Project Final Report Template
Reporting Years: October 1, 2003– August 1, 2010
GENERAL INFORMATION

This form contains 4 sections 
· Project & Personnel Information 

· Executive Summary and Research Information
· Educational Information, and 
· Outreach information. 

Each section has multiple questions that will help us generate an integrated report for both the RESCUE and Responsphere Annual and Final Reports. Please answer them as succinctly as possible. However, the content should contain enough details for a scientifically-interested reader to understand the scope of your work and importance of the achievements.  As this form covers both an annual and final report, the form asks you to provide input on the past year’s progress as well as overall progress for the entire 7-year program.
DEADLINE
The RESCUE and Responsphere reports are due to NSF by June 30, 2010.
Completed forms MUST be submitted by May 15th, 2010.  (Obviously, publications can be submitted through the website (www.itr-rescue.org) as you get papers accepted.).  It is crucial you have this finished by this date, as the Ex-Com will be meeting (some are flying in) to finalize the report.
SUBMISSION INSTRUCTIONS

The completed forms must be submitted via email to: 

· Chris Davison – cbdaviso@uci.edu  
Publications need to be submitted to our website in order for us to upload to the NSF:

http://www.itr-rescue.org/pubs/pub_submit.php
Auxiliary Material 

To help you complete this form, you should refer to both the RESCUE Strategic Plan which identifies the overall goal of the program (this information is needed in order for you to explain how your research helps to achieve the goals of the RESCUE program) and the RESCUE annual reports for Years 1 through 6, plus the strategic plan.  You can find these documents on the RESCUE projects website Intranet: http://www.itr-rescue.org 
SECTION A:  Project & Personnel Information

Project Title:  
Names of Team Members: 
(Include Faculty/Senior Investigators, Graduate/Undergraduate Students, Researchers; which institution they’re from; and their function [grad student, researcher, etc])

University of California, Irvine

Alessandro Ghigi (Researcher)

Jean Chin (Project Coordinator)

Vidhya Balasubramaniam (Graduate student)

Jonathan Cristoforetti (Graduate student)

Daniel Massaguer (Graduate student)

Leila Jalali (Graduate student)

University of California, San Diego

Babak Jafarian (Researcher)

Per Johansson (Researcher)

ImageCat, Inc.
Ronald T.  Eguchi, Transportation Testbed Leader, Loss Estimation

Charles K. Huyck, METASIM Project Leader, GIS Applications

Sungbin Cho, Researcher, Transportation Analysis

Howard Chung, Researcher, Image Processing

Beverley Adams, Researcher, Remote Sensing

Shubharoop Ghosh, Researcher, GIS and Data Analysis

Paul Amyx, Researcher, Software Development

Zhenghui Hu, Researcher, Image Processing
Sean Araki, Researcher, Graphical User Interface Design and Development
Michael Z. Mio, Researcher, Software Development
List of Collaborators on Project:

(List all collaborators [industrial, government, academic] their affiliation, title, role in the project [e.g., member of Community Advisory Board, Industry Affiliate, testbed partner, etc.], and briefly discuss their participation in your project)
· Government Partners:
(Please list)

1. Doug Bauch, Mitigation Specialist, Federal Emergency Management Agency: Beta testing and providing feedback on InLET

2. Kevin Miller, GIS Analyst; Douglas Huls, GIS Analyst; Paul Veisze, GIS Manager; and Rebecca Wagnor, Manager Technical, Assistance Branch, California Governors Office of Emergency Services: Beta testing and providing feedback on InLET

3. Ellis Stanley, General Manager, City of Los Angeles, Emergency Preparedness Department: Providing feedback on InLET.

4. David Wald, seismologist; Paul Earle, seismologist, U.S. Geological Survey: Integration of ShakeCast into InLET; testing and providing feedback on InLET

5. Jim Goltz, Program Manager, Earthquake and Tsunami program, California Governors Office of Emergency Services: Providing feedback on InLET, exploring opportunities to integrate into State portal on preparedness and outreach

6. Johanna Fenton, Program Specialist, Northern California, Earthquake and Tsunami program, California Governor’s Office of Emergency Services: Providing feedback on InLET, exploring opportunities to integrate into State portal on preparedness and outreach

7. Lieutenant James Madia. Inglewood Police Department: InLet deployment for the Great California ShakeOut exercise 2009.

· Academic Partners:
(Please list)

1. Cal(IT)2 Administration and Building Facilities at UCI: supporting the instrumentation of the Cal(IT)2 building and providing a pervasive application environment for testing and validation of research.  

2. Cal(IT)2 Administration and Building Facilities at UCSD: supporting the instrumentation of the Cal(IT)2 building and providing a pervasive application environment for testing and validation of research.  

3. University of California, Irvine Environmental Health and Safety, Linda Bogue, Emergency Management Coordinator: Working with researchers to incorporate simulations into actual drills.

4. MCEER, NSF-sponsored earthquake engineering research center: Integration of existing advanced technology toolsets.

5. University of British Columbia, Stephanie Chang, Associate Professor:  Use of InLET in classroom environment as instructional tool.

· Industry Partners:
(Please list)

1. Gatekeeper, Philip A. Naecker, Programmer (Developers of ShakeCast): Significant dedication of resources integrating USGS real-time ground motions into InLET.

2. Brett Thomassie, Director, Civil Government Programs, DigitalGlobe.  DigitalGlobe has provided satellite imagery for several recent natural hazard events, including the 2003 Bam, Iran earthquake and Hurricane Charley in 2004.
3. Brent Woodworth, President and CEO Global Disaster Services, Inc. Brent Woodworth provided significant feedback on the usability and utility of key research, enabling researchers to evolve a subset of the tools into a website suitable for disaster response.

4. Deltin Corporation.  Working with us through the context of UCI’s CERT.

SECTION B:  Executive Summary and Research-Related Information (2 pages per project/area – e.g., SAMI, PISA, networks, dissemination, privacy, metasim, social science contributions,  artifacts, testbeds)
 (This summary needs to cover the entire 7-year period of the grant.  However, information on recent research progress must also be provided. Please discuss the progress of your research within the context of the following questions.  Where possible, please include graphics or tables to help answer these questions.)

Executive Summary

Executive Summary: Describe major research activities, major achievements, goals, and new problems identified over the entire seven-year period:
(This will be the MAJOR section of your report.  The rest of this template will provide more detailed information for the subsections of the final report).

The section should answer the following questions:

1) What was the major challenge that your project was addressing and what were your goals?

Example: Creating on site networks and bi-directional data communication instantaneously which can meet the needs of data transmission both from first responders to the incident commanders and from incident commanders to the first responders.

2) What major technological/social science research questions were identified and what approach did you identify to solve the research question?
Example:  The research question in the above challenge could be (a) reliability of communication in mesh environments and in multi-carrier networks, and (b) building capacity by exploiting multiple networks. 

An example of approach could be exploiting multiple carriers, and of building mechanisms for prioritization of messaging to meet application quality. 
3) What were your achievements in meeting the goals and addressing the research questions which you would like to highlight?

Example:  Theoretical analysis of network capacities in such networks.  One can quote the main result in such a theoretical analysis. Engineering such multinetworks, coming up with mechanisms for data collection in such networks, etc. 

Products and Contributions: (Artifacts, 1st Responder adopted technologies, impact, and outreach).
This section should answer the following questions:

1) What products/systems did you develop?
2)  How were these products /ideas tested? 

3) What were the lessons learned? 

Project Achievements: (This is where you get to tout the success of your project as well as new problems identified):
Please address following questions:

a) How did your work change the state-of-the-art in the area of your project? That is, what new scientific achievements can we attribute to your work?
b) How did the achievement lead to impact on first responders if any? Clear examples of such impact would be very useful. 

SECTION C:  Research Activities (this section will provide us information for the detailed appendix that will be included along with the executive summary)
(Please summarize major research activities over the past 7 years using the following points as a guide)
Project Name METASIM
Project Summary --- summarize again what the major objectives of the project. 
This is more or less a cut and paste from Section B that goes to executive summary. Feel free to elaborate a bit more about the project and its scope and in addition address the following questions. 

Describe how your research supports the RESCUE vision
(Please provide a concise statement of how your research helps to meet RESCUE’s objectives and overarching and specific strategies – for reference, please refer to the Strategic Plan).

How did you specifically engage the end-user community in your research?
How did your research address the social, organizational, and cultural contexts associated with technological solutions to crisis response? 

Research Findings 
(Summarize major research findings over the past 7 years).)
Describe major findings highlighting what you consider to be groundbreaking scientific findings of your research. 
(Especially emphasize research results that you consider to be translational, i.e., changing a major perspective of research in your area).
YR1-YR6

1. Model refinements for crisis simulation, evacuation of individuals and cars, and adaptive cellular networks:
Several model refinements were implemented for individual simulators. For the Crisis Simulator/ MetaSIM, user defined parameters to run a custom scenario were included as a part of the meta-simulation. Definition of evacuation scenario for DrillSim was also implemented. Multi-floor including indoor-outdoor agent evacuation was completed for DrillSim. For the transportation simulator, time synchronization and data exchange with pedestrian network using Whiteboard database was completed. Protocol to inform the MetaSIM testbed along with technology assumptions was explored for Adaptive Cellular Networking System. 
2. Development of Relational Spatial Data Model

A new relational spatial data model was developed to overcome the challenges associated with varied spatial data and multiple simulator integration within MetaSIM. This new standard for model integration enables use of MetaSIM as a testbed for technology testing by addressing: 1) Integration of multiple geographies, 2) Integration of a variety of spatial data models- Vector, raster, network, and 3) Integration of multiple simulators. 

3. Integration with online mapping and visualization interfaces
Over the past several years, the use of Information Technology (IT) has become increasingly widespread at all levels of disaster management. Several new innovations in IT aimed to support post-disaster situational awareness and assessment is being developed for the emergency response and management community. Current online mapping applications such as Virtual Earth and Google Earth offer rich representation of information layers including base layers of road, aerial and satellite imagery. Technologies for data access, sharing and distribution securely over the internet make it possible to push information to a large population at a very rapid rate. All these factors combined with the reduction in hardware costs have created an environment where an online loss estimation program like InLET provides greater flexibility to the disaster management and response community. Because GIS software is not required by the end user, it can be used widely throughout an organization or can be accessed via the internet without the need for specialists. Implemented over the popular online Virtual Earth mapping interface, INLET results are presented overlaid on a rich layer of Virtual Earth data and imagery.
4. Testbed architecture of distributed simulations
Distributed, plug-and-play simulators for researchers 
METASIM is a collection of plug-and-play simulation tools connected by a database. In its final form, definition of inputs, outputs, timing, and scale, the results of each simulation component will be available for iterative use by each of the other simulation models. Registering and synchronizing transactions between various simulation engines and assuring proper use of scale will be addressed by the data exchange architecture and the time synchronization module. MetaSIM is developed with open software architecture to enable modules to share data in real time. The platform and protocol designed for METASIM’s data exchange support modular and extensible integration of simulators for the scientific, engineering, and emergency response communities. 
Integration of multiple geographies
Within MetaSim, agents move across a hierarchy of heterogeneous geographies. These could be indoors grids, outdoor resistance grids, networks (transportation or pedestrian network). Every geography is associated with a different format for the underlying data (raster files, shape files, imagery, etc.), but every kind of data has been loaded into a common DB2 database, so to have a common geographic structure. The database is also able to link each geography to a particular region through the concept of "prefix". The "UCI" prefix for example means that the geography is part of the UCI area. A common Java interface able to access database tables and to retrieve meaningful data about these geographies is also implemented. Agents can move from one geography to another one through the concept of wormhole: a wormhole is a waypoint between two geographies. We can think at a door between indoor and outdoor, stairs, elevators, etc. Every agent needs to find a wormhole in order to get to a new geography. 
Highlight major research findings in this final year (Year 7).
Please discuss how the efficacy of your research was evaluated. Through testbeds? Through interactions with end-users?  Was there any quantification of benefits performed to assess the value of your technology or research?  Please summarize the outcome of this quantification.
When the transportation testbed began, it was anticipated that it would provide a platform for quantification of the integration of technologies itself. As the testbed progressed, it became evident that the testbed itself was a significant artifact. At which point, the value was established through direct interaction with potential end users. Feedback was incorporated directly into the design of the models.
Responsphere - Please discuss how the Responsphere facilities (servers, storage, networks, testbeds, and drill activities) assisted your research. 
Responsphere servers were used to host the transportation testbed through several live demonstrations, test accounts, drill scenarios, and an actual earthquake event. 

Research Contributions 

(The emphasis here is on broader impacts. How did your research contribute to advancing the state-of-knowledge in your research area? Please use the following questions to guide your response).
What products or artifacts have been developed as a result of your research?
The primary artifact of the Transportation Testbed is MetaSIM. METASIM is a web-based collection of simulation tools developed to test the efficacy of new and emerging information technologies within the context of natural and manmade disasters, where the level of effectiveness can be determined for each technology developed. METASIM incorporates a crisis simulator, a transportation simulator, and a simulator for agent based modeling (Drillsim). METASIM is envisioned as a comprehensive modeling platform for plug-and-play simulation tools for emergency managers and first responders to support response, recovery and mitigation activities. 

A preliminary website has been developed in HTML and stored in the backend database to produce web pages on-the-fly through Java script. The web pages call the various simulators and allow users to define parameters for the various simulations. The parameters are saved in user specified scenarios and the simulations are run through the interface. After each run the results are stored in the database and the website calls and displays intermediate and final results. 

A description of the individual simulators and components integrated into the METASIM framework is provided below:

a) Crisis Simulator
The Crisis Simulator currently simulates an earthquake event and estimate damage and casualties at a regional scale.  The crisis simulator integrates the earthquake loss estimation components of InLET, the Internet based Loss Estimation Tool.  

b) DrillSim 

DrillSim is an agent-based activity simulator that models human behavior at the individual, or micro level. DrillSim tests IT solutions by modeling situation awareness and providing it to the agent to react accordingly. For example, an early warning system might be used to modify the timing of agent evacuation. Micro-level activity modeling provides the ability to mimic agent behavior in crisis, as well as interactions between people during crisis, thereby providing a more robust framework for integrating responses to information and technology. DrillSim uses a grid-based representation of indoor and outdoor spaces. Recent improvements to DrillSim include expansion to multiple floor levels, indoor and outdoor representation, and integration with the MetaSim framework. Additionally, agent behavior has been refined from actual drills conducted at UCI. 
c) Transportation Simulator

Transportation simulator consists of an integrated model of simplified quasi-dynamic traffic assignments, and a destination choice model. Information that becomes available through IT solutions is simulated through parameters, such as subscription to routing support information via cell phone or email, information arrival time and update frequency, system credibility and acceptance, to reduce uncertainties associated with decision making when evacuating a congested network. The key parameters are available as adjustable inputs to the model, for users to assess the efficacy of different methods of integrating IT into emergency response. 
d) GIS Applet for Visualization

A GIS applet has been developed for the crisis simulator for visualization of the different geographic data layers and the simulation results. In addition, the applet provides tools for users to interact with the map and to define a crisis simulator request for a scenario.  Users can select events that have been pre-calculated, or define a new event by entering a magnitude and depth and selecting an approximate epicenter location on the map.  The applet also allows users to delineate evacuation zone for the transportation simulator. 

How has your research contributed to knowledge within your discipline?
Loss Estimation Software

InLET is the first online loss estimation tool for earthquakes in California. It has been presented extensively to decision makers, and has generated significant discussions about the immediate need for post-event loss results in emergency management. 

How has your research contributed to knowledge in other disciplines?
Training tool for first responders

The InLET component has been used as a training tool for the Great American Shakeout. In this manner, it has been extended from emergency management to the first responder level.
What human resource development contributions did your research project result in (e.g., students graduated, Ph.D., MS, contributions in placement of students in industry, academia, etc.) 

Contributions beyond science and engineering (e.g., to industry, current practice, to first responders, etc.) 

Please update your publication list for this project by going to: 
http://www.itr-rescue.org/pubs/pub_submit.php
(Include journal publications, technical reports, books, or periodicals). NSF must be referenced in each publication. DO NOT LIST YOUR PUBLICATIONS HERE. PLEASE PUT THEM ON THE WEBSITE.
Remaining Research Questions or Challenges 

(In order to help develop a research agenda based on  RESCUE after the project ends, please list remaining research questions or challenges and why they are significant within the context of the work you have done in RESCUE.  Please also explain how the research that has been performed under the current RESCUE project has been used to identify these research opportunities).

Success Stories / Major Scientific Achievements 

(Use this section to highlight what your project has achieved over the last 7 years.  This is your opportunity to publicize your advancements and look back over our many years together and find those nuggets that really made a difference to science, first responders, etc.)

SECTION D: Education-Related Information
Educational activities:
(RESCUE-related activities you and members of your team are involved in.  Include courses, projects in your existing courses, etc.  Descriptions must have [if applicable] the following: quarter/semester during which the course was taught, the course name and number, university this course was taught in, course instructor, course project name)

1. A white paper on “InLET” created for HAZUS Users Group meeting and HAZUS Users Conference 

2. Presented the idea of using MetaSIM as an educational tool for teaching students K-12 to various elementary school administrators
Training and development:

(Internships, seminars, workshops, etc., provided by your project.  Seminars/workshops should include date, location, and presenter.  Internships should include intern name, duration, and project topic.)  What PhD students have graduated?
Education Materials:

(Please list courses introduced, taught, tutorials, data sets, creation of any education material of pedagogical significance that is a direct result of the RESCUE project).
1. University of British Columbia, Stephanie Chang, Associate Professor:  Use of InLET in classroom environment as instructional tool.

Internships: 
(Please list)
1. Arn Womble, Texas Tech: Defining hurricane building damage states from satellite photos.

2. Carol Friedland, Louisiana State University: Quantifying building damage from hurricane storm surge effects.

SECTION E:  Outreach Related Information
Additional outreach activities: 
(RESCUE-related conference presentations, participation in community activities, workshops, products or services provided to the community, etc.)
Conferences:
(Please list)
1. National Hazards Conference 2008, Boulder: Towards an online virtual earth- Keys to effectively using remotely sensed and GIS data for emergency response. Presenter: Charles Huyck

2. National Defense Industry Association (NDIA) 2008 Homeland Security Stakeholders Coneference, Los Angeles:  MetaSIM and InLet demonstration at RESCUE booth, January 2008. Presenter: Shubharoop Ghosh 

3. National Hazards Conference 2007, Boulder: Examining the Role of the VIEWS System within Multi-hazard Environments, 3D building inventory development, and InLET demonstration. Presenter: Shubharoop Ghosh

4. International Conference on Urban Disaster Reduction 2007, Taiwan: Deployment of Remote Sensing Technology for Multi-Hazard Post-Katrina Damage Assessment. Presenter: Shubharoop Ghosh

5. National Research Council of the National Academies, Workshop on Geospatial Information for Disaster Management: Guidelines for the use of GIS and Remote Sensing data in Emergency Management, Panelist: Charles K. Huyck.

6. Commercial Remote Sensing Satellite Symposium, What's Next? Bringing Commercial Remote Sensing to the Marketplace: Towards a Virtual Earth, Panelist: Charles K. Huyck.

7. Citilab International User Conference at Palm Springs, An Integrated Evacuation Modeling System For Emergency Management, November 2006, Presenter: Shubharoop Ghosh.

8. Solutions to Coastal Disasters 2005, keynote presentation:  Use of Integrated GPS, Imagery, and Remote Sensing Following the Southeast Asian Boxing Day Tsunami and Niigata Ken Chuetsu Earthquake, Presenter: Charles K. Huyck

9. Managing Risk in the 21st Century: Creating the Global Earth Observation System of Systems--Balancing Public and Private Interests, Panelist: Charles K. Huyck

10. Post-tsunami Urban Damage Assessment in Thailand, Using Optical Satellite Imagery & the VIEWSTM Field Reconnaissance System, November 4, 2005, Presenter: Beverley Adams.

11. The Application of Remote Sensing Technology for Disaster Management & Response, Cambridge University, April 27, 2005, Presenter: Beverley Adams. 

12. Remote Sensing Technology for Response and Recovery, MCEER Annual meeting, Sacramento, CA, February 25-26, 2005, Presenter: Beverley Adams.

13. MCEER Remote Sensing Research following the December 26, 2004 Asian Earthquake and Tsunami, MCEER Annual meeting, Sacramento, CA, February 25-26, 2005, Presenter: Ronald T. Eguchi.
14. Remote Sensing and GIS in Disaster Management, 1st International Conference on Urban Disaster Reduction, Kobe, Japan, January 18-20, 2005, Presenter: Ronald T. Eguchi.

15. Reconnaissance Technologies: Lessons from the Niigata Ken Chuetsu Earthquake and Southeast Asian Boxing Day Tsunami, EERI Annual Meeting, Mexico, February 2005, Presenter: Charles K. Huyck.

Group Presentations:
(Please list)
1. Demonstration on Crisis Simulator/ InLET and discussion on the Concept of Online Simulation/ MetaSIM to the Mitigation Group at FEMA/DHS, April 2008, Presenter: Charles Huyck 


2. Demonstration on Crisis Simulator/ InLET to the GIS Group at the California Governor’s Office of Emergency Services, May 2008, Presenter: Charles Huyck  


3. Demonstration of Crisis Simulator/ InLET to the Earthquake and Tsunamis Program Manager at the California Governor’s Office of Emergency Services, May 2008, Presenter: Charles Huyck  
4. Calit2 at UCI: METASIM Project Meeting, Interoperability of Simulators, January 2007, Presenter: Leila Jalali
5. Calit2 at UCI: METASIM Project Meeting, DrillSim Agents, March, 2007, Presenter: Daniel Massaguer
6. Calit2 at UCSD: Meeting with State of California, Office of Emergency Services, METASIM: An Integrated Loss & Evacuation Modeling System For Emergency Management, March 2007, Presenter: Shubharoop Ghosh
7. Calit2 at UCI: One Step Ahead of the Crisis: Innovative Technology Solutions for Disaster Preparedness, Examining the Role of the VIEWS System within Multi-hazard Environments, 3D building inventory development, and Crisis Simulator demonstration, March 2007, Presenters: Shubharoop Ghosh, Anneley MacMillan, Charles Huyck.
8. Calit2 at UCI: METASIM Project Meeting, An Architecture for the Integration of Emergency Response Simulators, May 2007, Presenter: Jonathan Cristoforetti

9. Calit2 at UCI: METASIM Project Progress Meeting, METASIM progress presentation, May 2007, Presenter: Vidhya Balasubramaniam
10. Girls Inc:  Demo of DrillSim

11. UCI Native American outreach:  Demo of DrillSim
12. Women in Computer Science and Girls, Inc.:  Demo of DrillSim
13. Earthquake Professionals and California Government Emergency Responders: Demonstrations of InLET were made during the 8th National Conference on Earthquake Engineering, a 100th Anniversary of the 1906 San Francisco Earthquake Conference.

Impact of products or artifacts created from this project on first responders, industry, etc.    
(Are they currently being used by a first-responder group? In what capacity? Are they industry groups that are interested in licensing the technology or investing in further development?).
For the scientific research community the MetaSIM architecture supports modular and extensible integration of simulators. Beyond the research community, MetaSIM is designed to be used by first responders, planners, and people involved with the emergency response process. It will be used as a decision support tool to see where the damage will be likely to occur in case of a disaster and plan accordingly. It is also anticipated that MetaSIM will be used by emergency managers and responders to develop training scenarios. 

Methods incorporating damage and situation assessments using simulation tool such as InLET, MetaSIM, and observation oriented remote sensing/ GIS data with GPS referenced ground photographs collected by field teams, represent a new way of generating estimates of disaster damage, when access to the affected area is restricted.  Results are extremely useful to the first responder community and platforms for online visualization of damage have been implemented and used for two major earthquake events, the 2009 L'Aquila Earthquake and the 2008 Wenchuan Earthquake.

Year 6 Annual Report: MetaSIM

Project 6: MetaSIM

Project Summary

MetaSIM is a web-based collection of simulation tools developed to test the efficacy of new and

emerging information technologies within the context of natural and manmade disasters, where

the level of effectiveness can be determined for each technology developed. MetaSIM currently

incorporates three simulators: 1) Crisis simulator InLET; 2) Transportation simulator, and 3)

Simulator for agent based modeling (Drillsim).

Activities and Findings
In Year 6, the core earthquake loss estimation component, InLET, has been decoupled from the

MetaSIM modeling environment, and ported to Microsoft Virtual Earth. InLET was deployed at

the Great Southern California ShakeOut Exercise for two agencies: i. City of Inglewood, ii.

CalEMA (California Emergency Management Agency). InLET was used to assess preliminary

damage and generate situational awareness for the responding agencies and the local

residents for the simulated earthquake measuring 7.8 on the Richter scale. A custom version of

InLET was developed with the City's building and lifeline inventory for the ShakeOut scenario.

Demonstrations were made to several high profile public and private agencies, as well as

NGOs. The resolution of base data was expanded to the building parcel level for the City of

Inglewood, demonstrating that the platform could produce and map building level results.

Additionally, the InLET platform was presented to several City of Los Angeles staff and is

currently being considered for integration into the Emergency Operations Center. Participants

included- Nekpen Aimiuwu, Department Emergency Coordinator, City of Los Angeles, Planning

Dept; Arif Alikhan, Deputy Mayor, City of Los Angeles; Todd Chamberlain, Captain, LAPD

Special Operations Bureau; Scott Kroeber, Commander, LAPD Special Operations Bureau;

Olivia Mitchell, Deputy Director, City of Los Angeles Community Development; Andy Neiman,

Lieutenant, LAPD Special Operations Bureau; Richard Roupoli, Deputy Chief, LAPD Special

Operations Bureau; and Tony Varela, Assistant Chief, LAFD Homeland Security. These high

level end users were able to walk away with a clear understanding of how the results of

research could practically be integrated into their organizational structures, as well as provided

critical feedback for refining technology for end users.

Products and Contributions

The primary artifact of the Transportation Testbed is MetaSIM. METASIM is a web-based

collection of simulation tools developed to test the efficacy of new and emerging information

technologies within the context of natural and manmade disasters, where the level of

effectiveness can be determined for each technology developed. METASIM incorporates a

crisis simulator, a transportation simulator, and a simulator for agent based modeling (Drillsim).

METASIM is envisioned as a comprehensive modeling platform for plug-and-play simulation

tools for emergency managers and first responders to support response, recovery and

mitigation activities.

A preliminary website has been developed in HTML and stored in the backend database to

produce web pages on-the-fly through Java script. The web pages call the various simulators

and allow users to define parameters for the various simulations. The parameters are saved in

user specified scenarios and the simulations are run through the interface. After each run the

results are stored in the database and the website calls and displays intermediate and final

results.

A description of the individual simulators and components integrated into the METASIM

framework is provided below:

Crisis Simulator/ InLET

The Crisis Simulator currently simulates an earthquake event and estimates damage and

casualties for Los Angeles and Orange counties. The crisis simulator integrates the earthquake

loss estimation components of InLET;  the Internet based Loss Estimation Tool.

DrillSim
DrillSim is an agent-based activity simulator that models human behavior at the individual or

micro level. DrillSim tests IT solutions by modeling situation awareness and provides it to the

agent to react accordingly. For example, an early warning system might be used to modify the

timing of agent evacuation. Micro-level activity modeling provides the ability to mimic agent

behavior in crisis, as well as interactions between people during crisis, thereby providing a more

robust framework for integrating responses to information and technology.

Transportation Simulator

The transportation simulator consists of an integrated model of simplified quasi-dynamic traffic

assignments, and a destination choice model. Information that becomes available through IT

solutions is simulated through parameters, such as subscription to routing support information

via cell phone or email, information arrival time and update frequency, system credibility and

acceptance, to reduce uncertainties associated with decision making when evacuating a

congested network.

GIS Applet for Visualization

A GIS applet has been developed for the crisis simulator for visualization of the different

geographic data layers and the simulation results.

Year 5 Annual Report: MetaSIM

Project 6: MetaSIM

Project Summary

MetaSIM is a web-based collection of simulation tools developed to test the efficacy of new and

emerging information technologies within the context of natural and manmade disasters, where

the level of effectiveness can be determined for each technology developed. MetaSIM currently

incorporates three simulators: 1) Crisis simulator InLET; 2) Transportation simulator, and 3)

Simulator for agent based modeling (Drillsim).

Activities and Findings

In Year 5, a website has been developed in HTML and stored in the backend database to

produce web pages on-the-fly through Java script. The web pages call the various simulators

and allow users to define parameters for the various simulations. The parameters are saved in

user-specified scenarios and the simulations are run through the interface. After each run, the

results are stored in the database and the website calls and displays intermediate and final

results. The application is supported by a DB2 database (with Spatial Extender) and an ArcIMS

server that stores geographic data and creates all the different GIS layers through a standard

interface. For the first version of MetaSIM, the geographic extent of the data for implementation

was Los Angeles and the Orange County area. The transportation simulator and Drillsim have

been implemented for a much more focused area centered around the University of California,

Irvine campus.

Several model refinements were implemented for individual simulators. For the Crisis

Simulator/ InLET, user-defined parameters to run a custom scenario were included as a part of

the meta-simulation. The definition of the evacuation scenario for DrillSim was also

implemented. Multi-floor including indoor-outdoor agent evacuation was completed for DrillSim.

For the transportation simulator, time synchronization and data exchange with pedestrian

network using a Whiteboard database was completed. The protocol to inform the MetaSIM

testbed along with technology assumptions was explored for Adaptive Cellular Networking

System.

A new Relational Spatial Data Model was developed to overcome the challenges associated

with varied spatial data and multiple simulator integration within MetaSIM. This new standard

for model integration enables MetaSIM as a testbed for technology testing by addressing the

integration of multiple geographies and simulators, and a variety of spatial data models (vector,

raster, or network).

Current online mapping applications such as Virtual Earth and Google Earth offer a rich

representation of information layers including base layers of road, aerial and satellite imagery.

Technologies for data access, sharing and distribution securely over the internet make it

possible to push information to a large population at a very rapid rate. All of these factors

combined with the reduction in hardware costs have created an environment where an online

loss estimation program like InLET provides greater flexibility to the disaster management and

response community. Implemented over the popular online Virtual Earth mapping interface,

InLET results are overlaid on a rich layer of Virtual Earth data and imagery.

MetaSIM is also a collection of plug-and-play simulation tools connected by a database. In its

final form, the definition of inputs, outputs, timing, and scale, and the results of each simulation

component will be available for iterative use by each of the other simulation models.

Registering and synchronizing transactions between various simulation engines and assuring
proper use of scale will be addressed by the data exchange architecture and the time

synchronization module.

MetaSIM is developed with open software architecture to enable modules to share data in real

time. The platform and protocol designed for MetaSIM’s data exchange support modular and

extensible integration of simulators for the scientific, engineering, and emergency response

communities.

Products and Contributions

􀂃 Crisis Simulator/ InLET -The Crisis Simulator currently simulates an earthquake event and

estimates damage and casualties for Los Angeles and Orange counties. The crisis simulator

integrates the earthquake loss estimation components of InLET; the Internet based Loss

Estimation Tool.

􀂃 DrillSim - DrillSim is an agent-based activity simulator that models human behavior at the

individual or micro level. DrillSim tests IT solutions by modeling situation awareness and

provides it to the agent to react accordingly. For example, an early warning system might be

used to modify the timing of agent evacuation. Micro-level activity modeling provides the

ability to mimic agent behavior in crisis, as well as interactions between people during crisis,

thereby providing a more robust framework for integrating responses to information and

technology.

􀂃 Transportation Simulator – The transportation simulator consists of an integrated model of

simplified quasi-dynamic traffic assignments, and a destination choice model. Information

that becomes available through IT solutions is simulated through parameters, such as

subscription to routing support information via cell phone or email, information arrival time

and update frequency, system credibility and acceptance, to reduce uncertainties

associated with decision making when evacuating a congested network.

􀂃 GIS Applet for Visualization - A GIS applet has been developed for the crisis simulator for

visualization of the different geographic data layers and the simulation results.

􀂃 InLET version 2 - A more refined crisis simulator, InLET v2, has been developed for

integration into the MetaSIM framework to replace the existing damage and loss modeling

simulator. InLET has been expanded from its previous implementation for Los Angeles-

Orange County to cover earthquake hazards throughout California. InLET provides rapid

results by simplifying the FEMA/HAZUS damage functions and porting the algorithms to a

database environment. Given the advances in online mapping and the availability of GIS

data through various online platforms, the visualization component of InLET has been

implemented over the popular online Virtual Earth interface.

Future Research Directions

Various options are being evaluated for deploying the core components of MetaSIM individually

as well as a complete system. We seek to leverage the capabilities of METASIM and are

working to transform it into a tool that can be used for multiple purposes. Some possible

applications include:

1 Loss estimation and decision support tool for public agencies;

2 Integration into Web Portals such as the City of Ontario’s portal www.disaster.org;

3 Training tool for first responders;

4 Modeling tool for online services; and
5 Online disaster game for the gaming industry
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Project 6: MetaSIM

MetaSim is a web-based collection of simulation tools developed to test the efficacy of new and

emerging information technologies within the context of natural and manmade disasters.

MetaSim currently includes a crisis simulator, a transportation simulator, and a simulator for agent based modeling (Drillsim). Outside of MetaSim, Adaptive Cellular Network Modeling at UCSD informs the adjustment of information dissemination parameters for testing cellular technologies.

The goal of MetaSim is to provide an extensible simulation platform for emergency managers and researchers to support response, recovery, and mitigation activities.

A preliminary website has been developed in HTML and stored in the backend database to

produce web pages on-the-fly through Java script. The web pages call the various simulators

and allow users to define parameters for the various simulations. The parameters are saved in

user specified scenarios and the simulations are run through the interface. After each run, the

results are stored in the database and the website calls and displays intermediate and final

results.

MetaSIM’s deliverables and milestones during year 4 include:

1. Continued coordination of Transportation Testbed. Focus on integration of IT solutions

and merging of communication network.

2. Beta-version of transportation network model for Los Angeles and Orange Counties.

3. Technical report on the application of remote sensing technologies for crisis response.

Focus on both natural and human threats.

4. Workshop on transportation planning and analysis for unexpected events.

Activities and Findings:

A key achievement of MetaSim has been the integration of incompatible spatial data models

through a series of “wormholes” that pass data from one environment to another. This is achieved through the Relational Spatial Data Model (RSDM) which creates database links between existing spatial data types, allowing models that may have fundamentally different spatial representations of the world to communicate. A prototype implementation successfully calls the individual modeling components and transfers agents to various geographical environments. METASIM includes components that are currently run on the server provided by Responsphere, including crisis simulator, DrillSim, and the transportation simulator.

In the MetaSim prototype, users define a series of scenarios establishing the parameters leading to an evacuation of the UCI campus. During scenario definition, the Crisis Simulator estimates damage and casualties for a user-defined earthquake. The crisis simulator integrates the earthquake loss estimation components of InLET; the Internet based Loss Estimation Tool,

created and designed under project RESCUE in Year 3. Also during scenario definition, the user

is presented with the technology test bed, which allows adjustment of information available to

evacuees. Information availability is simulated through parameters, such as subscription to

routing support information via cell phone or email, information arrival time and update frequency, system credibility and acceptance. For the evacuees, modeled as agents, information reduces the uncertainties associated with decision making when evacuating a congested network.

Cellular performance is assessed by analyzing Random Access (RACH) mechanisms for

GSM/GPRS/UMTS with OPNET. Cell sites were loaded into Opnet based on input from Cingular and internal measurements, and OpNet simulation scenarios were analyzed based on damage to the infrastructure. Results from the Opnet simulation are input directly into MetaSim.

After the scenario parameters are defined in MetaSim, the user runs an evacuation simulation.

The MetaSim prototype incorporates DrillSim, an agent-based activity simulator that models

human behavior at the individual level. Although the modeled behavior is currently limited,

DrillSim tests IT solutions by modeling situation awareness and providing it to the agent to react

accordingly. Micro simulation provides the ability to mimic agent behavior in crisis, as well as

people’s interactions during crisis, thereby providing a more robust framework for integrating

responses to information and technology. DrillSim uses a grid-based representation of indoor and

outdoor spaces, routing agents to pre-defined wormholes. Using the RSDM, agents are passed

from a grid-based simulation to a network-based transportation simulation. The Transportation

Simulator uses a simplified quasi-dynamic traffic assignment model, and a destination choice

model to route evacuees through the road network to nodes defined outside of the evacuation

zone. The effectiveness of any given technology solution is assessed by analyzing the change in the number of evacuees through time amongst various scenarios.

The results of the crisis simulator have been integrated into the Dissemination project as part of

the early warning information. Results can realistically be integrated into the Disaster Portal. The technology test bed can be used to assess the implementation of Dissemination. Planned

deliverables during the next year include finalizing the prototype (limited additional programming);

limited validation of the individual models; Outreach, transition of artifacts; publications.
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Was considered a Testbed in Year 3:

MetaSIM Many projects within RESCUE include a simulation component, and integration of the various simulators has a potential for tremendous synergy. The transportation testbed platform was expanded in scope to encompass existing simulation efforts at multiple research sites and has been renamed MetaSIM. MetaSIM is the result of integration of diverse simulation capabilities being developed by different RESCUE partners into a single integrated system - an amalgamation of transportation simulation with micro-level agent simulator (DrillSim being developed at UCI), ImageCat’s InLET loss estimation tool, and a cellular infrastructure simulator being developed at UCSD. MetaSIM provides researchers with an effective mechanism to test and validate IT solutions in a very rich set of scenarios which none of the individual simulators could provide on their own. For MetaSIM to achieve the ultimate goals of modularity and extensibility, many integration issues must be resolved. These will be addressed by leveraging existing resources within RESCUE and focusing on a key application: modeling the benefits of integrating cellular technologies during evacuation. 

The progress on the other three testbeds has remained on track, as indicated in the milestone chart. Highlights of testbed activities are described below.
Year 2 Annual Report: MetaSIM

Discussion of simulation and loss estimation:

A5.1 A Centralized Web-Based Loss Estimation Methodology

(ImageCat/ Eguchi, Huyck, Chung, Mio, Cho)

In Year 2, significant progress has been made in creating a centralized web-based loss

estimation and transportation modeling platform that will be used to test and evaluate the

efficacy of Information Technology (IT) solutions in reducing the impacts of natural and

manmade hazards on transportation systems. The web-based simulation platform

(INLET for Internet-based Loss Estimation Tool) incorporates a Geographic Information

System (GIS) component, a risk-estimation engine, and a sophisticated transportationsimulation

engine. When combined, these elements provide a robust online calculation

capability that can estimate damage and losses to buildings and critical transportation

infrastructure in real time during manmade or natural disasters. A Beta version of this

internet web-based program has been developed using Active Server Pages (ASP) and

Java Script to dynamically generate web pages, Manifold IMS as a spatial engine, and

Access as the underlying database. The basic components of this system have been

tested and validated in the calculation of building losses and casualties for a series of

historic earthquake events in Southern California. Preliminary system models have been

created that are based on two major components: disaster simulation and transportation

simulation. These two components interact with an information-acquisition unit which is

where the disaster event is detected and where disaster information is distributed. The

information-acquisition unit also represents where the IT solutions will emerge in the

Transportation Testbed. The Transportation Simulation component represents where

detailed modeling takes place and where transportation system performance is

assessed based on data and information collected on the extent and severity of the

disaster. In the Disaster Simulation component, the impact of the disaster in terms of

economic losses and other impacts (such as casualty levels) is calculated. In this

scheme, the results of the disaster simulation will also feed directly into the

transportation simulation engine to identify damage to key transportation components

and to assess probable impacts (such as traffic delays or disruption) to the

transportation system.

Loss Estimation. Immediately following a significant disaster, it is difficult to obtain a

clear vision of the magnitude and spatial distribution of damage. In the years following

the 1994 earthquake, many earthquake researchers focused on the development of loss

estimation tools to address this deficiency. INLET serves not only as a tool for simulating

events to test the integration of technology into emergency response; it will become the

first online real-time loss estimation system available to the emergency-management

and response community. The loss-estimation utility uses simplified damage functions

from freely-available models and restructures publicly-available GIS databases to

harness SQL for all calculations. The result is an online loss-estimation tool optimized for

speed. Additionally, INLET will use scripts triggered by an actual earthquake to estimate

losses from USGS ShakeMap ground motion estimates.

Transportation. INLET incorporates the functionality of a full stochastic dynamic

network assignment model with destination choice, and incorporates additional research

addressing traffic disruption following manmade and natural disasters. For example, the

model currently illustrates how awareness of a disaster scenario and familiarity with

routing alternatives can impact traffic congestion and evacuation time. Additionally, the
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model will also estimate bridge damage and the economic impacts associated with

disruption of transportation systems.

Discussion of Transportation testbed:
Transportation Testbed

To provide a platform for testing and evaluating the efficacy of information technology

and social science research within the context of regional crisis response, the RESCUE

project is utilizing a multi-dimensional testbed that simulates the performance of large

transportation networks during catastrophic events. The reasons for selecting

transportation networks are three-fold: 1) transportation networks are geographically

very large, and therefore, are susceptible to a broad range of hazards or events; 2)

because they are interconnected systems, effective performance is often based on the

proper performance of its components, i.e., a damaged component such as a bridge can

disrupt the entire system; and 3) information technology can play a key role in improving

the performance of transportation networks during disasters by identifying problem areas

and implementing more efficient solutions to overcome these problems.

In setting up this testbed, certain criteria were established to ensure that it could

effectively be used as a platform for testing and evaluating the value of information

technologies. These criteria included:

_ The testbed must allow a real-world evaluation of the efficacy of information

technologies for crisis response;

_ The testbed should include two major components: an information technology

and social science (IT-SS) component, and a simulation component;

_ The testbed must be easily accessible to all users, i.e., an internet-based

platform;

_ The testbed must be set up to allow users to define the scope of their test or

evaluation;

_ The testbed must provide quantitative results or feedback quickly.
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The two components defined above (information technology/social science component

and simulation component) have specific objectives. The purpose of the IT-SS

component is to develop methodologies and solutions that allow for more rapid

evaluation of damage or impacts in large disasters, for better communication and

dissemination of data and information between critical response organizations and the

public, and for better decision-making capabilities. An important overall goal of these

technologies is to mitigate the potential for secondary impacts or events, i.e., cascading

failures or incidents.

The purpose of the simulation component is to serve as a surrogate for real-world

conditions in a disaster. This component must be able to simulate results with and

without the use of improved information technologies in order to quantify their value.

Information technology and social science research being performed in the RESCUE

project includes:

_ Dynamic data collection

_ Rendering multimodal data

_ Reliable knowledge from unreliable informants

_ Event extraction from multimodal data streams

_ Adaptive filtering of event streams

_ Damage and impact assessment

_ Optimizing organizational structure in dynamic and evolving virtual organizations

(DEVO)

_ Open distributed computing support for DEVOs

_ Trust management in DEVOs

_ Structured approach to disseminating information

_ Emergent social behavior within the context of a disaster

_ System for customized information delivery

The simulation model will be used to approximate the following conditions:

_ Damaged transportation elements, e.g., bridges

_ Disrupted highway links,

_ Release and spread of gaseous hazardous materials,

_ Travel times (and delays) between destinations with and without technology

solutions

_ Evacuation times with and without technology solutions

The following sections describe the basic framework for the Transportation Testbed, the

simulation scheme for evaluating the value of information technologies during crises,

integration of the transportation testbed with communication networks (cellular), and key

milestones over the next several years.
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Framework. The basic framework for the model that is used in the Transportation

Testbed is described in a paper in the Year 2 Research Highlights (A Centralized Webbased

Loss Estimation and Transportation Modeling Platform for Disaster Response by

H. C. Chung, et al., 2005), which is being provided under separate cover. The Chung

(2005) paper introduces the computational platform that is used to “operationalize” the

Transportation Testbed. The platform is called INLET for Internet-based Loss Estimation

Tool.

INLET has been designed as a web-based solution to test the efficacy of information

technologies within the context of crisis response. The platform offers a centralized,

web-based modeling environment, where the level of effectiveness (as measured by

reduction in expected losses, evacuation times and other impacts) can be determined for

each technology tested. Centralized and wireless dissemination of loss results can

improve response efforts by ensuring 1) that the same information reaches all parties,

thus minimizing the potential for conflicting response, and 2) that critical information be

readily accessible.

The simulation platform consists of seven major blocks, as illustrated in Figure 1. The

first block is the Disaster Simulation module. This module simulates the initial conditions

of the disaster. In the case of earthquake, information on the location and size of the

event, the expected ground motion patterns, an assessment of the number of damaged

buildings and resulting economic loss, the number and locations of damaged highway

bridges, and other impacts such as number of casualties are calculated. The next

module is the Network Configuration module. This module updates the physical

composition of the system by identifying and closing down those highway bridges that

have been impacted by the disaster. In order to perform this assessment, damage

functions and structural fragility models are employed that correlate different

performance states (e.g., operating or not operating) with different levels of damage.

The next module is the Evacuation Demand module. This module is used to quantify

population exposures throughout the study region. In general, this information is needed

in order to determine how many people need to be evacuated from an area. The fourth

module is the Origin-Destination module. In this module, travel patterns are documented

between different transportation analysis zones. This information is critical in

establishing 1) what the likely loads will be on the transportation system during a crisis,

and 2) which areas will be affected by an incident. The Driver’s Behavior module

describes, in a quantitative sense, how drivers’ will respond in different crisis situations

and more importantly, to different messaging. Accurate and complete information can

effectively reduce travel times when viewed in the context of evacuation (see example in

Chung, 2005a) The Dynamic Network Rerouting module is key in characterizing traffic

movement when bridge or highway closures are introduced. An optimized algorithm can

also be useful in identifying efficient strategies to overcome these obstacles. Finally, the

last block provides the end result of the analysis. That is, measuring the performance of

the system under crisis conditions, and more importantly, the performance of the system

when IT solutions are introduced. Initially, we are planning to quantify system

performance using the following measures: a) total time to evacuate; b) total travel time

delays; and c) total casualties resulting from exposure to gaseous toxic materials.

60

Figure 1. Transportation Simulation Model

Simulation Scheme. The simulation scheme is based on modeling the movement of

people in cars both before and after information technologies are applied. For example,

one of the information technology solutions that will be tested is the use of customized

messaging for cell phone users based on where the users are located. Since most cell

phones are geo-locatable, it is possible that custom messages could be sent to cell

phone users based on their current locations. So, in the case of a serious incident (such

as a hazardous materials release), drivers could be instructed to stay away from the

incident or be given directions that will help them evacuate safely away from the

incident. This technology solution (i.e., customized messaging) would be evaluated in

the INLET platform by modifying the parameters of the dynamic network assignment or

routing module in Figure 1, i.e., re-routing drivers based on different levels of information

(see example in Chung 2005). The measure of effectiveness might be the number of

people avoiding the effects of the incident, or the time required to evacuate vehicles from

the affected area.

Another example would be the use of in-situ sensors on bridges or other key

transportation elements in quickly identifying the damage states of these elements after

a large disaster (see Chang et al., 2005 in the Year 2 Research Highlights Volume).

One of the more difficult tasks that structural engineers face after a major earthquake is

assessing the amount of damage caused by the disaster. This task often requires field

inspections that can be time-consuming and limited because of the large demand on

resources. With sensors on key bridges, it is possible that the performance state of

these bridges could be determined in near real-time and relayed back to some central

site for evaluation. The benefits of these rapid evaluations are 1) better information to

prioritize response, 2) more reliable data on “troubled” spots that can be passed on to

drivers in the area, and 3) a more informed basis for assessing the structural safety of

key bridges. The value of this information technology solution could be tested by

modifying the parameters of the Update Network Configuration module.
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Other information technologies that can be evaluated include:

_ Remote sensing to more rapidly quantify the scope and magnitude of the

disaster, especially on a large regional scale;

_ Use of loop sensors to estimate daytime populations in densely-populated areas;

_ Use of cell phones to estimate daytime populations in all areas;

_ Smart transportation traffic systems to more effectively implement traffic

movement after a disaster.

INLET has been designed to ensure user-friendly access to the Transportation Testbed.

The implementation plan calls for a user interface that allows the user to adjust key

parameters within INLET to simulate the conditions that would result if the technology

solution is implemented. For example, in the case of the customized messaging, the

user will be able to adjust the level of information reaching a driver, the percentage of

drivers receiving these customized messages, and the reliability of these messages.

By using the INLET model, researchers will be able to achieve the following: 1) evaluate

the system performance benefits of their research; and/or 2) determine the performance

objectives or criteria for their research in order to achieve measurable benefits.

Integration with Cellular Networks. A future expansion of the Transportation Testbed

could include the addition of cellular networks. Since some of the technology solutions

that will be tested in the Transportation Testbed involve the use of cellular networks, the

research team is considering merging the cellular network models being developed by

both UCSD and UCI with the transportation simulation model.

Figure 2 shows a possible configuration for this integration. Both networks would be

connected to a crisis simulator. The purpose of this simulator would be to lay out the

initial conditions of the disaster. In the case of earthquake, this could mean the

identification of damaged bridges, the detection of damaged cell towers or other cellular

infrastructure, and conditions where the performance of one network may affect the

performance of the other. For example, if the cellular network is damaged and not

functional in some event, this will directly impact the ability of emergency personnel to

provide custom messages to drivers in these affected areas. Similarly, if the

transportation system is disrupted, this will hamper the ability of cellular companies to

get to affected areas to make repairs.

The simulation engines for both networks can also be merged in such a way as to

provide real support during actual emergencies. For example, if the state of each system

can be determined quickly and reliably in an actual event (based on the use of the

information technology solutions mentioned above), the simulation engines could

provide the basis for coordinating post-event repairs or response activities for both

systems. That is, the simulation engines for both networks become interactive and

provide “system-level” information that can be used to evaluate different response and

recovery strategies.
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Figure 2. Multi-network Integration Scheme

Transportation Testbed Milestones. The following milestones are presented for the

next several years:

_ Loss estimation modules completed in 2004;

_ Beta-version of INLET online at UCI in early 2005;

_ Transportation module completed by Fall 2005;

_ User-interface protocols finalized by Summer 2005;

_ First tests initiated in Fall 2005 or Spring 2006;

_ Beta-testing of INLET at government partner’s site, Spring 2006;

_ INLET ready as operational testbed in Summer 2006;

_ Final version of INLET delivered to government partner(s) in Fall 2006.
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Discussion of Transportation Testbed and Simulation:

Transportation Testbed 
The goal of this testbed is to provide a platform for testing and validating information technology and social science research within the context of regional crisis response. In facilitating this goal, four major research thrust areas are identified: 1) information collection; 2) information analysis; 3) information sharing; and 4) information dissemination. Some of the key considerations that are being addressed include: 

1. Testbed must allow a real-world evaluation of the efficacy of information technologies in crisis response. 

2. To test, evaluate and validate information technology research, the testbed has been setup to include two major components: an information technology and social science (IT-SS) component, and a simulation component. 

3. The purpose of the IT-SS component is to develop methodologies and tools that will allow for more rapid evaluation of damage in large disasters, for better communication of data and information between critical response organizations (e.g., first responders, decision-makers) and the public. The ultimate goal of these technologies is to mitigate the secondary impacts of large regional disasters, i.e., preventing cascading failures or incidents. 

4. The purpose of the simulation component is to serve as a surrogate for real-world conditions in a disaster. This component must be able to simulate results with and without the use of improved information technologies in order to estimate their efficacies. 

5. Information Technology and Social Science research shall include: 

􀂃Dynamic data collection, e.g., loop sensors 

􀂃Event extraction 

􀂃Damage detection using remote sensing 

􀂃Social networks, unreliable information analysis 

􀂃Publish-subscribe based event integration 

􀂃Real-time DEVO (Dynamic and Evolving Virtual Organizations) middleware 

􀂃Trust management 

􀂃Contextualize dissemination and robust ABC networking 

􀂃Information diffusion models 

􀂃Social factors and information release (panic modeling) 

􀂃Evacuation and response 

6. Simulation models will be used to approximate the following conditions or physical states: a) regional earthquake damage to buildings; b) casualty levels from building damage and exposure to hazardous materials; c) the fragility of critical bridge structures; d) traffic patterns – in a metropolitan context - before and after a large disaster, e.g., earthquake; e) the behavior of mass populations after large disasters; f) driver behavior in mass evacuations, g) incident reports from emergency response organizations, e.g., police, fire and ambulances; and h) the release and spread of gaseous hazardous materials. 

Figure 2-2 shows key milestones for the transportation testbed. The figure separates the two major components of this testbed: simulation models and information technology research. 

Figure 2-2. Key Milestones for Transportation Testbed YEAR 5YEAR 4Event ExtractionDamage Assessment of Bridges Using Remote SensingYEAR 2YEAR 3Dynamic DataCollection (loopsensors)Social Networks, Unreliable Information AnalysisInformation diffusion modelsTransportation TestbedTrust ManagementContextualized Dissemination and Robust ABC NetworkingReal-time DEVO MiddlewarePublish-Subscribe Based Event IntegrationSocial factors and informationrelease (panic modeling)Evacuation ResponseYEAR 1Loss EstimationSoftware –BuildingDamage & Casualties(Y1 –Y2)Micro-simulationTraffic Models, includingRerouting Algorithms(Y1 –Y3)Bridge Fragility Models, including Traffic Capacities vs. Damage States (Y1 –Y2)Actual orSimulated 9/11 Data(Y1 –Y3)Hazardous Materials ReleaseModel(Y2)Behavioral Models for Large-Scale Disasters (Y2-Y3)GIS System for Tracking Events and Incidents (Y1-Y4)SIMULATION MODELSINFORMATION TECHNOLOGYRESEARCHYEAR TECHNOLOGYRESEARCH
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