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Some Uses of Dynamic Data-Driven Application
Simulation Techniques 11

Craig C. Douglas and Deng L.

University of Kentucky, Department of Computer Science
773 Anderson Hall, Lexington, KY 40506-0046, USA
Guan Qin
Texas A&M University, Institute for Scientific Computation

612 Blocker Hall, 3404 TAMU, College Station, TX 77843-3404, USA
DDDAS projects are highly multidisciplinary in nature and are developing comprehensive IT

tools, mathematical models, and prototype infrastructure for disaster modeling and management.
The projects will bring comprehensive information and numerical prediction where it is needed,
at the disaster command center, in real time.
In Part I, we presented general DDDAS concepts and requirements. In Part II, we discuss
specific DDDAS projects at the University of Kentucky and provide the second half of the NSF
supported DDDAS project titles.
At the University of Kentucky, our group is working on three DDDAS projects, each funded
by the National Science Foundation:
® [TR/NGS: Collaborative Research: DDDAS: Data Dynamic Simulation for Disaster
Management

® [TR: Collaborative Research: Predictive Contaminant Tracking Using Dynamic Data
Driven Application Simulation (DDDAS) Techniques

® DDDAS-TMRP: Collaborative Research: Adaptive Data-Driven Sensor Configuration,
Modeling, and Deployment for Oil, Chemical, and Biological Contamination near
Coastal Facilities

The project, ITR/NGS: Collaborative Research: DDDAS: Data Dynamic Simulation for
Disaster Management is headed locally by Prof. Douglas and headed as a consortium by Prof.
Jan Mandel. NGS stands for Next Generation Software. The emphasis is on wildland fire
modeling, simulation, prediction, and a major milestone is to provide real-time information to
people fighting actual fires. The final test of the project will be to do a full scale test with a
prescribed burn of a mountainside in 2007. There are five institutions participating in the
wildland fire project. The primary researchers and what each contributes briefly at each

institution are as follows:

® University of Colorado at Denver: Jan Mandel, Leo Franca, and Craig Johns are

developing new mathematical models for the fire spread.
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® University of Kentucky: Craig Douglas is developing the software framework to add
DDDAS features to the basic problem, networking software to move data inside of a
Grid computing environment with on demand supercomputing on the TeraGrid.

® National Center for Atmospheric Research (NCAR): Janice Coen provides the fire
model and code for simulating a fire the traditional manner. NCAR provides the
atmospheric model and data for weather components that provides boundary conditions
for the fire problem.

® Texas A&M: Wei Zhao and Guan Qin provide network guarantees for moving data from

diverse locations and sensors securely.

® Rochester Institute of Technology: Anthony Vodacek and Robert Kremens provide

sensors and data collection from airplanes flying over fires.

The institutions communicate weekly through a seminar series using web services with
audio and video streaming between all of the sites. Cross training of graduate students and
post-docs occurs through a twice a year workshops at NCAR.

There is another DDDAS project entitled, ITR: Collaborative Research: Predictive
Contaminant Tracking Using Dynamic Data Driven Application Simulation (DDDAS)
Techniques, headed by Prof. Douglas. There are three institutional partners in this project:

® University of Kentucky: Craig Douglas is providing methods for adding DDDAS

features to the basic problem and methods to move data seamlessly from remote
locations.

® University of Utah: Chris Johnson is providing a comprehensive problem solving

environment (SCIRun).

® Texas A&M: Richard Ewing, Raytcho Lazarov, and Yalchin Efendiev are analyzing

DDDAS multiscale interpolation and backward in time error analysis.

This project has created software to easily move data from sensors to computers potentially
far away (e.g., sensors in Rio de Janeiro to computers in any of the above institutions). It uses a
streaming technique similar to Internet radio broadcasts. Listeners can join and leave at any time.
Hence, computers can easily receive data (including recent data readings that are rebroadcast
periodically), simulate something, and quickly provide information that is useful in remediation
or disaster management. The software is being extended so that data is collected in the field, a
simulation is run somewhere, visualization is done somewhere (possibly elsewhere with respect
to the computation), and results can be viewed anywhere, including on a Java enabled PDA or

mobile telephone.
This software will be incorporated into the wildland fire project. The problem solving

environment SCIRun {http://www.sci.utah.edu) has incorporated this software as well as
updating its finite element modules to use state of the art two or three dimensional mixed finite
element bases that were developed as part of the contaminant transport project.
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A third project has started, DDDAS-TMRP: Collaborative Research: Adaptive Data-Driven
Sensor Configuration, Modeling, and Deployment for Oil,Chemical, and Biological
Contamination near Coastal Facilities, headed by Prof.

Douglas, which is extending the second DDDAS project into the area of contaminant
identification in shallow water regions near coasts, rivers, or water reservoirs. There are three
institutional partners in this project:

® University of Kentucky: Craig Douglas and Robert Lodder are providing a sensor to

optically identify contaminants in water as well as a reprogrammable model for the
sensor to dynamically identify other chemicals that are related nearby.

® University of Utah: Chris Johnson and Steve Parker are providing a comprehensive

problem solving environment (SCIRun2).

® Texas A&M: Richard Ewing, Yalchin Efendiev, Raytcho Lazarov, and Guan Qin are

analyzing DDDAS multiscale interpolation and backward in time error analysis and
providing support for a Data Center approach to data libraries on a massive scale.

® University of Miami: Mohamed Iskandarani is providing an ocean model to let us track

how contaminants identified are spreading.

A good example of this project is that a drone is operating off the coast of Qatar and
recognizes oil in the water. By dynamically loading into the sensor a chemical library specific to
oil pollution, the sensor can try to detect other chemicals that will identify if a boat has sunk
nearby or if a boat is simply leaking fuel. Depending on the result, one of two very different
computations can be done: trace where the boat sank or trace where the boat came from and
what its travel route is so as to identify the boat and require that it's leak be fixed.

All of the DDDAS projects at the University of Kentucky, along with other projects of Prof.
Douglas, are part of his group's web pages: http://www.mgnet.org/~douglas/ml-dddas.htrni.
Preprints, information pointers, and software can be found there.

A community web site, http://www.dddas.org, has been being developed by Prof. Douglas
with help from about 50 other DDDAS related projects. It currently has a complete project list,
virtual proceedings from workshops from 2000 through 2006, a number of talks on topics that
range from disaster management to transportation to homeland security to how a bat flies, news
items, and pointers to working DDDAS codes. Most of the projects listed are from the United
States. International projects are added as information is provided for the site. A complete list of
DDDAS projects from 2000 to 2006 are listed in the Projects web page.

DDDAS research is almost always multidisciplinary, involving researchers froma number of
fields that do not normally talk to each other. There is a learning curve that is nontrivial.
DDDAS applications are usually complicated, getting data is usually difficult, and there is
already large scale research ongoing using traditional, take initial data and just run a simulation
some period of time, and look at the results. Adding dynamic component changing requires a
small number of specialists that are rarely in one location. The next logical step for DDDAS is to
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cross international borders when forming research and application teams. This will provide

significant advances to science and engineering while also promoting international cooperation.
Appendix B. Quite Recently Funded National Science Foundation DDDAS Project Titles 11

(I-2)
°

In Silico De Novo Protein Design: A Dynamically Data Driven (DDDAS)
Computational and Experimental Framework

Integrated Wireless Phone Based Emergency Response System (WIPER)

Integrating Multi-path Measurements with Site Specific RF Propagation Simulations
Interactive Data-driven Flow-simulation Parameter Refinement for Understanding the
Evolution of Bat Flight

Linked Environments for Atmospheric Discovery (LEAD)

Measuring and Controlling Turbulence and Particle Populations;

MIPS: A Real-Time Measurement-Inversion-Prediction-Steering Framework for
Hazardous Events

Multiscale Data-Driven POD-Based Prediction of the Ocean

Optimal interlaced distributed control and distributed measurement with networked
mobile actuators and sensors

Optimizing Signal and Image Processing in a Dynamic, Data-Driven Application
System

Planet-in-a-Bottle: A Numerical Fluid-Laboratory

Poseidon - Rapid Real-Time Interdisciplinary Ocean Forecasting: Adaptive Sampling
and Adaptive Modeling in a Distributed Environment

Real Time Mining of Integrated Weather Data

Real-Time Astronomy with a Rapid-Response Telescope Grid

Representations and Algorithms for Deformable Objects

Robustness and Performance in Data-Driven Revenue Management

Simulation Transformation for Dynamic, Data-Driven Application Systems

Stochastic Multicue Tracking of Objects with Many Degrees of Freedom

Synthetic Environment for Continuous Experimentation

Targeted Data Assimilation for Disturbance-Driven Systems: Space weather forecasting
The Instrumented Oil Field of the Future
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Finite Element Methods and Their Application
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