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I. Summary 

A. Overview 

Established in July of 2009, the Visual Analytics for Command, Control, and Interoperability 

Environments Center (VACCINE), along with its co-lead, Rutgers University, has served as 

the Department of Homeland Securityôs (DHS) Center of Excellence in Command, Control 

and Interoperability. VACCINEôs mission continues to focus on 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. The education/MSI mission is directed by the University of Houston-

Downtown with Georgia Tech providing an advisory role. VACCINE now has five official  

MSI partners, and we are currently working with Tennessee State University and Fayetteville 

State University on individual projects. The VACCINE team is currently comprised of the 

following 26 universities with the associated Principal Investigator listed for each school: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

University PI 

Arizona State University Dr. Ross Maciejewski 

California State Univ, Dominguez Hills(MSI) Dr. Mohsen Beheshti 

Carleton University, CA Dr. Jim Davies 

Dalhousie University, CA Dr. Kirstie Hawkey 

Florida International University (MSI) Dr. Shu-Ching Chen 

Georgia Institute of Technology Dr. John Stasko 

Indiana University Dr. Shaun Grannis 

Justice Institute of British Columbia, CA  Dr. John Dill 

Morgan State University (MSI) Dr. Timothy Akers 

Navajo Technical College (MSI) Mr. Tom Davis 

Ontario Institute of Technology, CA  Dr. Christopher Collins 

Pennsylvania State University Dr. Alan MacEachren 

Purdue University Dr. David Ebert 

Simon Fraser University, CA  Dr. Brian Fisher 

Stanford University Dr. Pat Hanrahan 

Swansea University, Wales Dr. Min Chen 

University of British Columbia, CA Dr. John Dill 

University of Calgary, CA Dr. Sheelagh Carpendale 

University of Houston, Downtown (MSI) Dr. Richard Alo 
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Figure 1: University Partners and Principal Investigators 

 

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 safety, public health, and emergency response. 

Turning massive data into actionable knowledge through visual analytic techniques is vital to 

the mission of the Infrastructure Protection & Disaster Management Division of The 

Department of Homeland Security, as well as all of the mission areas of DHS. 

 

 

 

University PI 

University of Manitoba, CA Dr. Pourang Irani 

University of North Carolina, Charlotte Dr. William Ribarsky 

University of Oxford, UK Dr. Min Chen 

University of Stuttgart, Germany Dr. Tom Ertl 

University of Texas at Austin Dr. Kelly Gaither 

University of Victoria, CA Dr. Evert Lindquist 

University of Washington Dr. Mark Haselkorn 

Virginia Tech  Dr. Chris North 
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B. Accomplishments 

During Year 3, the VACCINE team worked diligently to create a robust portfolio of research 

and academic projects as well as make significant progress in our outreach and overall 

marketing activities. Highlights of our teamôs efforts include the data in Figure 3 as well as 

these activities: 
 

 VACCINE continued building our multi -agency public safety consortium with 

organizations within the state of Indiana and developing new relationships with 

organizations such as the Indiana Intelligence Fusion Center. A Memorandum of 

Understanding was also negotiated with the Ohio Department of Public Safety, which 

includes the Ohio Dept. of Homeland Security and the Ohio State Highway Patrol. We 

also have public safety partners in other states such as the Charlotte-Mecklenberg Police, 

UNC Charlotte Police and UNC Public Safety Department in North Carolina; the 

Harrisburg Police in Pennsylvania; and the Miami-Dade County Department of 

Emergency Management in Florida, who work with our partner institutions. 

 As part of the COE marketing plan initiative  through DHS and in conjunction with 

CCICADA, we have developed a new brochure featuring the research and educational 

activities of VACCINE which will be distributed to partner schools and organizations, 

our DHS contacts, Congressional representatives, other COEôs, and prospective 

organizations and agencies with whom we hope to work in the future. We are awaiting 

the delivery of a two-minute video, professionally produced through the information 

technology area at Purdue, which will also be used to market VACCINEôs activities. 

Figure 2: VACCINE International Team Members and Partners 

 Return 
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 Our Visual Analytic Law Enforcement Toolkit (VALET)  continues to be used in the 

Lafayette, West Lafayette, and Purdue Police Departments, Indianapolis Police 

Department, and the Tippecanoe County Sheriffôs Office.  We continue to receive input 

and feedback and make adjustments to the technology. Steve Hawthorne, crime analyst 

for the Lafayette Police Department, presented VALET at the International Association 

of Crime Analysts Conference in September, 2011. The mobile version of VALET 

(iVALET) was delivered to the Purdue and West Lafayette Police Departments in 

October, 2011. The Ohio State Highway Patrol and TSA have also expressed an interest 

in utilizing VALET within their organizations. 

 VALET was also used for analysis and presentation of high-risk alcohol behavior in the 

Purdue campus area, working with Purdue Student Health, Housing, EMS/Fire, and 

Police members.  A presentation was given to campus representatives at the annual 

Alcohol Summit held at Purdue University. The resulting findings and analysis are being 

integrated into educational and enforcement programs at Purdue. 

 VACCINE was awarded the Commander Atlantic Areaôs Excellence Coin, a 

prestigious award presented by the US Coast Guard, in recognition of our work with 

District 9 in search and rescue/resource allocation and District 1 in conjunction with  the 

PROTECT project and the CREATE Center. 

 Jigsaw is being used by the Indianapolis Police Department, the West Lafayette Police 

Department, the Rock Hill Police Department (SC), and the Lafayette Police Department.  

Purdue has an undergraduate student working part-time in the West Lafayette Police 

Department to assist them in solving cold cases utilizing Jigsaw. Currently, over 150 

people and organizations have downloaded the system, including Air Force Intelligence, 

AFRL Wright Patterson, Army Counterintelligence, Boeing, Deloitte, Naval Research 

Lab, NCIC, PayPal, Thomson Reuters, United Nations Investigators Office, US 

Attorneyôs Office Organized Crime Taskforce, as well as numerous newspapers and 

police departments. 

 Motorola Solutions, Inc. renewed its membership in VACCINEôs Limited Liability 

Corporation, VACCINE, LLC, with a gift of $40,000 for a second year. We continue to 

talk with corporations who may be interested in joining this organization, including 

Northrop Grumman and Eli Lilly. 

 GARI (Gang Graffiti Recognition and Analysis) is being used by the Indianapolis 

Metropolitan Police, the Indiana Intelligence Fusion Center Gang Task Force and gang 

detectives across Indiana (fall 2011).  We are working with the Indiana State Police to 

handle the distribution of the tool to law enforcement personnel because identification 

verification is required for use.  There are currently approximately 30 users and nearly 

700 graffiti images within the GARI database. 

 Penn State has received complementary funding from the National Geospatial-

Information Agency and the US Army Corps of Engineers to continue development of 

SensePlace2 involving social media data. The research team continues to work actively 

with personnel in the Harrisburg Bureau of Police to refine the CrimeViz  web-mapping 

software for their use and distribute the tool more broadly.  In addition, Penn State 

launched a public-facing SymbolStore and is collaborating with SBIR partners at 
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Charles River and Physical Optics, along with PNNL, to begin to transition the tool to a 

larger audience. 

 COE Explorer continues to be a joint project between VACCINE and CCICADA and 

has received accolades from DHS for its usefulness with investigators, program officers 

and policymakers.  Current and future improvements to the tool include social network 

analysis, improved quality and contents of the dataset being visualized, and providing 

textual content. 

 We continue to develop our relationship with the US Coast Guard and expand use of 

the Coast Guard Search And Rescue Visual Analytics (cgSARVA) technology to 

other areas of the Coast Guard.  The cgSARVA technology was utilized in analyzing 

swimmer deaths and also provided information used for the Coast Guard swimmer and 

boating safety public information campaign in 2011 and for the number of patrols used in 

2011, leading to a significant decrease in deaths in 2011.   

 VACCINE, in conjunction with the CREATE Center, analyzed the PROTECT model 

for security patrols in Boston and made recommendations for improvements for 

deployment in New York City.  

 cgSARVA was used to determine the allocation of resources during Hurricane Irene  

which occurred along the east coast in the summer of 2011. The Coast Guard initially 

discussed diverting resources from the Great Lakes area to the east coast, but the data 

from cgSARVA indicated that there was a demonstrated need to keep this region fully 

resourced at that time and to draw the resources from another region. 

 As part of the COAST project, we continued work to develop the cgSARVA suite of 

tools that can be used to analyze all Coast Guard operations across the United States, 

based on module-based relationships. 

 We continue to develop a relationship with the Coast Guard Sector Puget Sound 

Leadership, through our partners at the University of Washington, and hope to become 

involved in future projects, depending on funding. 

 VACCINE also developed visual analytics tools to analyze the effects of closing Port 

Arthur, TX in 2011, including the economic impact and the effectiveness of alternative 

mitigation strategies.  VACCINE worked closely with the CREATE center to study local 

and national impact of port closures of varying lengths. 

  Our mobile phone hazardous material app (MERGEðMobile Emergency Response 

Guide) was delivered to TSA to be used in railcar inspections. Our tool allows a first 

responder to take a picture of the placard on a railcar or truck containing hazardous 

materials. It identifies the materials and provides response instructions quickly and 

simply. The information provided is tailored to the expertise level of the user, such as a 

police officer with minimal training (e.g., stand back 500 ft and call personnel with 

hazmat suits) to a fire fighter hazmat crew (e.g., treatment material, remediation 

protocols).  MERGE was used in an exercise with Carroll County Emergency 

Management (IN) personnel which demonstrated that first responders could identify the 

appropriate response protocol much more quickly using MERGE than the standard 

emergency response guidebook. 
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 The Travel Response Investigative Profiler, better known as TRIP , was developed to 

understand the movement behaviors and spatio-temporal patterns of individuals. This 

technology was presented by the Indiana Intelligence Fusion Center as one of the ñFast 

Trackò presentations at the National Fusion Center Training Event in Phoenix. Future 

research may lead to modeling an individualôs movement pattern based on correlation 

analysis among individual movements and infrastructures. 

 In collaboration with NCFPD, research was conducted by the VACCINE team on the 

possible correlation between animal and human health, based on a study of the effect 

of seasonal influenza and its correlations with different companion animals (dogs, cats) 

syndromes within the Indianapolis area. The study indicated a moderate correlation 

between dogs and humans within this geographic area and suggests a future direction to 

investigate further links. 

 The University of North Carolina at Charlotte has delivered an evacuation decision 

support system and Urban Emergency Response search and command center tools 

to the UNC Charlotte Police and Public Safety Department. The tools have been used in 

the Canada-US Experiment Resiliency Environment demonstration in Seattle at which 

DHS managers were in attendance.   

 An improved prototype system and iPad application based on Florida Internationalôs 

ñIntegration Framework for Enhancing Emergency Responseò system continue to be 

evaluated by personnel at Miami-Dade Emergency Management (MDEM), and future 

pilot activities are planned as part of the evaluation process. 

 Simon Fraser University has received financial support from PSTP (Public Security 

Technical Program) for their collaboration with the City of Richmondôs emergency 

management.  Two workshops on social media for emergency managers were held and 

both reached maximum capacity. 

 We continue to develop our network of Minority Serving Institutio ns for engaging in 

visual analytics and network security research and education. Morgan State University, 

University of Houston-Downtown and Navajo Technical College are official partners, 

and Tennessee State University and Fayetteville State University have expressed interest 

in collaborating with us on individual projects and proposals. Through Richard Aloôs 

connections with California State-Dominguez Hills, undergraduate students participated 

in affinity research groups this past year to become involved in specific research projects. 

In September 2011, we hosted a workshop in Banff, Canada, for the purpose of further 

developing interest in visual analytics within Canadian institutions and organizations. We 

worked closely with a number of Canadian universities and VIVA (Vancouver Institute for 

Visual Analytics) to organize the agenda around topics of specific interest to Canadian 

organizations, and 40 participants attended the workshop.  As a result, three seed grant awards 

were given to fund follow-on workshops and networking efforts. The titles of the three 

workshops/networking events selected are Visualization and Policy Making:  Theoretical and 

Empirical Explorations , Univ. of British Columbia and Simon Fraser University; Financial 

Systemic Risk Analysis, Univ. of British Columbia; and Personal Visual Analytics, Univ. of 

Victoria, Univ. of Calgary, and Dalhousie University.
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   VACCINE Accomplishments                                                               

(April 1, 2011 ï March 31, 2012) 

Research Themes 38 

Education Themes 6 

Seed Projects Funded 5 
Peer-reviewed/Refereed Journal Articles/Publications/Papers 82 

Presentations 63 

Other Reports 18 

Scholarly Journal Citations of Published Reports 390 

Student Theses 5 

Patents (applied and awarded) 9 

Graduate Students Participating in VACCINE Programs 50 

Minority Students Participating in VACCINE Programs 9 

HS-STEM Student Theses 2 

HS-STEM Students Enrolled 9 

K-12 Student Participation 30 

VAST Challenge 2010 Awards 6 

Period 3 Base Funding $1,399,808 

Additional DHS Funding (BOA, Supplemental, etc.) $640,823 
Funding from other Agencies Leveraged $5,552,974 
VACCINE, Limited Liability Corp. Funding $40,000 
Total of all Funding $7,633,605 

 

Figure 3: Summary of VACCINE Accomplishments 
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C. Business Model and Management Scope 

The role of developing detailed operational requirements is critical for the successful 

transition of technologies into the various homeland security fields. The VACCINE 

Center of Excellence recognizes the need for significant end-user-in-the-loop 

involvement in the entire life cycle development process.  The VACCINE team has 

refined our business model (Figure 4) with the goal of connecting homeland security 

researchers with the first responder community.  Understanding the requirements of our 

end-users is key to the research and development of technologies that can be transitioned 

to the broader public safety community.  Our Public Safety Consortium consists of a 

number of law enforcement, fire, and emergency management agencies that allow data to 

be shared and research conducted, furthering the development of next generation 

homeland security technologies.   

 

The Consortium provides a framework where VACCINE can deploy its tools to the 

various agency members, and our end-users provide in-field or real world evaluation 

feedback on their requirements.  The group meets regularly to discuss ongoing 

requirements to technology being developed, improvements to technologies that have 

been deployed and are being evaluated, as well as to brainstorm tools that are needed.  

VACCINE sees this Consortium as a resource that can be utilized by not only VACCINE 

but also DHS S&T.  The Public Safety Consortium continues to grow, and VACCINE 

has recently reached out to other states outside the State of Indiana to engage their public 

safety professionals in our discussion of new technologies.   Our ultimate goal is to 

develop technologies that have been vetted and verified by having end-users in the 

development process.  Technologies that have been designed in this fashion will be able 

to transition across a larger community of end-users geographically.  
 

 
 

 Figure 4: VACCINE Business Model 

 Return 
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Our team has a strong collaboration history and experience that is essential to foster 

internal collaboration, as well as collaboration with CCICADA, other DHS COEs, 

government agencies, field personnel, and other researchers. Our Centerôs management 

organization has three components: management staff, a leadership board, and a senior 

external advisory board.  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:  

 

 Center Director and Research Director ï 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 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.  

 

 Director of Education and MSI Programs ï Richard Alo 

In 2010, Dr. Alo became the Education Director for VACCINE. In this capacity, he 

oversees and directs the education strategy. Dr. Alo also oversees the integration of 

minority serving institutions into VACCINE research and education 

initiatives. Dr. Alo has served on several advisory and executive boards, 

including: 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. Dr. Alo was selected as the 2002 Educator of the Year by the Hispanic Engineer 

National Achievement Awards Conference.  
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 Education Advisor ï John Stasko  

In order to focus more on teaching and research, Dr. John Stasko assumed an advisory 

role for VACCINEôs education programs. John received his 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 at Georgia Tech in 

1989, and his primary research area is human-computer interaction.  

 

 

 

 

 Managing Director ï 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 Engagement and Education ï Sally Luzader 
 Sally Luzader is Assistant Director of Engagement and Education for the VACCINE 

Center. She manages all education initiatives and serves as the communications point of 

contact for DHS.  Prior to coming to VACCINE, Sally served as Associate 

Director of Employer Relations in Krannert Graduate Career Services in 

the Krannert School of Management (Purdue); she also worked with the I-

STEM Resource Network as the Manager of the Science Initiative. Sally 

earned her bachelorôs degree in Communications from Miami University 

and a Master of Arts in Higher Education from The Ohio State University. 

She has worked in undergraduate admissions at Miami University, MBA 

admissions and career services (University of Cincinnati), graduate admissions (C.W. 

Post), academic advising (Univ. of Southern California), executive education (Indiana 

University) and student affairs/recruitment for the College of Engineering and Applied 

Sciences at Stony Brook University on Long Island.  

. 

 Center Coordinator and Administrative Assistant ï Deb Denno 

Deb Denno serves as the Center Coordinator and Administrative Assistant 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 has a wealth of experience in business 

administration, including accounting, and is currently pursuing a degree in 

accounting.  Deb worked for a large fuel company in Fort Worth, Texas 

before moving to Indiana in 2004.  She began working for a local 
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Lafayette company and handled all accounting responsibilities.  In 2007, Deb joined the 

Purdue Discovery Park team where she worked in the business office and was 

responsible for several multi-million dollar grant portfolios before transferring to her 

current position in July of 2011. 

  

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 Leadership Board 

oversees the Seed Project review panel, advises on research, education, and outreach 

decisions and reviews and approves yearly Center plans.  

 

 David Ebert (permanent) 

 Timothy Collins (permanent) 

 John Stasko (permanent) 

 Kelly Gaither (term) 

 Brian Fisher (term) 

 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. Current membership includes: 

 

 Don Brackman 

President, National White Collar Crime Center 

 Chief John Buckman 

Past President, International Association of Fire Chiefs 

 Dieter Fellner 

Professor and Director, Technical University of Darmstadt & Fraunhofer 

Institute of Computer Graphics 

 David Kasik 

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 
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 Randall Murch 

PhD, Associate Director, Center for Technology, Security and Policy and Adjunct 

Professor, Virginia Tech 

 Haesun Park 

Professor, Georgia Institute of Technology 

 Kathy Smarick 

National Consortium for the Study of Terrorism and Responses 

 Andrew Vallerand 

Director, Public Security Technical Program 

 Leland Wilkinson 

Executive Vice President of SYSTAT Software 

 Tom Wyss  

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

for Homeland Security Advisory Council 
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II.  Research and Development Scope 

The overall goal of VACCINE Center research is to create, deploy, evaluate and deliver 

innovative and effective integrated data and visual analytic environmentsðframeworks, 

methods, and softwareðthat 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 continue the successful deployment, scalability, and usability of developed technologies, 

we again focused on six research themes that integrated end-users from the beginning to the 

end of each specific project.  Having our customers directly integrated with our projects 

allows them to provide input, project instigation, and relevant feedback and transition paths 

for DHS technology transfer. The specific projects were intended to be 12 to 36 months in 

duration with a clearly defined deliverable. 

 

Theme 1: Public Safety Coalition Projects (state or local law enforcement, fire, emergency 

 management, etc.) 

Theme 2: Federal Operating Component Projects (TSA, FEMA, Secret Service, ICE, 

  CBP, USCIS, Coast Guard) 

Theme 3: Enterprise Resiliency Environments 

Theme 4: Event Evacuation  

Theme 5: Visual Analytics for Security Applications (VASA) 

Theme 6: International Collaborations 

 

All of the projects associated with these themes 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. Moreover, to achieve our goal 

of creating this visualization and analytics environment, our research plan is based on three 

foundational research areas that form our framework for addressing DHS mission directives: 

Interactive Visual Analytic Foundations, Visually-Adapted Analytical Techniques, and 

Investigative Analysis and Decision Making Environments.  

 

For various logistical, DHS direction, and timing reasons, Themes 3, 4, 5 and 6 were  

delayed during Year 3. We, therefore, focused on Themes 1 and 2.  Theme 4, VASA, will be 

pursued in Year 4. The following is a list of research highlights that occurred during Year 3. 

 Return 
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Detailed descriptions of individual research projects can be found in Part VI, Research 

Projects and Descriptions (listed by institution).   

 

Theme 1: Public Safety Coalition Projects (representative projects) 

 

 VACCINE continued building our multi -agency public safety consortium with 

organizations within the state of Indiana and developing new relationships with 

organizations such as the Indiana Intelligence Fusion Center. A Memorandum of 

Understanding was also negotiated with the Ohio Department of Public Safety, which 

includes the Ohio Dept. of Homeland Security and the Ohio State Highway Patrol. We 

also have public safety partners in other states such as the Charlotte-Mecklenberg Police, 

UNC Charlotte Police and UNC Public Safety Department in North Carolina; the 

Harrisburg Police in Pennsylvania; and the Miami-Dade County Department of 

Emergency Management in Florida, who work with our partner institutions. 

 Our Visual Analytic Law Enforcement Toolkit (VALET)  continues to be used in the 

Lafayette, West Lafayette, and Purdue Police Departments, Indianapolis Police 

Department, and the Tippecanoe County Sheriffôs Office.  We continue to receive input 

and feedback and make adjustments to the technology. Steve Hawthorne, crime analyst 

for the Lafayette Police Department, presented VALET at the International Association 

of Crime Analysts Conference in September, 2011. The mobile version of VALET 

(iVALET)  was delivered to the Purdue and West Lafayette Police Departments in 

October, 2011.  The Ohio State Highway Patrol and TSA have also expressed an interest 

in utilizing VALET within their organizations 

 VALET was also used for analysis and presentation of high-risk alcohol behavior in the 

Purdue campus area, working with Purdue Student Health, Housing, EMS/Fire, and 

Police members.  A presentation was given to campus representatives at the annual 

Alcohol Summit held at Purdue University. The resulting findings and analysis are being 

integrated into educational and enforcement programs at Purdue. 

 Jigsaw is being used by the Indianapolis Police Department, the West Lafayette Police 

Department, the Rock Hill Police Department (SC), and the Lafayette Police Department.  

Purdue has an undergraduate student working part-time in the West Lafayette Police 

Department to assist them in solving cold cases utilizing Jigsaw. Currently, over 150 

people and organizations have downloaded the system, including Air Force Intelligence, 

AFRL Wright Patterson, Army Counterintelligence, Boeing, Deloitte, Naval Research 

Lab, NCIC, PayPal, Thomson Reuters, United Nations Investigators Office, US 

Attorneyôs Office Organized Crime Taskforce, as well as numerous newspapers and 

police departments. 

 GARI (Gang Graffiti Automatic Recognition) is being used by the Indianapolis 

Metropolitan Police, the Indiana Fusion Center Gang Task Force and gang detectives 

across Indiana (fall 2011).  We are working with the Indiana State Police to handle the 

distribution of the tool to law enforcement personnel because identification verification is 

required for use.  There are currently approximately 30 users and nearly 700 graffiti 

images within the GARI database. 

 Return 
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 Penn State has received complementary funding from the National Geospatial-

Information Agency and the US Army Corps of Engineers to continue development of 

SensePlace2 involving social media data. The research team continues to work actively 

with personnel in the Harrisburg Bureau of Police to refine the CrimeViz  web-mapping 

software for their use and distribute the tool more broadly. 

 Our mobile phone hazardous material app (MERGEðMobile Emergency Response 

Guide) was delivered to TSA to be used in railcar inspections. Our tool allows a first 

responder to take a picture of the placard on a railcar or truck containing hazardous 

materials. It identifies the materials and provides response instructions quickly and 

simply. The information provided is tailored to the expertise level of the user, such as a 

police officer with minimal training (e.g., stand back 500 ft and call personnel with 

hazmat suits) to a fire fighter hazmat crew (e.g., treatment material, remediation 

protocols).  MERGE was used in an exercise with Carroll County Emergency 

Management (IN) personnel and demonstrated that first responders could identify the 

appropriate response protocol much more quickly using MERGE than the standard 

emergency response guidebook. 

 The University of North Carolina at Charlotte has delivered an evacuation decision 

support system and Urban Emergency Response search and command center tools 

to the UNC Charlotte Police and Public Safety Department. The tools have been used in 

the Canada-US Experiment Resiliency Environment demonstration in Seattle at which 

DHS managers were in attendance.   

 An improved prototype system and iPad application based on Florida Internationalôs 

ñIntegration Framework for Enhancing Emergency Responseò system continue to be 

evaluated by personnel at Miami-Dade Emergency Management (MDEM), and future 

pilot activities are planned as part of the evaluation process. 

 The Travel Response Investigative Profiler, better known as TRIP , was developed to 

understand the movement behaviors and spatio-temporal patterns of individuals. This 

technology was presented by the Indiana Intelligence Fusion Center as one of the ñFast 

Trackò presentations at the National Fusion Center Training Event in Phoenix. Future 

research may lead to modeling an individualôs movement pattern based on correlation 

analysis among individual movements and infrastructures. 

 In collaboration with NCFPD, research was conducted by the VACCINE team on the 

possible correlation between animal and human health, based on a study of the effect 

of seasonal influenza and its correlations with different companion animals (dogs, cats) 

syndromes within the Indianapolis area. The study indicated a moderate correlation 

between dogs and humans within this geographic area and suggests a future direction to 

investigate further links. 
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Theme 2: Federal Operating Component Projects (representative projects) 

United States Coast Guard 

 

 We continue to develop our relationship with the US Coast Guard and expand use of 

the Coast Guard Search And Rescue Visual Analytics (cgSARVA)  technology  to 

other areas of the Coast Guard.  The cgSARVA technology was utilized in analyzing 

swimmer deaths and also provided information used for the Coast Guard swimmer and 

boating safety public information campaign in 2011 and for the number of patrols used in 

2011, leading to a significant decrease in deaths in 2011.   

 CgSARVA was used to determine the allocation of resources during Hurricane Irene  

which occurred along the east coast in the summer of 2011. The Coast Guard initially 

discussed diverting resources from the Great Lakes area to the east coast, but the data 

from cgSARVA indicated that there was a demonstrated need to keep this region fully 

resourced at that time and to draw the resources from another region. 

 VACCINE, in conjunction with the CREATE Center, analyzed the PROTECT model 

for security patrols in Boston and made recommendations for improvements for 

deployment in New York City.  

 VACCINE also developed visual analytics tools to analyze the effects of closing Port 

Arthur,  TX  in 2011, including the economic impact and the effectiveness of alternative 

mitigation strategies.  

 As part of the COAST project, we continued work to develop the cgSARVA suite of 

tools that can be used to analyze all Coast Guard operations across the United States, 

based on module-based relationships.  We also continued to develop a relationship with 

the Coast Guard Sector Puget Sound Leadership and hope to become involved in future 

projects, depending on funding. 

 VACCINE was awarded the Commander Atlantic Areaôs Excellence Coin, a 

prestigious award presented by the US Coast Guard, in recognition of our work with 

District 9 in search and rescue/resource allocation and District 1 in conjunction with  the 

PROTECT project. 

 

In summation, VACCINEôs research, while focused on delivering technological value to our 

customers, is also able to extend the state of the art in many areas including the following: 

 

 Theoretical work in the science of analytical reasoning 

 Fundamentals of visual representations for multisource, uncertain, temporally evolving, 

and conflicting data  

 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 

 Mobile visual analytics for real-time applications 

 Novel spatiotemporal modeling, detection, and prediction techniques 

 New multisource correlation and visual analysis techniques (e.g., linked animal and 

Return 
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human health surveillance) 

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

applications 

 Novel population distribution adaptive cluster detection and aberration detection 

techniques  

 Novel synthetic data generation techniques for spatiotemporal data streams that match 

observed statistical properties of source data but are completely anonymized 

 Adapted presentation methods for actionable decision making for a diverse set of users  
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III.  Education Programs and Outcomes 

During Year 3, VACCINEôs educational initiatives focused primarily on undergraduate and 

graduate level work (including work with MSI institutions) and professional education and 

training programs, with a lesser focus on K-12 education (primarily done by CCICADA).  The 

VACCINE mission is to educate current Homeland Security stakeholders and the next generation 

of talent and enable them to make effective decisions from the mass of multisource, multimedia 

data they will face in their careers.   

 

In addition to the established programs, VACCINE focused on various activities such as 

attendance at conferences and presentations to groups in order to promote VACCINE efforts and 

get support and participation for VACCINE in Year 4 and beyond.  The education group has also 

submitted several proposals to further increase funding opportunities and future program 

development.  Throughout all of these efforts, VACCINE and CCICADA have maintained a 

collaborative relationship with monthly conference calls and sharing of relevant information. 

 

The new Assistant Director for Engagement and Education came on board in late May, 2011, 

and educational activities for Year 3 resumed shortly after. 

Minority and Underserved Programs 

VACCINE has five official MSI partners:  California State University-Dominguez Hills, Florida 

International University, Morgan State University, Navajo Technical College, and University of 

Houston-Downtown.  We have been approached by Tennessee State University and Fayetteville 

State University with regard to collaborating on specific projects and/or grant proposals, and we 

will continue to work with these institutions in Year 4. 

From an overview perspective, these are the general accomplishments that VACCINE oversaw 

within its MSI education programs.  

 VACCINE agreed to be a host for the 2012 DHS Summer Research Team Program for 

Minority Serving Institutions and received approximately 23 applications from MSI 

institutions for a faculty/student team to participate a research project with a VACCINE 

faculty member for the summer of 2012.  We had one team accepted from the University of 

Houston-Downtown, but the applicant had to cancel due to the withdrawal of the student who 

had planned to participate.  We will again serve as a possible host for 2013. 

 

 Richard Alo, from the University of Houston-Downtown, continued in his role as Assistant 

Director of MSI Education for Year 3. In this position, he worked with several MSI 

institutions, including California State University-Dominguez Hills and Navajo Technical 

College, to develop affinity research groups in which undergraduate students were involved 

in public safety-related research projects.   

 

 Return 
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 We continued to develop our relationship with Navajo Technical College (NTC) and began 

working with Tom Davis as our primary contact. Dr. David Ebert and Dr. Richard Alo 

traveled to NTC in the spring of 2012 to meet with faculty to discuss the development of a 

plan in which VACCINE can collaborate with NTC.  Navajo Tech plans to submit a proposal 

for seed grant funding for Year 4 that falls under one or more of the E2E-related projects. 

 

 Tim Collins and Richard Alo traveled to Houston in the fall of 2011 to meet with faculty and 

students from Houston Community College.  Tim Collins gave a presentation regarding 

VACCINE and career opportunities within the field of homeland security. 

 

 Morgan State University brought 15 undergraduate students from a variety of academic areas 

to the Purdue campus in June 2011 for an intensive two-week internship, as part of the 

Department of Homeland Security (DHS) Scientific Leadership Bridge Award (SLBA) for 

Minority Serving Community Colleges.  Students stayed on campus in residence halls and 

attended lectures, visited various labs on the Purdue campus and participated in exercises 

relating to visual analytics.  Student groups gave presentations at the end of the internship 

period utilizing visual analytics concepts and tools within case studies.  When the students 

returned to Baltimore, they organized a workshop for Baltimore teachers and demonstrated 

how visual analytics could be incorporated into the teachersô curriculum and classroom 

activities. 

 

 Florida International University, which has a large population of Latino and African-

American students, continued to conduct research activities in visual analytics and involve 

undergraduate and graduate students in their research activities. 

 

K -12 Program 

VACCINE limited its interaction in K-12 activities at the suggestion of DHS at the end of Year 

2.  Students from the HS-STEM program visited Principles of Engineering classes at a local high 

school and presented information on their research, visual analytics and connections to homeland 

security.  As a follow-up, 30 students from the school came to campus for half a day to tour our 

visual analytics labs and learn about the research taking place through VACCINE.  The teacher 

was very impressed and we plan to do a similar visit next year. 

 Return 
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Undergraduate/Graduate Course Program 

A. HS-STEM Career Development Program  

The HS-STEM Career Development program is a competitive program funded through DHS that 

was established at Purdue in 2007 under David Ebert.  Purdue offered fellowships to seven 

graduate students in 2007, three graduates and one undergraduate student in 2008, and three 

graduate students in 2010.  Since we still had openings under the 2010 HS-STEM grant in 2011 

and 2012, we continued to recruit new students.  The Assistant Director of Engagement and 

Education met with individuals, including graduate advisors, in specific departments on the 

Purdue campus to make them aware of the program and enlist their assistance in telling current 

and prospective students about the program.  She also met with the admissions office in the 

graduate school, and letters were sent to graduate students who were applying and/or had been 

admitted to specific graduate programs and met the required criteria, encouraging them to apply 

for the program.  Current HS-STEM students spoke at an information session for prospective 

students and gave their perspective of the program.  Specific undergraduate clubs were targeted 

and information was provided to them about the HS-STEM program. VACCINE partner schools 

were also notified and encouraged to have qualified students who planned to attend graduate 

school apply for the program.  As a result of these recruitment efforts, we have added four new 

students to the program, including one who started in January 2012 and three who will enter in 

fall of 2012.  VACCINE has applied for a continuation of funding through a proposal for the HS-

STEM 2012 program. 

 

Outlined below are the 2011 annual reports for the HS-STEM I (2007) and HS-STEM II (2008) 

programs, which finished in September 2011. 

 

 

HS-STEM I (2007 Grant) Career Development Program Activities 

Annual Summary 2011 (Oct. 1, 2010-Sept. 30, 2011) 

 

Summary:  In December of 2010, the program manager for the HS-STEM program at 

VACCINE took another position on campus and the position in VACCINE was left vacant until 

May 31, 2011.  Due to this situation, some of the regular activities of the program were 

suspended for the spring semester of 2011 but were resumed beginning in the fall of 2011. There 

have also been some changes in the calendar of events for DHS which have  altered the timing of 

some activities that have occurred in previous years.  We are now continuing to do our monthly 

lunches, semester reporting and outreach activities and have resumed a regular schedule for our 

students.  The students from the 2007 grant are all graduate students, most of whom are PhD 

students focusing on research. 
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Monthly HS-STEM Lunches 

 Held once each month in the VACCINE lab; HS-STEM students, their advisors and other 

university personnel associated with the program (such as University Collections and 

Sponsored Programs) are invited to attend. 

 One student is featured each month and presents information on his/her research and its 

relevance to Homeland Security. 

 Information sharing: participants talk about upcoming events and activities on- and off-

campus that are relevant, VACCINE staff share information about new projects and 

clients, and students/advisors share issues of concern. 

Presentations and Posters 

 Students are encouraged to do presentations and present posters at conferences and 

meetings both on and off campus.  These activities are highlighted in each studentôs 

semester report (attached). 

Reporting 

 Students/advisors submit reports to the VACCINE program manager at the end of each 

semester in May and December. 

 Annual reports are sent to DHS in December of each year and current studentsô  semester 
reports are included in the annual report.  We also provide an overall summary of the 

program in our annual VACCINE report to DHS in June each year. 

HS-STEM Graduates/Career Update 

 David Blunck graduated in Aug. 2010 with a PhD in Mechanical Engineering and is 

employed at the Air Force Research Laboratory in OEhio. 

 Laura Hughes graduated in Aug. 2010 with a PhD in Biology and is employed by the 

Emory Vaccine Center in Atlanta, GA.  

 Karla Combs completed her PhD in Biology in May 2010 and is working as the Public 

Health Emergency and Bioterrorism Coordinator in Allegan, MI. 

 Ross Maciejewski recently took a position with Arizona State University as a full-time 

faculty member in engineering. 

 Shawn McKay is employed by the Rand Corporation. 

 Samuel Liles will graduate with a PhD in Technology in May 2012 and is teaching at the 

National Defense University. 

 Bryan Sims completed his year of service at Idaho National Labs and will return to 

Purdue in the spring semester of 2012 to complete his PhD in Nuclear Engineering. 
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Outreach 

 A presentation was given by an HS-STEM student to science students at a local high 

school to promote interest in STEM disciplines, visual analytics and VACCINE.  The 

student discussed his research and its applicability to Homeland Security and visual 

analytics. 

Goals for 2012 

Since most of the students from this group have graduated or are no longer on campus (one 

remaining student yet to graduate but no longer here on campus), they are no longer participating 

in regular events.  When Samuel Liles graduates in May of 2012, he will already have completed 

his year of service and we will process the paperwork for his loan forgiveness through Purdue.  

He will also submit a final student report at that time, which we will pass on to DHS.  As of May 

2012, the students on this grant will all have completed their requirements for the program. We 

hope to develop an alumni network so that current and future students can contact alumni with 

regard to questions about the program, suggestions for internships or year of service experiences, 

etc. 

 

HS-STEM II (2008 GrantðAgreement #2008-ST-104-000015) 

 Career Development Program 

Annual Summary 2011 (Oct. 1, 2010-Sept. 30, 2011) 

 

Summary:  In December of 2010, the program manager for the HS-STEM program at 

VACCINE took another position on campus and the position in VACCINE was left vacant until 

May 31, 2011.  Due to this situation, some of the regular activities of the program were 

suspended for the spring semester of 2011 but were resumed beginning in the fall of 2011.  There 

have also been some changes in the calendar of events for DHS which have altered the timing of 

some activities that have occurred in previous years.  We are now continuing to do our monthly 

lunches, semester reporting and outreach activities and have resumed a regular schedule for our 

students.   

The majority of students from the 2008 grant are graduate students, most of whom are PhD 

students focusing on research.  We did have one undergraduate in this group who is now enrolled 

in a PhD program at Harvard.  Only one student from this group is still on campus, Daniel 

Richardsonðthe others have graduated or are completing their program off campus so are not 

able to participate in many of the activities listed below. 

HS-STEM Graduate/Career Update 

 Rachel Beard is completing her PhD in Virology and will graduate in December of 

2012.  She is currently doing research at Wake Forest. 

 Nwokedi Idika graduated with a PhD in Computer Science in Aug. 2010 and is currently 

completing his year of service at MIT Lincoln Labs.  His program will be completed in 

February of 2012. 
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 Daniel Richardson will graduate in May 2012 with a PhD in Mechanical Engineering.  

He will do his year of service following graduation, possibly at the Air Force Laboratory 

in Ohio or Sandia National Lab in CA. 

 Tyshia Gwin completed her undergraduate degree in biology in May 2011.  She is now 

enrolled in a PhD program at Harvard and will graduate in 2016 and complete her year of 

service after graduation or during her graduate work. 

Monthly HS-STEM Lunches 

 Held once each month in the VACCINE lab; HS-STEM students, their advisors and other 

university personnel associated with the program (such as University Collections, who 

administer the forgivable loan program, and Sponsored Programs) are invited to attend. 

 One student is featured each month and presents information on his/her research and its 

relevance to Homeland Security. 

 Information sharing:  participants talk about upcoming events and activities on- and off-

campus that are relevant, VACCINE staff share information about new projects and 

clients, and students/advisors share issues of concern. 

Presentations, Publications  and Posters 

 Students are encouraged to do presentations and present posters at conferences and 

meetings, both on and off campus.  Many of the students publish papers in journals or 

publications specific to their academic discipline.  These activities are highlighted in each 

studentôs semester report. 

Reporting 

 Current students (and some advisors) submit reports to the VACCINE program manager 

at the end of each semester in May and December. 

 Annual reports are sent to DHS in December of each year and current studentsô most 
recent semester reports are included in the annual report.  We also provide an overall 

summary of the program in our annual VACCINE report to DHS in June of each year. 

 Tyshia Gwin, who finished her coursework at Purdue in May 2011 and is now in 

graduate school at Harvard, will submit another final report encompassing her total 

experience when she completes her year of service in 2017 or 2018. Daniel Richardson 

will submit a final report when he completes his year of service in 2013, and Nwokedi 

Idika will do his final report in February of 2012 when his year of service is completed. 

Outreach 

 A presentation was given by an HS-STEM student (Daniel Richardson, 2008 group) to 

science students at a local high school to promote interest in STEM disciplines, visual 

analytics and VACCINE.  The student discussed his research and its applicability to 

Homeland Security and visual analytics. 

Goals for 2012 

In February of 2012, we will work with Nwokedi Idika to complete his paperwork for the 

forgiveness of his loan at Purdue, and he will then have met all requirements for the program.  

We will monitor the year of service for Daniel Richardson after his graduation in May 2012 and 

follow up with him when he completes this requirement.  We will keep in touch with Tyshia 
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Gwin at Harvard, and we will monitor her year of service when she graduates in 2016.  We will 

work with Rachel Beard as she completes her degree in December of 2012 and will also monitor 

her service requirements after graduation.  We hope to develop an alumni network so that current 

and future students can contact alumni with regard to questions about the program, suggestions 

for internships or year of service experiences, etc. 

Milestones 

Milestones for VACCINE Period 3 ï  

HS-STEM Career Development Program 

04/01/11 ï 03/31/12 

Quarterly  

Present in High School Classrooms X  X  

Attend monthly UP conference Calls X X X X 

Monthly lunches ( highlight one student/month) X X X X 

 Job recommendations /  placements  for students X X X X 

Program Outcomes  

To date, fifteen students at Purdue University have been funded through the HS-STEM Career 

Development program and three additional students will begin the program this coming fall.  The 

program is led by Dr. David Ebert, Director of VACCINE and managed by Sally Luzader,  Asst. 

Director of Engagement and Education. Eight students have graduated with Masterôs or PhDs 

and have gone on to continue work in homeland security fields, and several more are scheduled 

to graduate later in 2012.  

B.  SURF/VAST Program 

Purdue University hosts students every summer as part of the SURF (Summer Undergraduate 

Research Fellowship) Program, in which approximately 150 students from institutions all over 

the country come to Purdue for 11 weeks to work in individual labs and conduct research.  

VACCINE can support up to five students for this program, and we call our program VASP 

(Visual Analytic Summer Program).  In the summer of 2011, VACCINE hosted three studentsð

two from Purdue and one from Louisiana State University.  The students worked in the 

VACCINE lab at Purdue on individual projects, including cgSARVA, GARI (specific Android 

applications) and the development of typographic maps.  The Assistant Director of Engagement 

and Education advertised this program to all of the VACCINE partner institutions beginning in 

December and encouraged them to have their undergraduate students apply for the program for 

the summer of 2012. 

C. Virginia Tech 

Virginia Techôs project on ñCollocated Collaborative Visual Analyticsò involved two 

undergraduate female and one graduate female computer science students who were  involved 

with the research on the project.  As a result, the two undergraduates plan to pursue graduate 
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research opportunities and the graduate students received an offer for a summer internship at 

PNNL to continue research related to the project. 

D.  University of Houston-Downtown 

Twenty-six undergraduate students, including 14 supported students, from Univ. of Houston-

Downtown, Navajo Tech and Cal State-Dominguez Hills participated in the VACCINE Affinity 

Research Groups organized by Richard Alo.  These were students from a combination of 

statistics, math and computer science.  As a result of participation in this project, students gained 

research and collaboration experience and submitted posters and publications for the Student 

Research Day Conference at Cal State-Dominguez Hills. 

E. VAST Challenge 2011 

The VAST Challenge is a participation category of the IEEE VAST 2011 Symposium (part of 

VisWeek 2011). The VAST 2011 Challenge continued in the footsteps of previous contests  

(since 2007) with the purpose of pushing the forefront of visual analytics tools using benchmark 

data sets and establishing a forum to advance visual analytics evaluation methods. Another goal 

of the VAST Challenge is to speed the transfer of VA technology from research labs to 

commercial products, and increase the availability of evaluation techniques. 

In order to provide more opportunities for increased participation, the VAST Challenge is 

comprised of an overall Grand Challenge as well as three smaller Mini Challenges.  

Teams may enter one or more mini Challenges independently of entering the Grand Challenge. 

ALL  teams submitting an entry to a VAST Challenge will be invited to discuss their work during 

a challenge workshop.  

Entries are judged on both the correctness of the analysis (based on the availability of ground 

truth) and the utility of the tools in conducting the analysis. Participants have several months to 

prepare their submissions. The themes for the 2011 VAST Challenge were: 

Mini Challenge 1: Characterization of an Epidemic Spread 

  

Mini Challenge 2: Computer Networking Operations at All Freight Corporation 

  

Mini Challenge 3: Investigation into Terrorist Activity 

  

Grand Challenge: Cause and Effect 

 

Georgia Institute of Technology received an award for Mini Challenge 3 for ñGood Use of the 

Analytic Process.ò  Simon Fraser University had two student papers receive the ñBest Student 

Entry, Discovery Exhibitionò award which is given for the best real-world application of 

visualization by a student; the papers were ñImproving Airline Safety: Tableau and Bird Strikesò 

and ñData Visualization of Immunological Competence of HIV Exposed but Uninfected 



28 

 

Infants.ò  The University of North Carolina-Charlotte received the ñHigh Potential for 

Scalability Awardò for their entry on ñLog Visualization.ò  Virginia Tech  received the ñBest 

Use of Large Displayò award for their presentation titled ñAnalysts Workspace.ò 

  

Professional Training 

 

A. Simon Fraser 

Simon Fraser University in Canada held two workshops on social media for emergency 

managers, and both reached maximum capacity with regard to attendance. 

B. Banff Workshop 

VACCINE sponsored a two-day workshop in Banff, Canada in September, 2011 for Canadian 

researchers, policy makers and industry experts to promote the study and use of visual analytics 

among Canadian organizations and institutions. Forty people attended, representing 21 

Canadian/US institutions and organizations.  Topics were decided by the Canadian institutions 

and focused on those areas determined to be of the most relevance to this group:  Safety and 

Security; Financial Risk, Business Intelligence; HealthðRecords and Research; Astrophysics; 

and Oil/Gas and Geomatics.  Each topic followed the same formatðoverview and general panel 

discussion of the topic (including industry experts); small focus group discussion to generate 

ideas for the specific industry/topic; and general discussion of the entire group.  At the 

conclusion of the workshop, a general discussion was held to generate ideas and topics for future 

projects and seed grant proposals, which were funded by VACCINE.  Seven proposals were 

generated and three were selected: 

Visualization and Policy Making:  Theoretical and Empirical Explorations (workshop)ð

Univ. of British Columbia and Simon Fraser University 

Financial Systemic Risk Analysis (workshop)ðUniv. of British Columbia 

Personal Visual Analytics (networking and workshop)ðUniv. of Victoria, Univ. of Calgary, 

Dalhousie University 

Follow-on workshops and networking events will occur during Year 4. 

C. ULearning Platform  

The Department of Homeland Security Science and Technology Directorate (DHS/S&T/CCI) 

focuses on the development of education and training tools, as well as collaboration space, for 

the emergency response community.  During the early part of Year 3, Captico, a Maryland-based 

company specializing in internet marketing using web technology, partnered with VACCINE at 

Purdue University to develop a web-based uLearning prototype for DHS/S&T/CCI to serve the 

emergency response community.  The prototype leveraged content such as videos, presentations, 

narratives and links to share expert and practitioner-defined content across the emergency 

response community. The objective of this effort was to develop an initial short, uLearning  (user 
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learning) tool that incorporates video, text, images, or audio of new technologies and how new 

technologies can be used in operational scenarios. Deliverables planned in the original proposal 

included a prototype of a ULearning Tool; assessment of the ULearning tool with a small set of 

managers/users; and plans/approach for broader uLearning applications (e.g., other technologies 

and end-users). 

 

Project Outcomes  

Captico and Purdue have identified and prioritized learning needs within the emergency response 

community that may be best supported via the uLearning tool.  By gathering input from first 

responders utilizing various methods, the uLearning tool prototype was developed to incorporate 

specific features and capabilities found most useful by the emergency response community. 

 

Based on availability of funding, the plan was to target the state of Indiana as a large pilot project 

and give those first responders supported access to the uLearning Platform in exchange for 

feedback to further the development of the Platform. First responders were interviewed and their 

input was recorded by Captico.  However, in the summer of 2011 the project was postponed due 

to lack of funding. 

 

D. Education and Training for First Responders 

 

At the VACCINE annual meeting in September of 2011, a general discussion was held regarding 

various types of professional training VACCINE could provide.  A conference call of several 

partner schools followed, and it was suggested that we plan a general informational meeting in 

Indianapolis sometime during Year 4 to educate first responders about the field of visual 

analytics in general, and how it could be useful to first responders in their daily jobs.  Other 

possibilities discussed were short training sessions for local law enforcement personnel on 

specifics of tools such as VALET and iVALET.  We also discussed the possibility of holding  

video or webinar trainings/discussions regarding some of the technologies, similar to what was 

being planned in the ULearning project.  Plans have not been finalized, but there will be some 

type of professional training taking place in Year 4. 
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IV.  Partnerships and Outreach 

1) List of Partnerships and Major Outcomes 

VACCINE has been very active in both its domestic and international outreach efforts.  We 

have built upon our existing relationships and established many new collaborative partners.   

1) VACCINE Public Safety Partnerships 

 

1. Indiana Public Safety Consortium 

a. Tippecanoe County Sheriffôs Office 

b. Tippecanoe County Emergency 

Management Agency 

c. Lafayette Police Department 

d. West Lafayette Police Department 

e. Purdue University Police Department 

2. Florida Division of Emergency 

Managementôs Region Seven 

a. Florida International University 

b. Miami-Dade County 

c. Broward County 

d. Palm Beach County 

e. Monroe County 

 

3. UNCC Consortium 

a. Charlotte Mecklenburg Police 

Department 

4. Washington State Consortium 

a. Port of Puget Sound 

b. U.S. Coast Guard, Seattle Sector 

5. Penn State Law Enforcement Consortium 

a. Harrisburg Police Department 

6. Ohio Fusion Center 

a. Ohio Department of Public Safety 

b. Ohio State Highway Patrol 

c. Ohio Homeland Security 

 

In early 2012, VACCINE entered into a Memorandum of Agreement with the Ohio 

Fusion Center, managed by the Ohio State Highway Patrol (OSHP) and Ohio Homeland 

Security (OHS).  ñThe agreement was created with the sole purpose of establishing a 

framework for a mutually beneficial pilot collaboration among OUP, OSHP/OHS and the 

DHS Centers of Excellence (COEs). The Ohio Fusion Center will assist the COEs to 

develop research products relevant to OSHP/OHSôs and other first respondersô needs.  

VACCINE will facilitate the OSHPôs direct access to research materials and training 

accomplished through the DHS Centers for Excellenceò (MOA, 2012). 

 

Technology Deployment 

 

VACCINEôs mission is to create tools and technologies for the first responder 

community.  Understanding that most first responders require tools that are mobile, 

VACCINE continues to develop a suite of tools for our stakeholders to use in the mobile 

environment.  Our suite of tools includes: 
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VALET (Visual Analytics Law Enforcement Toolkit)  

 

The Visual Law Enforcement Toolkit (VALET) provides law enforcement agencies with 

a suite of analytical tools coupled with an interactive visual interface for data exploration 

and analysis, forecasting, planning, and management.  This system includes linked views 

and interactive displays that spatiotemporally model criminal, traffic and civil (CTC) 

incidents and allows 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 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 allows 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. Furthermore, we have 

incorporated temporal 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 VACCINEôs Public 

Safety Consortium of law enforcement agencies. 

 

The VALET software is available on a PC, iPhone, or iPad and has been deployed to 

members of the VACCINE Public Safety Consortium including the Tippecanoe Co. 

Sheriffôs Department, Lafayette Police Department, West Lafayette Police Department, 

and Purdue University Police Department.  VALET provides advanced analysis 

capabilities, allowing analysts to develop and test hypothesis about criminal activities 

within various areas of their communities.     

 

MERGE (Mobile Emergency Response Guide) 

  

Hazardous materials can react differently to stimuli and can cause problems in accidents 

and emergency situations. This fact makes them particularly dangerous to civilians and 

first responders. It is for this reason that the Emergency Response Guidebook was 

developed. This paper guide assists those in an emergency with the knowledge of how to 

handle hazardous materials. As one might expect, the guidebook is large and requires 

precious time to search an index to determine the best way to handle a particular 

hazardous material. The MERGE system is an electronic version of the guide with many 
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new features and capabilities. These new capabilities include the use of image analysis 

methods to automatically determine the type of hazardous materials present based on an 

image taken of the sign/placard. MERGE has an easy to understand user interface to 

instruct an emergency responder or civilian in the proper way to handle a hazardous 

material emergency.  

 

MERGE was developed at the request of our first responders. Initial versions of MERGE 

have been deployed to several law first responders groups and have very positive 

responses from our targeted user groups which include: the Lafayette, West Lafayette, 

Indianapolis, and St. Clair, MI Fire Departments. 

 

GARI (Gang Graffiti Automatic Recognition and Interpretation)  

 

Gangs are a serious threat to public safety throughout the United States. Gang members 

are continuously migrating from urban cities to suburban areas. They are responsible for 

an increasing percentage of crime and violence in many communities. According to the 

National Gang Threat Assessment, approximately 1 million gang members belonging to 

more than 20,000 gangs were criminally active within all 50 states and the District of 

Columbia as of September 2008. Criminal gangs commit as much as 80 percent of the 

crime in many communities according to law enforcement officials throughout the nation. 

 

Street gang graffiti is their most common way to communicate messages, including 

challenges, warnings, or intimidation to rival gangs. It is, however, an excellent way to 

track gang affiliation and growth, or even sometimes to obtain membership information. 

The goal of this project is to use the knowledge gained from our work in mobile devices 

and applications and leverage it towards the development of a mobile-based system 

capable of image analysis. This system will provide an accurate and useful output to a 

user base through a database of gang graffiti images. 

 

The image analysis includes obtainment of metadata (e.g., geoposition, date, and time) 

and the extraction of relevant features (e.g., color, shape) from the gang graffiti image. 

The information is sent to a server and compared against the graffiti image database. The 

matched results are sent back to the device where the user can then review the results and 

provide extra inputs to refine information. Once the graffiti is completely decoded and 

interpreted, it is labeled and added to the database. 

 

GARI is being used on iPhone and Android mobile devices. We have deployed to several 

law enforcement agencies and first responders groups and have had very positive 

response from our targeted user groups. 
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2) VACCINE DHS Operating Components 

 

a. United States Coast Guard 

 

1) CgSARVA ï Coast Guard Search and Rescue Visual Analytics 

 

VACCINE has spent the past two years building strong ties within the USCG.  

We have collaborated with them to build tools that can be adapted to real time 

situational areas.  Most significant of these projects was a detailed model allowing 

a thorough assessment of all CG search and rescue cases in the Great Lakes.  In 

the Coast Guard Search and Rescue Visual Analytics (CgSARVA) project, 

VACCINE presents a risk analysis system that enables the interactive 

visualization, analysis, and assessment of search and rescue (SAR) missions 

completed by each USCG station.   

 

The CgSARVA technology is deployed, and in use, at the USCG Atlantic Area 

Planning and Analysis Division.  

 

The system enables the interactive analysis of trends, patterns, anomalies, and 

distribution of cases and associated sorties.  Additionally, this assessment tool 

enables the determination of potential increase or decrease in risk with a 

reallocation of a resource; as well as known increases or decreases in the response 

time.  The CgSARVA system features include the following: 

 

ÅLinked calendar and line graph views for analyzing data patterns and 

distributions 

Å Interactive filter controls for assessing case distribution loads and locations 

Å Density estimation for hotspot generation 

Å Linked time slider controls for interactive temporal animation and exploration 

Å Interactive statistical summary tools for report generation 

 

The CgSARVA technology is a vital component for analyzing risk assessment as 

Coast Guard staffing levels fluctuate due to budget changes, retiring volunteers, 

and a variety of other factors.  This system provides managers and analysts with a 

suite of tools for analyzing the distribution of previous search and rescue cases 

and a methodology for understanding the risk, efficiencies, and benefits involved 

with reallocation or reduction of resources.  

 

 Return 
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2) Analytical Visualization of the Boston PWCS Patrol Resource Allocation 

Environment (with CREATE) aka PROTECT-Port Resilience Operational / 

Tactical Enforcement to Combat Terrorism 

  

Using the previous two years of patrol routes, we are developing statistical 

models for loiter point visits.  Predictions of the loiter point visits will be 

computed and sent to the Coastguard to compare against actual visits during a 

time period in which the visits were unknown to the analysts.  The predictive 

efficacy of this model will then be addressed, and determination on the ability of 

hostiles to predict patrol routes based on current patterns will be assessed.  Sparse 

data will be handled by predicting the number of days between visits.  Similarly 

in utilizing the PROTECT model, two yearsô worth of patrol routes will be 

generated.  Similar statistical models will be created and a predictive model will 

be adapted to the PROTECT routes.  Predictions of future loiter point regions will 

be generated from PROTECT and sent to us and our model will now assess the 

ability of hostiles to predict patrol routes based on potential PROTECT routes.  

  

An interactive visual analytics environment will be created that will overlay patrol 

routes and potential Risk Index Numbers (RIN) numbers for targets.  This 

environment will be developed for both desktop and hand-held platforms with a 

first generation tool looking at historical patrol route logs and critical 

infrastructure overlays.  This project provided the USCG with an analysis of their 

current patrol route scheduling in the Boston Harbor area.  Analysis of the new 

routes indicated that a better randomized process was now implemented and 

anecdotal evidence from test teams indicated that illegal activities requiring 

surveillance, etc. were more likely to be spotted.  Prototypes have been deployed 

with members of the Coast Guard for analysis and feedback.   

 

3) Analytical Visualization of the Port Arthur, TX Economic Impact Study (with 

CREATE) 

 

This is a contract under our Basic Ordering Agreement. In conjunction with the 

resources allocation tool, we will also look at creating economic impact models 

that will show the effect that potential catastrophes (natural or manmade) will 

have.  Our system will incorporate new models, showing the potential impact over 

the Port Arthur area utilizing census tract information, historical data, the output 

of the CREATE economic model and predictive values.  Initial versions of the 

system will focus on specific threat scenarios as determined by the partnering 

institutions. Our analytic environment will allow views and analysis of economic 

impact over time, over space, and over geography to show linkages and 



35 

 

causalities and enable a better understanding of the relationship of certain primary 

and secondary economic effects.  

 

b. Federal Emergency Management Agency 

 

1) Business Continuity Information Network  

 

Studies have shown that businesses risk failure if they are unable to reopen 

quickly after a disaster. To reduce these risks and improve communications within 

the business community, VACCINE partner, Florida International University  has 

developed the Business Continuity Information Network (pronounced ñbee-kinò), 

a web-based service where local businesses, emergency management, and 

organizations that assist businesses can gather to share critical information and 

support continuity efforts before, during and after a disaster. The BCIN South 

Florida Release supports business recovery programs initiated by county 

participants including Broward, Miami-Dade, Palm Beach and Monroe County 

through their respective Emergency Management offices.  

 

Available year-round as a public service, this business-to-business community 

network provides participating companies a tool to track their key employees and 

supply chain status, and locate needed recovery goods and services. The system 

facilitates professional organizations like Chambers of Commerce to assist their 

members, and helps government agencies to assess damage and prioritize 

recovery needs. BCIN reports, maps and shares critical up to-the-minute 

information about infrastructure conditions and recovery efforts by working with 

County Emergency Management Offices and major private infrastructure 

providers. BCIN will localize and tailor relevant information to business 

managers who will use this information to better assess an eventôs impact to their 

facilities, employees, suppliers and customers. 

 

BCINôs B2B network, which includes companies from different industry sectors, 

business and trade associations and NGOs, helps businesses locate disaster 

recovery resources, products, and services while allowing them to collaborate on 

recovery efforts. Businesses can use BCIN to report their operational status and 

assistance needs to county government and NGOs so these organizations can 

prioritize their relief efforts. Recovery dollars spent locally helps to keep local 

businesses open and mitigates employment loss. The BCIN South Florida Release 

supports business recovery programs initiated by county participants including 

Broward, Miami-Dade, Palm Beach and Monroe County through their respective 

Emergency Management offices. Private sector participants include Office Depot, 
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Wal-Mart, the Greater Miami Chamber of Commerce and a variety of local 

businesses across industry sectors. BCIN is supported by the Department of 

Homeland Security, IBM and the National Science Foundation. 

 

2) A Data Integration Framework for Enhancing Emergency Response Situation 

Reports with Multi-Agency, Multi-Partner Multimedia Data 

 

Responders in the field (both public and private participants) are capturing 

footage, pictures and video, of the disaster area with mobile phones. This data is 

being collected but is not integrated in the incidence command systems where 

situation reports, incidence action plans, etc. are being held. When these materials 

are entered into such systems, it's done so in a manual way which is time 

consuming and requires careful human review and management. 

 

To support emergency management operations, Florida International University is 

using advanced data integration and visual analytics techniques to analyze 

situation reports, incident action plans, and other type of responder reports, 

pictures and video clips captured in the field and automatically augment/link the 

reports directly to relevant multimedia content obtain in the field.  Data 

integration techniques will be used to identify disaster specific keywords and will 

be used to identify the documents. 

 
 

3) Additional VACCINE State and Federal Partnerships 

 

VACCINE works closely with state and federal agencies to receive data relevant to 

our projects.  VACCINE has a well-established process for entering into 

Memorandums of Understanding and Non-Disclosure Agreements to ensure 

protection of the parties and data involved.  

 

 FEMA (Federal Emergency Management Agency) 

 IICD (Infrastructure Information Collection Division) 

 GMO (Geospatial Management Office) 

 DHS internal Geospatial Working Group 

 DHS University Programs 

 DHS US-CERT Operations 

 DHS Research Transition Working Group  

 U.S. Department of State, Office of the Geographer 

 National Institute of Justice 

 National Institutes of Health 

 National Science Foundation 

 Return 
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 Department of Health and Human Services 

 Pacific Northwest National Laboratory 

 Argonne National Laboratory 

 Oak Ridge National Laboratories 

 Defense Research & Development Canada 

 Indiana State Department of Health 

 Illinois Terrorism Task Force 
 

4) VACCINE Corporate Involvement  

In 2010, the VACCINE Center and the Purdue Research Foundation established a 

unique VACCINE Corporate Affiliate Program to promote VACCINEôs goals and 

initiatives. In broad outline, this program provides the framework to enable 

corporations to make tax deductible gifts to support research, education, and training 

activities for all VACCINE member institutions. The basic structure is through the 

establishment of a non-profit Limited Liability Corporation (VACCINE LLC) which 

is managed by the Purdue Research Foundation and overseen by VACCINEôs 

Leadership Board. The VACCINE Leadership Board advises the LLC on how to 

distribute donated funds to support VACCINEôs goals. The corporate donations are  

true gifts, with no strings attached.  However, there are some practical benefits to 

donors, including the following:   

 

 Membership in the VACCINE, LLC is by invitation only. Member 

companies need to be complementary as opposed to competitive in nature.  

 Corporate affiliates should be in a position to enter into separate research 

agreements directly with member institutions to develop proprietary 

technologies, contractually obligated deliverables, etc. 

 Corporate affiliates will  be in a position to gain early information about 

ongoing basic research projects at member institutions before publication. 

 Corporate affiliates will  have opportunities to identify and recruit students 

at member institutions. 

 The Corporate Affiliates program will  provide a forum for donors to 

explore research collaborations and sponsorships. 

 Corporate donors will have opportunities for employed scientists to take 

sabbaticals to participate in relevant research projects at member 

institutions.

 Return 
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The founding member of VACCINE, LLC was Motorola Solutions. In addition to 

Motorola, the VACCINE team has been engaged with a number of companies 

including the following: 

 Aegis 

 ArgonST 

 BanField, the Pet Hospital 

 Bank of America 

 CRGT 

 Duke Energy 

 General Dynamics 

 Hallmark 

 Harris Corporation 

 Kimberly Clark 

 Kx Systems 

 NVIDIA  

 Oculus Info, Inc. 

 Siemens  

 The Boeing Company 
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5) In addition to the 18 schools comprising VACCINE, other academic partners:

 Regenstrief  Institute 

 Mississippi Valley State 

University 

 Center for Infectious Disease 

Dynamics, Penn State 

 San Diego Supercomputer 

Center 

 West Houston Center for 

Science and Engineering 

 Central Washington University 

 SUNY Albany 

  

 Penn State Institute for 

Cyberscience 

 Houston Community College 

 California State University 

Dominguez Hills 

 University of Maryland 

 CREATE 

 NCFPD 

 CCICADA 

 Rochester Institute Technology 

 DIEM 

 

6) VACCI NE International Partnerships: 
 

VACCINE sponsored a two-day workshop in Banff, Canada in September, 2011 for 

Canadian researchers, policy makers and industry experts to promote the study and 

use of visual analytics among Canadian organizations and institutions. Forty people 

attended, representing 21 Canadian/US institutions and organizations.  Topics were 

decided by the Canadian institutions and focused on those areas determined to be of 

the most relevance to this group:  Safety and Security; Financial Risk, Business 

Intelligence; HealthðRecords and Research; Astrophysics; and Oil/Gas and 

Geomatics.  Each topic followed the same formatðoverview and general panel 

discussion of the topic (including industry experts); small focus group discussion to 

generate ideas for the specific industry/topic; and general discussion of the entire 

group.  At the conclusion of the workshop, a general discussion was held to generate 

ideas and topics for future projects and seed grant proposals, which were funded by 

VACCINE.  Seven proposals were generated and three were selected: 

 

Visualization and Policy Making:  Theoretical and Empirical Explorations 

(workshop)ðUniv. of British Columbia and Simon Fraser University 

 

Financial Systemic Risk Analysis (workshop)ðUniv. of British Columbia 

 

Personal Visual Analytics (networking and workshop)ðUniv. of Victoria, Univ. of 

Calgary, Dalhousie University 

 

Follow-up on workshops and networking events will occur during Year 4. 

 Return 
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                    Other VACCINE international partners include: 

 
 

 Carleton University, 

Canada 

 Chalmers University, 

Sweden 

 Dalhousie University, 

Canada 

 Justice Institute of British 

Columbia, Canada 

 Linkoping University 

 Linnaeus University 

 National Institute for 

Research in Computer 

Science and Control 

 Ontario Institute of 

Technology, Canada 

 Simon Fraser University, 

Canada 

 Swansea University 

 University of British 

Columbia, Canada 

 University of Calgary, 

Canada 

 University of Gävle 

 University of Groningen, 

Netherlands 

 University of Konstanz 

 University of Manitoba, 

Canada 

 University of Stuttgart, 

Germany 

 University of Victoria, 

Canada
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V. Technology Transition 

Throughout this document, it should have become evident that VACCINE is committed 

to getting our technologies and programs into the hands of the individuals that need them. 

Since VACCINEôs inception in 2009, DHS has gradually moved towards an aggressive 

technology transition strategy. It is imperative to show value to the end-users via getting 

VACCINE tools deployed.  As mentioned earlier, the role of developing detailed 

operational requirements is critical for the successful transition of technologies into the 

various homeland security fields. The VACCINE Center of Excellence recognizes the 

need for significant end-user-in-the-loop involvement in the entire life cycle development 

process.  For example, in 2012, VACCINE entered into a Memorandum of Agreement 

with the Ohio Fusion Center, managed by the Ohio State Highway Patrol (OSHP) and 

Ohio Homeland Security (OHS).  ñThe agreement was created with the sole purpose of 

establishing a framework for a mutually beneficial pilot collaboration among OUP, 

OSHP/OHS and the DHS Centers of Excellence (COEs). The Ohio Fusion Center will 

assist the COEs to develop research products relevant to OSHP/OHSôs and other first 

respondersô needs.  VACCINE will facilitate the OSHPôs direct access to research 

materials and training accomplished through the DHS Centers for Excellenceò (MOA, 

2012). 

 

Figure 5: VACCINE Transition Pathway 
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