for
transition of technology, training, and education.

2) For each research project, we will identify a clear mission need, feasibility, and
technology transition plan that will appropriately address needs whether from the
local level through a continuum to the international level.

3) VACCINE will continuously develop local, state, tribal, federal and international
homeland security government partners that will allow VACCINE technologies to
be deployed in their organizations to be evaluated.

4) We will develop and work with corporate partners and national labs to transfer
our technology from research demonstrations on real-world, real-scale problems
to hardened, commercially deployable and viable applications.

[11. Management Scope

To achieve the VACCINE objectives, we have devised a management plan with a strong
organizational structure complemented by an expert leadership team. Our team has a strong
collaboration history and experience that is essential to foster internal collaboration, as well as
collaboration with DHS CCI, NVAC, other DHS CoEs, government agencies, field personnel,
and other researchers. Our Center’s management organization has three components:
management staff, a leadership board, and a senior external advisory board.

e The management staff is intentionally lean in order to maximize research and education
dollars while helping to minimize overhead. This team is responsible for overseeing the

strategy, as well as the day to day operations of VACCINE, including interfacing with
DHS, CCICADA and all external partners. The management staff consists of the
following:

e Center Director and Research Director — David Ebert

David Ebert is a Professor in the School of Electrical and Computer Engineering at
Purdue University, a University Faculty Scholar, a Fellow of the
IEEE, and Director of the Visual Analytics for Command Control

15




and Interoperability Center (VACCINE), the Visualization Science team of the
Department of Homeland Security's Command Control and Interoperability Center
of Excellence. Dr. Ebert performs research in novel visualization techniques,
visual analytics, volume rendering, information visualization, perceptually-based
visualization, illustrative visualization, mobile graphics and visualization, and
procedural abstraction of complex, massive data. Ebert has been very active in the
visualization community, teaching courses, presenting papers, co-chairing many
conference program committees, serving on the ACM SIGGRAPH Executive
Committee, serving as Editor in Chief of IEEE Transactions on Visualization and
Computer Graphics, serving as a member of the IEEE Computer Society's
Publications Board, serving on the IEEE Computer Society Board of Governors,
and successfully managing a large program of external funding to develop more
effective methods for visually communicating information.

Education Director — John Stasko

John Stasko received the B.S. degree in Mathematics at Bucknell University in
Lewisburg, Pennsylvania (1983) and Sc.M. and Ph.D. degrees in
Computer Science at Brown University in Providence, Rhode Island
(1985 and 1989). He joined the faculty here at Georgia Tech in 1989,
" * | and his primary research area is human-computer interaction. As the
“ Education Director, he oversees and directs the education strategy of
VACCINE.

Managing Director — Timothy Collins

Timothy Collins is the Managing Director of VACCINE. He oversees and
implements all operational aspects of the Center including strategy,
marketing, operations, finance, business development and human
resources. He is an accomplished professional having a 25 year
operations background in the public safety and security arena. He is a
retired Indiana State Police Officer reaching the position of Region
Commander and is a former Air Force Officer with a specialty in Command and
Control. He is a graduate of the FBI National Academy and has an MBA from
Purdue University. His business expertise includes program and project
management, business development and strategic planning.

Assistant Director of Education and Engagement — Marti Burns

Marti Burns is the Assistant Director of Education and Engagement. She is
responsible for educational initiatives ranging from K-12 programs
through undergraduate and graduate level work, to professional
training programs. She has worked with homeland security
education for the past five years, leading an interdisciplinary team of
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faculty in the development and implementation of new curriculum for master’s
level courses as well as the creation of curriculum for K-12 classrooms. In addition
to education work, Marti has developed tabletop, functional and full scale
exercises for area first responders. She received a B.S. in Industrial Engineering
from Purdue University.

Center Coordinator and Administrative Assistant — Jenny Kelly
Jenny Kelly serves as the information and communication manager for VACCINE.
Her duties include planning and scheduling meetings and
appointments; organizing and maintaining paper and electronic
' files; managing projects; conducting research; and disseminating
\ information to faculty, staff, and external partners. She managed a
large scale multi-disciplinary medical practice in Illinois before moving with her
family to Indiana. She began work as a legal assistant in a local Lafayette firm
specializing in intellectual property, business transactions, litigation, estate
planning, and employment law. In 2007, Jenny joined the Purdue Research
Foundation working in the Office of Technology Commercialization before

transferring to Purdue University.

Research Pod Coordinator — Maureen Biggers

Dr. Biggers coordinates the education and research pod partnership program.
Biggers serves as Assistant Dean for Diversity and Education in the
School of Informatics at Indiana University. She has been co-PI on
three Broadening Participation in Computing projects, including the
STARS Alliance, C-PATH diversity in curriculum, and is the Project
Manager for the Alliance for the Advancement of African-American Researchers
in Computing. She has worked in higher education administration for more than
30 years as a leader in both student and academic affairs.

Assistant Director of MSI Programs — Richard Alo
Dr. Alo oversees the integration of minority serving institutions into VACCINE
" research and education initiatives. Dr. Alo has served on
: a . several advisory and executive boards, including:
¥ ﬂ | Mathematical Association of America SUMMA Committee
. (Support  for  Undergraduate = Minority =~ Mathematics
Awareness), Association of Departments of Computer and Information Science
and Engineering at Minority Institutions (founding member), Coalition for
Diversity in Computing (Chair), National Science Board NSF GRPA Committee,
Multi Sector Crises Management Center (Board of Directors), and Houston

Independent School District (HU-LINC Board). He chaired two national
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conferences for ADMI and co-chaired the Richard Tapia Celebration of Diversity
in Computing Symposium, Houston, 2001 and the Education Committee for
Supercomputing in 2002. Dr. Alo was selected as the 2002 Educator of the Year
by the Hispanic Engineer National Achievement Awards Conference.

The VACCINE Leadership Board is responsible for the strategic decisions for the Center.
This board is comprised of three permanent members plus three PIs from our universities
on rotating two year terms, selected by the nineteen university PIs. The LB oversees the
Seed Project review panel, advises on research, education, and outreach decisions and
reviews and approves yearly Center plans.

e David Ebert (permanent)

e Timothy Collins (permanent)
e John Stasko (permanent)

e Pat Hanrahan (term)

e Kelly Gaither (term)

e Brian Fisher (term)

e Alan MacEachren (term)

The VACCINE Senior External Advisory Board provides strategic advice, information,
and recommendations to the Center on basic and applied research activities, educational
issues, and activities and operations related to visual analytics and command, control and
interoperability in the homeland security environment. This board consists of the world's
top experts in visual analytics and homeland security from the scientific, business, and
government communities. This board has had one meeting thus far. It is anticipated that a
minimum of two meetings will occur annually. Current membership includes:

e Don Brackman
President, National White Collar Crime Center

e  Chief John Buckman
Past President, International Association of Fire Chiefs

e Neville P. Clarke
Soecial Assistant to the Vice Chancellor for Agriculture and Life Sciences and the
Vice President for Research, Texas A&M University

e Dicter Fellner
Professor and Director, Technical University of Darmstadt & Fraunhofer Institute
of Computer Graphics

e William Fox
Senior Vice-President, Global Anti-Money Laundering and Economic Sanctions
Executive, Bank of America

e David Kasik
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Enterprise Visualization Architect, Boeing

Daniel Keim

Professor and Head, Information Visualization and Data Analysis Research
Group, University of Konstanz, Germany

Katherine A. Mitchell

Director STEM Initiatives, American Indian Higher Education Consortium

Mike Mitchell

Director of Homeland Security Programs, Pacific Northwest National Laboratory
Randall Murch

PhD, Associate Director, Center for Technology, Security and Policy and Adjunct
Professor, Virginia Tech

e Haesun Park

Professor, Georgia Institute of Technology

e Jim Thomas

Director Emeritus, National Visualization and Analytics Center

e Andrew Vallerand

Director, Public Security Technical Program

e Leland Wilkinson

Executive Vice President of SYSTAT Software

e Tom Wyss

Indiana Sate Senator, DHS State and Local Officials Senior Advisory Committee

for Homeland Security Advisory Council

e Tiered faculty participation. The VACCINE Center utilizes the best researchers in the

field. Our research team is comprised of the following:

Florida I nternational University

Shu-Ching Chen

Computing and Information Sciences

Georgia I ngtitute of Technology

James Foley

Telecommunications

Ashok Goel Computer Science and Cognitive Science
Carsten Gorg Interactive Computing
John Stasko Interactive Computing

I ndiana University

Maureen Biggers

Diversity and Education

Jackson State University

Jacqueline M. Jackson

Department of Computer Science

Loretta A. Moore

Department of Computer Science

Justice | nstitute of British Columbia
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Jack McGee

Public Safety

Murray Day

Emergency Management

Robert Walker

Emergency Management

Navajo Technical College

Mark Trebian

Information Technology

North Carolina A & T State University

Gerry Dozier

Department of Computer Science

Pennsylvania State University

Guoray Cai Information Science and Technology
Jin Chen Geography

Lee Giles Information Sciences and Technology
Frank Hardisty Geographic Information Systems
Seogchan Kang Plant Pathology

Alexander Klippel Geographic Information Systems
Wang-Chein Lee Computer Science and Engineering
Alan MacEachren Geography

Prasenjit Mitra

Information Sciences and Technology

Donna Peuquet

GeoVISTA Center

Padma Raghavan CyberScience
Anthony Robinson Geography
lan Turton Geography
Purdue University

Pamela M. Aaltonen Nursing

Mimi Boutin

Electrical and Computer Engineering

William Cleveland Statistics

Christopher Clifton Computer Science

Edward Delp Electrical and Computer Engineering
David Ebert Electrical and Computer Engineering
Niklas Elmqvist Electrical and Computer Engineering
Chris Foster K-12 Programs

Arif Ghafoor Electrical and Computer Engineering
Mourad Ouzzani Computer Science

Sunil Prabhakar Computer Science

Ahmed Elmagarmid Computer Science

Simon Fraser University

Richard Arias-Hernandez

Interactive Arts and Technology

Lyn Bartram

Interactive Arts and Technology

John Dill

Interactive Arts and Technology

Brian Fisher

Cognitive Science

Nathalie Prevost

Cognitive Science

Chris Shaw

Interactive Arts and Technology
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Rob Woodbury Interactive Arts and Technology

Stanford University

John Gerth Computer Graphics

Pat Hanrahan Computer Science and Electrical Engineering
Jeffrey Heer Computer Science

Swansea University

Min Chen

Computer Science

The University of British Columbia

Sidney Fels Electrical and Computer Engineering
Edward Fortuno Infectious & Immunological Diseases
Tobias Kollman Infectious & Immunological Diseases
Rodger Lea Media and Graphics Interdisciplinary Centre

Victoria L. Lemieux

Library, Archival, and Information Studies

Ronald A. Rensink

Psychology

University of Houston-Downtown

Richard Alo

Computer and Mathematical Sciences

Ali Berrached

Computer and Mathematical Sciences

Ping Chen

Computer and Mathematical Sciences

Jianchao Han

Computer Sciences

Erin M. Hodgess

Computer and Mathematical Sciences

University of North Carolina-Charlotte

Jianping Fan

Computer Science

Robert Kosara

Computer Science

William Ribarsky

Computer Science

KR Subramanian

Computer Science

William Tolone

Electrical and Computer Engineering

Jing Yang

Computer Science

University of Stuttgart

Thomas Ertl

Computer Science

Daniel Weiskopf

Computer Science

University of Texas

Kelly Gaither

Data & Information Analysis

University of Washington

Daniel Dailey

Electrical Engineering

Mark Haselkorn

Human Centered Design & Engineering

Gael Tarleton

Port of Seattle

Virginia Tech
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Christopher Barrett Computer Science

Stephen Eubank Computer Science

Edward Fox Digital Library Research Laboratory
Bruce Lawlor Technology, Security, and Public Policy
Achla Marathe Agricultural and Applied Economics
Madhav Marathe Agricultural and Applied Economics
Arun Phadke Electrical and Computer Engineering
Naren Ramakrishnan Computer Science

Jeff Reed Electrical and Computer Engineering
James S. Thorp Electrical and Computer Engineering
Anil Vullikanti Computer Science

V. Research and Development Scope

The overall goal of VACCINE Center research is to create innovative and effective integrated
data and visual analytic environments—frameworks, methods, and software—that advance the
start-of-the-art in analyzing massive, heterogeneous, incomplete, temporally evolving homeland
security data for anticipating, detecting, and responding to homeland security mission needs.
Therefore, VACCINE is developing new dynamic visual analytics techniques based on cognitive
and perceptual principles that increase the effectiveness of the entire analysis process; create
precision information environments; create an information discourse environment; and enable
visual analysis, knowledge synthesis, and extraction of insight for actionable decision making,
event detection, management, and response.

For effective visual analytics, we are tightly integrating computational processing, data
management and visual representation to efficiently present relevant information and solution
alternatives to the user and to improve both data management and statistical data modeling. To
ensure successful deployment, scalability, and usability of developed technologies, we are
integrating, evaluating, and continuously refining our work through collaborative participation in
Mission Driven Research Projects (MDRPs) ranging from emergency planning and response to
health care monitoring to intelligence analysis. All of our MDRPs have the following key
pervasive homeland security problem characteristics: massive, time evolving, heterogeneous data
of varying quality; multiple-scales of problem solving, planning, management, and action;
coordinated information analysis; information security and privacy challenges; and a wide
variety of needs, skills, and computing resources of involved personnel. Each of our Mission
Driven Research and Education Projects are reported in detail in Sections VI and VIII of this
document.

To achieve our goal of creating this visualization and analytics environment, our research plan is

based on three foundational research areas (previously discussed) that form our framework for
addressing DHS CCI’s homeland security mission directives: Interactive Visual Analytic
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Foundations, Visually-Adapted Analytical Techniques, and Investigative Analysis and Decision
Making Environments.

The involvement of end-user clients from the beginning in these research projects is critical to
ensure real-world applicability, scalability, usability, and evaluation. VACCINE acknowledges
that in order to build a “solution,” it is imperative to begin with a “problem.” That “problem”
must start with our customers. In light of this, VACCINE has an active campaign to engage the
end-user in the requirements process from the beginning. To date, we have formed five public
safety consortiums which will oversee the research and development process to guarantee the
usability and utility of our products.

Indiana Public Safety Consortium

Florida Division of Emergency Management’s Region Seven Consortium
UNCC Consortium

Charlotte Mecklenburg Police Department Consortium

Washington State Consortium

Penn State Law Enforcement Consortium

S NN

The largest consortium, in Tippecanoe County, IN, represents over 250 law enforcement and
emergency management personnel. This particular consortium is a VACCINE resource intended
to be utilized by all VACCINE partner schools and the DHS CCI division of S&T.

The Tippecanoe County consortium has embedded a graduate student within the law
enforcement community which gives us direct access to over 10 years of digital data. This data
will allow us to conduct projects with the goals to coordinate and to improve evidence-based
policing, prospective policing, and results-oriented policing. In addition, this consortium will
work to coordinate and improve emergency management’s planning, response, mitigation, and
recovery efforts for any emergency, manmade or natural, in a direct or supporting role.

Having our customers directly integrated with our mission-driven research projects allows them
to provide input, project instigation, and relevant feedback and transition paths for DHS
technology transfer. The MDRPs are 18 to 36 months in duration and our initial set includes
projects leveraging successful R&D from the former RVACs and new faculty, as well as several
new initiatives. All of these projects are collaborative among the universities and specific
personnel initially involved in each project are identified.

The MDRPs are intended to be an evolving set of projects to explore and solve targeted,
developing DHS mission needs. We are not just deriving ad-hoc solutions to problems, but
addressing the fundamental research questions, advancing the science of visual analytics, and
creating a solid theoretical foundation for both future research and applications of that research
to diverse homeland security challenges. The research infrastructure and focus on common
research challenges and solution techniques provides a generic, robust infrastructure, as well as
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tools for rapidly developing solutions for real-world, mission-critical homeland security
problems.

Our research is extending the state of the art in many areas including the following:

e Theoretical work in the science of analytical reasoning

e Fundamentals of visual representations for multisource, uncertain, temporally evolving,
and conflicting data

e Data representations, integration, quality assessment, cleaning, and reduction for massive
datasets, streaming data, and multisource data integration

¢ Methods and novel visual analytic tools tailored to user, task, and device requirements
e Mobile visual analytics for real-time applications
e Novel spatiotemporal modeling, detection, and prediction techniques

e New multisource correlation and visual analysis techniques (e.g., linked animal and
human health surveillance)

e Novel video analytics for tracking, event detection, and mobile video analytic
applications

e Novel population distribution adaptive cluster detection and aberration detection
techniques

e Novel synthetic data generation techniques for spatiotemporal data streams that match
observed statistical properties of source data but are completely anonymized

e Adapted presentation methods for actionable decision making for a diverse set of users
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V. Resear ch Project Descriptions

MDRP 1: Visual Analyticsfor Investigative Analysis on Text Documents
Team

VACCINE:

Georgia Tech: John Stasko

Pennsylvania State University: Alan MacEachren, Prasenjit Mitra
Smon Frasier University: Brian Fisher

CCICADA:
University of Southern California: Ed Hovy

Abstract

The goal of Pennsylvania State University with this work was to enable analysts to forage for
and make sense of place-relevant information extracted from text documents linked to formal
geographic information. The visual analytic system developed can retrieve and process text
documents, identify information of interest, present the information via an interactive visual
interface, interactively record analyst-provided information and update the visually presented
information to assist the analyst. Applications include monitoring the news media to track mass
movement of people in response to events and monitoring Twitter feeds as input to investigative
analysis. One component of the research has resulted in a prototype web application, SensePlace.
The scientific goal of SensePlace is to visually and computationally support analyst sensemaking
with text artifacts that have potential place, time, and thematic relevance to an analytical problem
through identification and visual highlighting of named entities (people, places, times, and
organizations) in documents, automated inference to determine document relevance using stored
knowledge, and a visual interface with tightly coupled geographic map, timeline, and concept
graph displays used to contextualize potentially relevant documents.

The team developed techniques and tools for investigative analysis on large collections of
documents including both unstructured text and structured documents (e.g., spreadsheets). They
developed systems that use interactive visualizations to help analysts with performing
exploration, sense-making, and understanding tasks. If they could help analysts determine which
documents to read first and to also find important, connected documents, then they could help
them to make timelier and accurate assessments of the situations described within those
documents. The project builds upon the Jigsaw system, and explores how new capabilities can
be added to it. They also planned to disseminate the system for use by real clients, people, and
organizations in various domains.

Technical Approach
Data collection methods used were compiling & sorting DB, data mining, and expert
consultation. Analytic methods used were case studies, sampling, and statistical analysis. The
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nature of research was applied, basic, consultation, coordination/integration, education, hybrid
basic-applied, and hybrid applied-consultation.

Milestones

Milestonesfor VACCINE Period 1

07/01/09 — 03/31/10

Quarterly

Development of text-layout views (e.g., WordTree) X

o

Design of infrastructure for geo-visual visualizations X

Implement geo-visual visualizations

Experimentation with variety of document clustering methods X

Development of visualizations of clustering methods

Experiments with event identification software systems to assess viability

MR R AR

Implement visualizations of events identified in text X

Complete implementation of 1% generation SensePlace application and create
video demo of application use

Submit paper for publication X

Create development plan for full GeoTemTA environment

o

Integrate ideas and components from TexPlorer methods and SensePlace into
GeoTemTA and create working prototype

Develop methods for representing and working with information/artifact
uncertainty

Evaluation of developed techniques X

Project Outcomes (Results, Accomplishments, Conclusions)

Publications

1.

Carsten Gorg, Jaeyeon Kihm, Jaegul Choo, Zhicheng Liu, Sivasailam Muthiah, Haesun
Park, John Stasko. “Integrating Computational Analysis with Interactive Visualization
in Document-Focused Visual Analytics Systems.” Submitted to IEEE VAST 2010.
Jaiswal, A., D. J. Miller, et al. (2010). "Un-Interpreted Schema Matching with Embedded
Value Mapping under Opaque Column Names and Data Values." IEEE Transactions on
Knowledge and Data Engineering 22(2): 291-304. {cross MDRP — 1 & 13}

Robinson, A. (2009). Needs Assessment for the Design of Information Synthesis Visual
Analytics Tools. IEEE International Conference on Information Visualization. Barcelona,
Spain, 353-360.{cross MDRP — 1 & 13}

Robinson, A. (2009). Visual Highlighting Methods for Geovisualization. 24th
International Cartographic Conference. Santiago, Chile (CD only) {cross MDRP — 1, 3,
12 & 13}

Tomaszewski, B., J. Blanford, K. Ross, S. Pezanowski and A. MacEachren (submitted).
"Supporting Rapid Sensemaking in Diverse Web Document Foraging." Computers,
Environment and Urban Systems
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6. Youn-ah Kang, Carsten Gorg, John Stasko, "Evaluating Visual Analytics Systems for
Investigative Analysis: Deriving Design Principles from a Case Study", Proceedings of
IEEE VAST '09, Atlantic City, NJ, October 2009, pp. 139-146.

7. Youn-ah Kang, Carsten Gorg, and John Stasko, “How can Visual Analytics Assist
Investigative Analysis? Design Implications from an Evaluation.” Accepted for
publication in |EEE Transactions on Visualization and Computer Graphics.

8. Pike, William, John Stasko, Remco Chang, and Theresa O'Connell. Science of
Interaction. Journal of Information Visualization (2009). Work under UNC Charlotte
VACCINE project.

Other outcomes / impacts

The contribution at Penn State to research on visual analytics for investigative analysis on text
documents has focused on geographic components of unstructured text information and the
challenges of foraging for and sensemaking with that information. Geographic knowledge
building from unstructured web sources starts with web document foraging during which the
immense quantity, scope and diversity of web-based information create incredible cognitive
burdens on an analyst’s or researcher’s ability to judge information relevancy. Determining
information relevancy is ultimately a process of sensemaking.

The first half of the time period was devoted to preliminary research on visually supporting web
document foraging and sensemaking and completing the implementation of the initial prototype
that began under their Regional Visualization & Analytics Center funding. More specifically,
they implemented the
Sense-of-Place - e

(SensePlace) analytic |=VF=== g B e
environment. They |Vma=s e
demonstrated a proof-of- === A —

concept by applying the
tools to an analysis of _ e
using  SensePlace to | e e

uncover potential S
population migration, [ A —
geopolitical, and  other - - T o e
. . . *— t
infectious disease *— e ‘g‘ - g
dynamics drivers (measles '.'—. ] Lae .

. . . . . — L I
epidemics) in Niger. Their B SR | C
analysis allowed them to ey, ) -
demonstrate  how  their = '-'l-.-*-*-'-l____ e
approach  can  support T ey e W_ o T

analysis  of  complex
situations along (a) multi-
scale geographic dimensions (i.e., vaccine coverage areas), (b) temporal dimensions (i.e.,

Figure 1: Screen shot of SensePlace.



seasonal population movement and migrations), and (c) diverse thematic dimensions (effects of
political upheaval, food security, transient movement, etc.).

Figure 1 was a snapshot during a SensePlace analysis session. In this figure, the analyst was
examining place references and thematic dimensions related to a story about a food crisis in
Niger. In figure 2 below, the diagram illustrates the process used for foraging and sense making.
The tool searched the web for text documents about a particular geographic location using the
search terms entered by the user. Retrieved documents are displayed in the Results tab and
analyzed by the user through the visual interface components (see Figure 1). The user views the
articles by (i) viewing the abstract and highlighted keywords to determine relevancy, (ii) viewing
where the article is throughout the map, and (iii) viewing the concepts affected and the sequence

of events through the timeline.

Information from relevant

o o o documents can be captured using a
= 3 b3 .
23 it browser add-in (Zotero) and
o C @ .
5 2 transcribed to a spreadsheet for later
5 . . .
; = = use. In addition, links to the articles
o ¢ @ .
Z5 Abstract " Concept g and search terms can be saved using
o Key words time U",: . .
the Save Results Option in

@ SensePlace (artifacts are saved to an

e XML and TXT file, respectively,

TS Collate Synthesize & p Camure which can be shared with colleagues

bk W‘*b Ariiges or uploaded again if required in the
Summarize

future). Information from the

Excel

Sensemaklng m tarticles/c%ocuments highlights new
information and prompts new
searches using new keywords. The
process is repeated again until the
user is satisfied that they have
gathered sufficient information
about the topic of interest. Information gathered through this tool can then be collated,
synthesized and summarized by the user. Features/components contained within SensePlace are
illustrated within the red box.

SensePlace

Share with
Colleagues

E-mail XML and
uploadin tool

Hypothesm Disease

Figure 2: SensePlace foraging and sensemaking process.

Following completion of the initial SensePlace application, work focused on a second generation
version that is more scalable and more adaptable to a range of information sources. In this work
during the second half of the time period, they implemented a visual analytic interface that
analysts can use to examine place, time, and concept components of information extracted from
multiple text sources. As part of a test case study, the team compiled a database of Twitter feeds
containing over 1 million Tweets and implemented tools to ingest GeoRSS feeds generated by a
variety of sources. They implemented core parts of their system architecture including a
distributed database, server technologies, and an initial user interface. They designed the
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methods for entity and relationship extraction from Twitter feeds and developed a strategy for
contextualization of the Twitter feeds by fetching feeds posted by the same user. They also did
preliminary evaluation and adaptation of the back-end components.

Figure 3 below illustrates the Text Information Channel Backend for the second generation
SensePlace that will support a wide variety of information feeds such as Tweets, GeoRSS feeds,
HTML and plain text. In the milestone chart, this second generation tool was tentatively called
GeoTemTA (for Geo-Temporal Text Analytics). This core architecture is being leveraged for use
in MDRP 13 as well.

System Information Tables
(PostGRES DB)

i |
! i
! i
! [
Channel Data I @ i Channel Text

! i
! i
' |

|

|

Table | | Index
Ciwannel Named
[Entity Tables  _ _ __
Y ¢ v
Data Named Entities Spatial Data Text Index
Load/Request Load/ Request Load/ Request Build/ Search
3 y y 3

Y
Backend/ Ul Requests
for Twitter Channel

Figure 3: SensePlace Text Information Channel Backend Architecture

The system consists of a central database containing all information such as data tables,
associated named entity tables, location tables and text search indices for each information
channel which allow the UI and the backend text processing software to run. The architecture
was designed such that a wide variety of information channels can be easily integrated and allow
the user interface/processing software to quickly access and process this information. Figure 4
below illustrates the Twitter Information channel storage and processing backend. Each channel
of information currently stored consists of four backend processing daemons.
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T Central Database and Index (PostGRES + PostGIS and Lucene) B RSESs St

Associated Entity Tables

1

1

1

1

1

i Query Data Person  Organization Other Location Text Search
: Table Table Table Table Entity Table Table Index
1
1

|_
A 7y 3
e [ R sy
Twitter Channel Named Entity Geocoding Lucene Text
Search Daemon —» Extraction Daemons Daemon & Indexer
ﬁ (7 Instances) @ Daemon
Twitter Geonames
Open Calais /
FactXtractor

Figure 4: The SensePlace Twitter Information Channel Storage and Processing Backend
System components are described below:

1. Channel Search/Data Load Daemon: Each channel has an associated daemon which
collects information of interest. For example, the Twitter channel search daemon
currently uses a table which contains queries that are passed on to Twitter. Twitter then
returns a set of Tweets which are then stored in the channel data table. Each channel data
table typically contains single column of text (in this case it contains the text contained
within the Tweets returned from a Twitter search) which is of interest. This column
information is stored in the system information table as shown in Figure 1 is used by the
text processing software.

2. Named Entity Extraction Daemon: The named entity extraction daemon extracts the
named-entities contained within the text present for each channel and writes this
information to the associated named-entity tables in the database. There are four broad
categories of named entities that are extracted namely people, locations, organizations
and others. The current daemon uses the Open Calais named-entity extraction web
service. They are working towards integrating FactXtractor named-entity extractor as
well. The named-entity extraction daemon is written such that it can be run on multiple
machines on the same network allowing large amounts of text information to be
processed in real time. The Twitter channel currently uses 7 machines to perform named
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entity extraction. Examples of extracted locations and organizations are shown in Figures
4 and 5.

Geocoding Daemon: Once the named-entity extraction has occurred, a location table is
generated which contains text information (e.g. “Haiti”’) regarding locations contained
within a channel (e.g. Figure 3). While this is suitable for text querying, however, such
information is not of use when the user might want to perform spatial querying on this
channel. For e.g., a user might want to use a bounding box in a map interface to restrict
the information to that corresponding to the locations within this bounding box. The
Geocoding daemon processes the location table (for all channels) and geocodes these
locations with the point coordinates of the best matching location returned from
Geonames.org web service. These point coordinates are stored within the location table
as shown in Figure 6.

Lucene Text Indexer Daemon: As discussed in 1) each channel typically contains a single
column of text in the channel data table. For example the Twitter channel data table
contains one column which stores all the Tweets that were extracted by the channel
search daemon. The Lucene text indexer daemon creates a Lucene text index for the
channel text for full text querying. The index also stores dates where the lexicographic
property of the stored string is used to allow text and date range (for e.g., Tweets about
“swine flu” between dates “Jan 2009” and “Dec 2010”), text and day (for e.g., Tweets
about “swine flu” on “Friday”), text and date (for e.g., Tweets about “swine flu” on date
“10th Jan 2009”), text and day + date range type querying (for e.g., Tweets about “swine
flu” between dates “Jan 2009” and “Feb 2009” occurring on days “Friday” and
“Saturday”).

Channel Data Middleware: The middleware API layer provides an integrated access layer
that allows all the information stored within the repository to be quickly accessed by the
frontend. For example, Figure 7 shows the frontend where an analyst queried for
“Earthquake”. The middleware layer allows the frontend to quickly access the
information repository and display the information (relevant Tweets, associated persons,
organizations, locations and temporal information, etc.) for consumption by a user.

for:

[#] senseplace 20

search

from: | |

place

change
earhquake twiter = ‘ lcwi current task ‘

mChiIe Earthquake 2010 | Oxfam International http://retwt.me/1Mxp5 (via

sort by: relevance time place

Searthquake, storm Xynthia: Wisconsin will join a massi... httpz//bit.ly 07:26:59 EDT =
+[abzVON 2010

u:hile Earthquake Moved Entire City 10 Feet to the West hitp://shar.es UEIR

Support Chile Earthquake, add a #twibbon to your avatar now! - Wed Mar 17

. W @Testingitoutnow Remember Charity for Haiti Earthquake Victims Donate

@EARTHQUAKE Dispatches: The estimated loss for Hiscox Chile Wed Mar 17 *

Wed Mar 17
09:15:27 EDT
@0xfam) —
11:27:08 EDT
2010

mWsi4

tpi//BItY 5 09:17 EDT
2010

. Wed Mar 17
BttpE/ /bt 10 17.03 EoT
2010
Wed Feb 10
15:12:17 £ST e
2010
Wed Feb 10

/cOXeW0

Support Chile Earthquake, add a #twibbon to your avatar now! -
/cOXEW0

oday http://www.unicef.org/

ART (@vincevitrano: Viewer in Wauwatosa said windows shook, books fell,
IJhnuse rumbled for about 7 seconds. #earthquake

05:36:40 EST
201

time

e

o |

| Figure 5: The Frontend showing a query interface returned Tweets and a map with Tweet locations.




Figure 5 and 6 show examples of Tweets that were loaded by the Twitter Channel Search
daemon and the corresponding entities (Locations, Organizations and Persons) extracted by the
Named Entity Extraction daemon. Figure 6 shows the location table for the Twitter channel and
the spatial coordinates that were assigned to the locations by the Geocoding daemon.
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| 6 | 32 Mother of Kansas girl who died in Indy during FFA convention says daughter tested positive for H* kansas provinceorstate
| S 48 H1N1 Flu Virus: Government Of Canada Provides Travel Guidance: The Government of Canada to# canada country
8 52 China: A/H1N1 accounts for 80 pct of China's total flu cases: official http://bit.ly/myCalN *» china country
9 60 H1N1 flu vaccine shortage impacting public flu clinics in Baltimore - http://tinyurl com/yh5bpsd. ¥ baltimore city
10 61 Moroccan Health Minister said that 82 cases of HIN1 influenza have been diagnosed in a single ¢ casablanca city
11 61 Moroccan Health Minister said that 82 cases of HIN1 influenza have been diagnosed in a single & rabat city
12 78 Ten H1N1 vaccination clinics in Toronto to serve 2.5 million people? GREAT PLAN! Looks like our toronto city
13 92 US Faces H1N1 Flu Vaccine Shortage - Voice of America: Voice of AmericaUS Faces H1N1 Flu ¥ america continent
| 14 | 99 Mt Sinai Hospital in Toronto is trying to avoid the criticism of not communicating to the public, as ¥ toronto city
| 15 112 Planes, Traines And The H1N1 Flu Virus, Canada Travel Guidelines: The Government of Canada t¥ canada country
16 121 US Faces H1N1 Flu Vaccine Shortage - Voice of America.. http://bit.ly/1RtUFo #h1n1 » america continent
17 132 CVS pharmacies just announced they have H1N1 vaccines in Florida, Nevada, &amp; North Carol¥ florida provinceorstate
18 132 CVS pharmacies just announced they have H1N1 vaccines in Florida, Nevada, &amp; North Carol} nevada provinceorstate
19 132 CVS pharmacies just announced they have H1N1 vaccines in Florida, Nevada, &amp; North Carol* north carolina provinceorstate
20 134 First H1N1 Related Death Confirmed in Madison County today...another death also reported from » madison county provinceorstate
| 22 | 134 First H1N1 Related Death Confirmed in Madison County today...another death also reported from » mccreary county  provinceorstate
| 725 142 10-Point Checkup: H1N1 flu in Placer County widespread, vaccine upon way http://tinyurl. com/yke placer county provinceorstate
Figure 6: Example Tweets and the extracted locations and types
sysid tweettext name type
1058 HHS waives certain Medicare, Medicaid, CHIP requirements for HIN1 flu: http://ow ly/xkDA #fb » medicare organization
1063 'Further rise’ in swine flu cases (BBC News).. http://bit.ly/KgkSr #h1n1 » bbc company
1066 Emergency approval from FDA for new swine flu test (AP via Yahoo! News).. http://bit.Iy/1LK7Im #h1n1 » fda organization
1066 Emergency approval from FDA for new swine flu test (AP via Yahoo! News).. http-//bit ly/1LK7Im #h1n1 » yahoo! company

1070 Morth Canton Company Fights Against HIN1 with New EPA Registered Hard Surface Disinfectant, Formulat® environmental protection agency  organization
1077 North Canton Company Fights Against HIN1 with New EPA Registered Hard Surface Disinfectant, Formulat? environmental protection agency  organization

1096 The line-up at NY Civic Centre at 11:48 for #h1n1 shot. Cops said 4 - 5 hr wait. http:/pic.gd/d7921f » ny civic centre organization
1108 PA Department of Health: National Delays in HIN1 Flu Vaccine Distribution Highlight Need for Continued Pré pa department of health organization
1112 News Flu H1N1: North Canton Company Fights Against H1N1 with New EPA Registered Hard Surface Disin* environmental protection agency  organization
1113 News Flu HIN1: China to lift swine flu-inspired ban on US pork - The Associated Press http-//ow.ly/15Y7f%6 * associated press company

Figure 7: Example Tweets and extracted organizations and types

Figure 7 shows a temporal analysis of Tweets for a broad keyword “earthquake” that may be of
interest to an analyst. Tweet counts can be very useful for discovering events as Figure 8 shows.
For example, they found two abnormal spikes in Figure 9 corresponding to the dates 02/10/10
and 03/02/10. On those two dates, earthquakes struck the Northern Illinois region and Chile
respectively. The current indexing mechanism provides an easy way to extract and visualize such
information, so an analyst may be able to find relevant information within the vast stores of
irrelevant information. In addition, a future direction for work is an automated event detection
mechanism which would essentially discover such abnormal spikes in information related to a
broad keyword of interest (for e.g. Earthquake, Hurricane, Tornado, Disease, etc.) followed by
automated analysis of information present within these spikes. For e.g., consider the spike in
Tweet counts for the “Chile Earthquake”. A 2-gram analysis of all Tweets in this spike should
have a very high frequency of the words “Chile” and “Earthquake” appearing together in Tweets.
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Based on the high frequency of appearance of “Chile” and “Earthquake”, the system can
automatically use these as keywords for a more directed search of relevant information to the
Chile Earthquake. This should provide a better filtering mechanism so as to remove irrelevant
information, as well as provide an automated way for alerting an analyst towards an event of
interest. They are currently working on an implementation of such a system.

A | B \ | D E | F G
1 locid name type sysid geocoded @ geonameid coordinates
2
3 19401 pakistan country 97002 t 1168579 (30.70)
4 19402 florida provinceorstate 97004 t 4155751 (28.7505408,-82.5000976)
5 19407 united states  country 97008 t 6252001 (39.76.-98.5)
6 19408 france country 97008 t 3017382 (46.,2)
7 19416 turkey country 97018 t 298795 (39.35)
8 19417| delhi city 97019 t 1261481 (28.6128189621009,77.2311401367188)
9 19418/ delhi city 97021 t 1261481 (28.6128189621009,77.2311401367188)
10 19419 delaware provinceorstate 97021 t 4142224 (39.0003906,-75.4999224)
1 19420 india country 97022 t 1269750 (20,77)
12 19421 india country 97025 t 1269750 (20,77)
13 19422 wales country 97027 t 2634895 (52.5,-3.5)
14 19423| wales country 97029 t 2634895 (52.5.-3.5)
15 19337| baltimore city 96943 t 4347778 (39.2903848,-76.6121893)
16 | 19350 united states  country 96956 t 6252001 (39.76.-98.5)
17 19353 cuba country 96958 t 3562981 (22.-79.5)
18 19355 united states  country 96959 t 6252001 (39.76,-98.5)
19 19356/ france country 96959 t 3017382 (46.2)
20 19368/ leogane city 96971 t 3722286 (18.5108333,-72.6338889)
21 19371| united states  country 96973 t 6252001 (39.76.-98.5)
22 19377 united states  country 96978 t 6252001 (39.76.-98.5)

Figure 8: Example locations extracted from the Tweets and their Geonames ids and latitude, longitude
coordinates.
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Figure 9: Tweet count as a function of date for the keyword “Earthquake”. Two earthquakes “Chile
Earthquake” and “N. Illinois Earthquakes” are events that can be statistically detected (spikes) based on
daily average Tweet counts

The SensePlace application was specifically focused on fostering geographically-centered
sensemaking through identification and visual highlighting of named entities (people, places,
times, and organizations) in documents, automated inference to determine document relevance
using stored knowledge, and a visual interface with tightly coupled geographic map, timeline,
and concept graph displays. They used a case study (focused on uncovering potential population
migration, geopolitical, and other drivers for infectious disease dynamics in Niger) to
demonstrate how our approach can support analysis of complex situations along (a) multi-scale
geographic dimensions (i.e., areas where vaccine coverage is non-existent or limited both within
Niger and the surrounding countries), (b) temporal dimensions (i.e., population movement within
Niger due to seasonal migrations related to food and livelihood), and (c) diverse thematic
dimensions (effects of political upheaval, food security, transient movement, etc.). The current
re-designed system increases the scalability of the system by orders of magnitude allowing the
analyst to examine a large text corpus. They also enhanced the system to be able to handle
streaming text data with high efficiency. As a case in point, they showed how the system can use
Twitter data and RSS feeds to enable visual analytic exercises.

In terms of evaluation, last spring and summer the team at Georgia Institute of Technology
performed a study with a simulated intelligence analysis session and compared the use of Jigsaw
to other more traditional techniques such as using pen and paper or using desktop search. Jigsaw
generally seemed to support more thorough analysis, but most importantly the study helped them
identify different investigative strategies that people follow with visual analytics tools and it
helped them to derive design principles for visual analytics tools. They published a paper at
VAST 2009 about this study and are publishing a journal paper in |IEEE Trans. on Visualization
and Computer Graphics, as well.

In terms of the system, they had goals of doing more with geovisualizations, visualizing events,
and visualizing uncertainty. As they worked more with the system, they decided to instead focus
more on the database capabilities, entity identification, implementing new views of the
documents and entities, and developing further computational analysis capabilities. All of these
directions were extremely successful. The system now stores document analysis information in a
database on disk, so it can scale to much larger document collections. They added and refined
the entity identification capabilities. They added new Circular Entity graph and Document Grid
views. Finally, they are making excellent progress adding new document analysis capabilities to
Jigsaw. They implemented automated document clustering by theme, and they implemented
document similarity analysis. They also built document summary capabilities, so they can give
one sentence from each document that most typifies it. Finally, they began to explore sentiment
analysis capabilities.
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They created a new release (0.3) of the system and began distributing it to people and
organizations who want to use it. They have a growing and wide-ranging client set now and
continue to work on expanding it. Articles about Jigsaw have appeared in the DHS R-Tech
newsletter and Fraud Magazine, a magazine for investigators of money laundering and fraud
cases. They are also exploring new document domains for analysis such as bioinformatics,
business markets, on-line reviews, and academic papers.

Jigsaw relevant:

New views (visualizations) were added to the Jigsaw system including a WordTree view and a
Circular Graph view.

A significant amount of time was spent in creating a distribution version of the system that could
be given to academic colleagues, as well as, various government and corporate interested clients.
In order to do so, a major rework of the system architecture was performed, changing how
documents are stored during analysis. They moved to a database model of document storage, so
they could interface with much larger document collections.

In January, the 0.3 version of the system was created including documentation, tutorials,
example data, etc.

Articles about the system appeared in newsletters and magazines, and they helped bring
additional interested parties to VACCINE.

In the third quarter, the research focused on adding further computational analysis capabilities to
the system including document clustering. These algorithms provide more analytic power to
Jigsaw and, from the initial use of the algorithms, appear to enable many new types of analyses.
A paper was submitted to the VAST Conference about these aspects.
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MDRP 2: Integrate Automated Analytical Reasoning into Jigsaw
Team

VACCINE:
Georgia Institute of Technology: John Stasko, Ashok Goel

Abstract

The objective of this project is to develop and integrate more automated analysis and reasoning
capabilities into the Jigsaw system. Presently, as a visual analytics system, Jigsaw is heavy on
the visualization aspect and the analyst explores the document collection manually. While
VACCINE believes there is much value in this, the team would like to integrate more automated
reasoning and analysis capabilities into the system as well. So, for instance, the system might
suggest hypotheses about the documents, it might help the analysts confirm/refute hypotheses
they have developed, or it might simply suggest avenues to explore more. The team will explore
how Jigsaw can be combined with the STAB system also created at Georgia Institute of
Technology, which provides these types of automated analysis capabilities. Such a task will be
challenging, because the two systems were implemented in completely different environments
and with very different data models. Here, the team plans to see if these two approaches can be
combined, and then will use an example document collection as a case study.

Technical Approach
Data collection method used was case studies, and the nature of the research was the analytic
method and the basic method.

Milestones

. . 07/01/09 — 03/31/10
Milestonesfor VACCINE Period 1

Quarterly

Survey and research existing evidence marshalling tools X X
Design advanced evidence marshalling for Jigsaw X X
Implement evidence marshalling capabilities into Jigsaw X
Design how to present STAB analysis results in Jigsaw X
Implement STAB analysis results views in Jigsaw X X
Design of how to use Jigsaw to generate hypotheses into STAB X X
Overall integration of Jigsaw and STAB X X X

Project Outcomes (Results, Accomplishments, Conclusions)

Other outcomes / impacts

Progress was slow during the first two quarters of the project, but the team made good strides in
the final quarter. They presently have a working version of a system that integrates Jigsaw with
STAB. On the one hand, an analyst can have automated reasoning performed in STAB and the
results can be examined (item by item) in Jigsaw. On the other hand, Jigsaw explorations can
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lead to hypotheses that can be entered into STAB for automated checking and analysis. The
team made a video of the combined systems in March. They have not authored any publications
about this project yet, but are working on a draft of one now.

Many internal changes to the data structures and models within STAB were necessary to
accomplish the integrated changes between STAB and Jigsaw. In the resulting system, analysis
can proceed in different fashions. In one, the analysts can run STAB’s core automated reasoning
capabilities. Its output and results are now presented in a manner that coordinates with Jigsaw.
So, for instance, the analyst can select an individual mentioned in one of the hypotheses
developed by STAB, and explore that individual’s information within Jigsaw. This acts as a
kind of sanity check for what STAB produces. In another fashion, an analyst can explore
documents as they usually would in Jigsaw, but they can use a new interface to send hypotheses
to STAB for its automated analysis on those hypotheses (e.g., STAB might find evidence that
confirms or contradicts the hypothesis).

To demonstrate these capabilities, the team created a case study of the combined system running
on the VAST Conference Contest dataset from 2006. Events within the documents were
manually coded, because they do not have any software that does automatic event identification
reliably.

The team created a video of this system integration in June for Joe Kielman’s request for videos.
They outlined a paper about this project, but have not yet begun writing the paper.

As for the evidence marshalling capabilities within Jigsaw, that project is in progress. In the
final quarter, the team continued with the design of this component and began implementing it.
Some initial usage of the component and feedback was gathered from that and sent back to
redesign some of the pieces. Further development of this component is still underway.
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MDRP 3: Situational Surveillance & In-field Criminal I nvestigative Analytics
Team

VACCINE:

Pennsylvania State University: Alan MacEachren, Frank Hardisty

Purdue University: David Ebert, Mimi Boutin, Ed Delp, Bill Cleveland

Virginia Polytechnic Institute and State University: Chris Barrett, Stephen Eubank, Madhav
Marathe

CCICADA:
Rutgers University: Fred Roberts

Abstract

The over-arching goal for the first year was to develop methods for combining syndromic
surveillance data with detailed synthetic social network based epidemic simulations for improved
state assessment, support of insight building and consequence analysis for decision makers.

VACCINE developed novel methods for enabling event animation in “map mashups” and for
more efficient web-map client server interaction. In addition, advances in spatio-temporal
analysis methods have been achieved and integrated into the GeoViz Toolkit. Discussions have
been initiated with the Harrisburg Department of Police about transitioning our CrimeViz web-
mapping tool for representation and tracking of crime incidents.

Work in this project focused on development and application of new exploratory visual analytic
(EVA) mapping methods to support criminal investigative analytics. The team developed
situational surveillance visual analytics tools to process large volumes of geographically
referenced data searching for events of interest. This work will integrate the Visualization
Sciences team’s work into the Data Analytic team’s work for the Port Authority of New
York/New Jersey (PA NY/NJ). Emphasis was on methods and tools for making sense of and
analyzing numerical and categorical data that contain geographic and temporal references, thus
on understanding and visualizing the space-time dynamics on the phenomena investigated and on
identifying and tracking change over time. Methods developed will be implemented in
component-based software that support the mixing and matching of the team’s advances with
those of the other COE teams working on this topic. Both web-based and desktop tools will be
implemented and tested, in support of a range of potential applications.

Technical Approach

The team used bench tests, bioassay, compiling & sorting DB, data mining, expert consultation,
field monitors, sampling (tissue), and survey to collection data. They also used Biometrics, case
studies, econometrics, genomic testing, modeling, molecular biology/genomics, risk assessment,
sampling, and statistical analytics as their analytic methods. Lastly, for the nature of research
they used applied, basic, consultation, coordination/integration, education, hybrid basic-applied,
and hybrid applied-consultation.
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Milestones

07/01/09 — 03/31/10

Milestonesfor VACCINE Period 1

Quarterly
Initial development of spatiotemporal visual analytic methods for scaling to large datasets X | X
Evalugtion of spatiotemporal visual analytic methods on health surveillance and crime X X
surveillance data
Development and integration plan for deployment of tools in PA NY/NJ complete X X
Submit paper on design and implementation of web-map tools for crime data analysis X
Submit paper on efficient web-map client-server interaction involving large volumes of X

spatiotemporal incident data

Generalize the system reported on above through a more robust system architecture to
support more flexible web-map client-server interaction involving large volumes of X
spatiotemporal incident data — produce demonstration of this extension

Release version of GeoViz Toolkit with new ESDA methods for investigating spatial
patterns and events in crime data

Work with colleagues at Data Science team at Rutgers to produce cross-site work plan
detailing coordination/collaboration & coordinate with potential users

The team’s current progress has included interacting with the Tippecanoe County Police
Department and obtaining workspace for VACCINE researchers to directly interact with officers
in the field. This will allow the team to improve technology transition and aid in tool
development.

The results for the first year include the release of two software packages, the GeoViz Toolkit,
GeoVISTA, CrimeViz, which will enable better understanding of phenomena relevant to crime
investigation, and VALET. The team has also implemented a tool that supports scaling of web
mapping tools to relatively large event data sets. This tool, HerbariaViz, has been tested with
data from a herbaria collection (because the data were available and representative of the kinds
of data of interest). Developments with each are outlined briefly.

GeoViz Toolkit

VACCINE researchers at Penn State’s GeoVISTA Center developed novel methods for
discovering spatial and spatio-temporal patterns in crime and related demographic phenomena
using the GeoViz Toolkit as a platform. The GeoViz Toolkit is an open-source set of geographic
visualization and analysis components. The advances made for analyzing crime data involved
developing methods for interactive exploration of spatial structure in crime and demographic
data, and their implementation as interactive tools that take advantage of previously developed
components.

In particular, the team developed spatio-temporal versions of the Local Moran’s I spatial
statistic, and they incorporated that statistic into an interactive tool within the GeoViz Toolkit.
They applied these methods to national crime trends, and were able to both identify known
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patterns of crime and uncover some unexpected trends that bear further analysis. These ESDA
advances were incorporated into a newly released version of the GeoViz Toolkit.
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GeoVISTA CrimeViz

The contribution of CrimeViz is that it is an easy-to-use tool for police officers and other crime
analysts to understand both spatial and temporal trends in crime data. This tool is being
transitioned into use by the Harrisburg Police Department. The contribution of the GeoViz
Toolkit is that it implements a number of multivariate data analysis tools, which will enable
better understanding of both crime incidence and the socio-political factors which relate to crime
incidence.

CrimeViz is an extensible web-based map application that supports exploration of and
sensemaking about criminal activity in space and time.

The current prototype illustrates the potential of the tool by visualizing a rich dataset of violent
crimes published to the web in near real-time by the District of Columbia Data Catalog
(http://data.octo.dc.gov/). Utilizing a suite of geovisual analytics tools, analysts can identify
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complex spatio-temporal patterns of crime in the District of Columbia, allowing analysts to
unlock important insights about the crime incident dataset.

The current implementation of CrimeViz includes a central interactive map (using the Google
Maps service), interactive filtering by crime type, linear and composite animations, an interactive
temporal legend that doubles as a frequency histogram, and a set of togglable map layers.
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The team is employing a user-centered design approach to guide development of the GeoVISTA
CrimeViz concept. An initial usability assessment of version one of the applications revealed
interface and mapping problems, as well as other bugs. The results were used to revise the
CrimeViz prototype substantially. A typical screen in an analysis session that highlights key
features is shown below. Our next step in the process (year two) is to gather more information
about the current practice of crime mapping and analysis through interviews, surveys, and hands-
on interactive sessions with law enforcement personnel. Feedback from these activities will
allow us to identify core features currently available in other tools that must be implemented in
GeoVISTA CrimeViz, as well as tasks that current tools do not support.
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The research thus far indicates that most medium to small municipal police departments lack
analytical tools and training to explore and make sense of their crime incident datasets. The
GeoVISTA CrimeViz concept provides these crime analysts with an extensible, easy-to-use tool
to support spatiotemporal crime analysis and mapping.

As a component of the effort to develop CrimeViz, we have developed a set of methods to
support event animation in web-based “map mashups”. This has produced a code library that
extends the Google Maps API to support well-designed interactive cartographic applications (see
the two publications in Cartographic Perspectives below for details).

VALET: Visual Analytics Law Enforcement Technology

We have developed VALET, a Visual Analytics Law Enforcement Toolkit for analyzing
spatiotemporal law enforcement data. VALET provides users with a suite of analytical tools
coupled with an interactive visual interface for data exploration and analysis. This system
includes linked views and interactive displays that spatiotemporally model criminal, traffic and
civil (CTC) incidents and allow officials to observe patterns and quickly identify regions with
higher probabilities of activity. Our toolkit provides analysts with the ability to visualize
different types of data sets (census data, daily weather reports, zoning tracts, prominent calendar
dates, etc.) that provide an insight into correlations among CTC incidents and spatial
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demographics. In the spatial domain, we have implemented a kernel density estimation mapping
technique that creates a color map of spatially distributed CTC events that allow analysts to
quickly find and identify areas with unusually large activity levels. In the temporal domain,
reports can be aggregated by day, week, month or year, allowing the analysts to visualize the
CTC activities spatially over a period of time. Coupled with the spatial mapping view, our
system provides analysts with a time series view of the data. Furthermore, we have incorporated
spatiotemporal prediction algorithms to forecast future CTC incident levels within a 95\%
confidence interval. Such predictions aid law enforcement officials in understanding how
hotspots may grow in the future in order to judiciously allocate resources and take preventive
measures. Our system has been developed using actual law enforcement data and is currently
being evaluated and refined by a consortium of law enforcement agencies.
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Visual Analyticsfor Syndromic Surveillance

Recently, the detection of adverse health events has focused on pre-diagnosis information to
improve response time. This type of detection is more largely termed \emph{syndromic
surveillance} and involves the collection and analysis of statistical health trend data, most
notably symptoms reported by individuals seeking care in emergency departments. Currently,
the Indiana State Department of Health (ISDH) employs a state syndromic surveillance system
called PHESS (Public Health Emergency Surveillance System), which receives electronically
transmitted patient data (in the form of emergency department chief complaints from 73
hospitals around the state at an average rate of 7000 records per day. To help in analyzing this
data, we have created a visual analytics system to provide users with the means to explore trends
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in their data. In spatiotemporal data (such as syndromic surveillance data), analysts are
searching for regions of space and time with unusually high incidences of events (hotspots). In
the cases where hotspots are found, analysts would like to predict how these regions may grow in
order to plan resource allocation and preventative measures, and predict where future hotspots
may occur. To facilitate such forecasting, we have created a predictive visual analytics toolkit
that provides analysts with linked spatiotemporal and statistical analytic views. Our system
models spatiotemporal events through the combination of kernel density estimation for event
distribution and seasonal trend decomposition by loess smoothing for temporal predictions. We
provide analysts with estimates of error in our modeling, along with spatial and temporal alerts to
indicate the occurrence of statistically significant hotspots. Spatial data are distributed based on a
modeling of previous event locations, thereby maintaining a temporal coherence with past
events. Such tools allow analysts to perform real-time hypothesis testing, plan intervention
strategies, and allocate resources to correspond to perceived threats.
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HerbariaViz

In addition to CrimeViz, we have carried out related research jointly with MDRP 12 to develop a
method for efficient web-map client-server interaction and data aggregation involving relatively
large volumes of spatiotemporal point data and a symbology and symbol scaling method for
representing those data in a web client map application. As a test application, the team used a set
of non-crime “incident” data available to us. Specifically, the data consisted of 377,000 spatially-
referenced plant samples collected in California between 1860 and 2007. Each record included
species information along with the data and place of collection plus most identified the person
doing the collection. Thus, while not about crime, these data are analogous to data on crime,
terrorism, and similar incidents.
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Three research objectives were addressed in the component of the research: (1) develop a method
for efficient web-map client-server interaction involving relatively large volumes of
spatiotemporal point data, (2) develop a symbology and symbol scaling method for representing
those data in the client, and (3) develop an interface for client-server interactions and data
exploration. The figure above illustrates the interface to the methods and tools developed and
implemented in a tool called HerbariaViz

TOPIC 1: Structural feature extraction of relational networks to support computational
epidemiology

It is now well established that social contact networks play a critical role in the progression of
epidemics in urban regions. The team analyzed the graphical and relational properties of large,
realistic urban social contact networks. These networks are dynamic, labeled and pose new
computational challenges. In our study, we focused on two representative synthetic social contact
networks -- Miami and Seattle. The research focused on two fundamental issues:

e First, focus on a central question in Network Science — relationship between contact
network structure and spread of diseases over these networks. Then, identify new
structural measures that provide qualitatively different insights about epidemics.

e Second, we focus on mining interesting subgraphs in dendrograms — a dendrogram is a
random subgraph of a social contact network, containing the edges that are used for
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disease transmission. Many questions in epidemiological analysis — such as “on average,
who is most likely to infect seniors?” or “are there disease transmission pathways
involving children?” can be formulated as subgraph mining questions. These questions
can be viewed as problems about the occurrence of labeled subgraphs in dendrograms.

There is a lot of work on extracting important features in complex networks. In biological
networks, this approach has been used to identify motifs, which may have important structural
and functional implications. However, it turns out that because of the stochastic disease
transmission models, the above questions cannot be formulated and solved using standard
techniques. The subgraphs in question are associated with some probability, which depends not
only on the probabilities of the edges in the subgraphs, but also where the subgraph is located, in
relation to the initially infected node. The team’s contribution is two-fold:

1. Formulating the epidemiological questions in terms of probabilistic subgraph counting
problems.

2. Developing efficient computational methods for solving the resulting subgraph counting
problems. In general, counting fixed sized subgraphs in a given graph is a well-known
“hard problem” (formally speaking it is #P-hard). Thus the work focused on developing
fast heuristics: these heuristics have controlled trade-offs between solution quality and
running time.

Reasoning about interesting relational patterns can lead to important insights about the spread of
epidemics, and these insights can be used for developing novel intervention strategies and public
health policies. This forms the basis of the ongoing and year 2 work.

The resulting solutions can also be used as a part of visual analytic tools for public health policy
planners and researchers. For example: 1) the most frequent disease transmission pathways can
be overlaid on a geographic map when the coordinates of each person is known and such
information can help the policy planners; ii) graphical representations (e.g., a bar chart) of the
counts of the various important (and frequent) subgraph patterns in the dendrogram can help
intervention de