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J. Burkart, J. Stawasz, and A. White
Institute for Advanced Technology, Austin, Texas

Abstract—This project develops a single reference point for information on the existing 222
research and development organizations at The University of Texas at Austin (UT) that may
have emerging technologies or concepts with potential applications in meeting the requirements
of the Department of Defense (DoD) and the Department of Homeland Security (DHS), to
include Chemical, Biological, Radiological, and Nuclear (CBRN) measures. This report will
discuss the methodology used, provide a spreadsheet with links to the UT organizations, and
refine this organizational list into groups of likely candidates based on the DoD and DHS
criteria.

Project 14: Training of Military Officers

The purpose of this project is to develop a methodology that provides easily accessible
information on the research and development organizations at The University of Texas at Austin
(UT). There were 222 research organizations identified by this study. The efforts of these
organizations are analyzed to discover whether they might fulfill the emerging requirements of
both the Department of Defense (DoD) and the Department of Homeland Security (DHS). The
results of this analysis will be tailored for presentation to three different levels of audience using
a wide variety of media platforms.

This project will be conducted in three phases, based upon the level of the targeted
audience and the depth to which the areas of research must be explored to reach the necessary
level of technical detail. The first phase targets the General Officer/Senior Executive Service
(Program Executive Officer/Program Manager) audience level for initial analysis. A sample
lesson plan for a Phase | audience can be found in Appendix A.

Research Methods

The initial task of the project was to develop a comprehensive listing of the current and
projected research efforts being conducted under the aegis of UT. The data gathered were
combined into an electronic database, which could then be utilized to provide reports on research
organizations at UT tailored to user research interests. To build the database, the project team
reviewed multiple web sites of ongoing and projected research at UT in order to identify research
organizations. While many of these web sites contained lists of research centers, none of the sites
were comprehensive across the entire university. There appears to be no standard format for
research web sites at UT. The web pages found were at various levels of development. It took
several weeks of searching to gather the information and create the database of research centers,
which consolidates the research efforts at UT into a standardized informational format. This
format includes the name of the research center, the hierarchical structure within the university’s
organization, a web site URL, a description about the research center, a statement of the research
center’s current research, and keywords useful in searching the database. In order to allow the
experts to describe their own research areas, the content in the database was acquired verbatim



from the research centers’ web sites. An output report from the database listing all research
centers can be found in Appendix B.

To begin the process of locating potential research organizations, the team first analyzed
the official UT web site (http://www.utexas.edu), which provided information about the research
areas in which UT is involved. Each college and academic wunit at UT
(http://www.utexas.edu/dept/) and the departmental home pages were investigated to determine
the existence of research units and ongoing research activities. Many of the pages had links to
“research”; however, the faculty pages—and some student pages—were also analyzed to learn of
research interests and projects. The investigations were done using a “snowball” approach—
finding a page that appeared helpful and then branching out from there using the links provided
on the page. This method allowed the team to find facilities and groups conducting research at
UT that were not considered “organized” research units.

In addition to searching each of the 17 academic units at UT, the Provost’s web site
(http://www.utexas.edu/provost/) was also analyzed to locate cross-disciplinary research being
conducted by UT that may not necessarily be attributed to just one school or college. All
organizations listed on the Provost’s list of Organized Research  Units
(http://www.utexas.edu/provost/research/oru/index.html) were reviewed. The documents located
on, or linked to, the homepage of the Office of Institutional Research
(http://www.utexas.edu/academic/oir/) were also reviewed, including the Statistical Handbook
and Common Data Set. Organizational charts from the web page of the Office of the Executive
Vice President and Provost (http://www.utexas.edu/provost/about/orgcharts/index.html) and the
web page of the Office of the Vice President for Research (http://www.utexas.edu/research/vp/)
were also reviewed to locate research support units.

After the research centers were identified, Telelogic’s Dynamic Object Oriented
Requirements System (DOORS) and the Intelligent Crosswalk Evaluation Tool (ICE-T) were
selected as the appropriate tools to create the project database. DOORS is being used by the
Program Executive Office-Simulation Training and Instrumentation (PEO-STRI) as the primary
data repository and requirements tracking database. The tool was used to develop the database
portion of this project with permission from the PEO-STRI DOORS manager. Members of the
PEO-STRI Requirements Synchronization and Assessment (RS&A) core team have used
DOORS Extension Language (DXL) scripting to add functionality to DOORS. Specifically, the
members from DESE Corporation, working as subcontractors to the Training and Doctrine
Command (TRADOC) Program Integration Office-Battle Command (TP1O-BC), have used
DXL to create ICE-T.

DOORS allows importing and exporting of files using various formats, including
Microsoft Office products. Data can be analyzed and sorted within the DOORS tool and then
exported to a more popular format, such as Microsoft Excel, for greater distribution. While
DOORS is designed with a proprietary database format, it does allow for modifications to the
tool using DXL scripting. ICE-T, a combined search, filter, and linking tool, can be used to parse
through a document and create a list of all words within that document. A word and phrase list
can be created, providing a searchable index. The document(s) can be searched using the index,
and matching documents can be linked for later traceability.

For this project, DOORS and ICE-T were utilized to provide a stable, traceable,
searchable list of the research centers at UT. Categories were created in the database for each



research center including the name of the research center, the department to which the center
reports, the center’s web site URL, information about the center, the center’s current research,
and categories to evaluate the center’s ability to meet DoD and DHS research needs. To create an
index of terms, ICE-T was used to quickly parse through the text in the database categories of
“center name,” “about center,” and “current research.” The index was used to create keywords
for the research centers, which were then used to determine the applicability of each center to the
needs of the DoD and DHS. In this way, a controlled vocabulary list was created that can be used
to index and retrieve appropriate centers based on the need of the database user.

After the database was created, several test cases were attempted to verify the validity of
the database and its applicability to the needs of the DoD and DHS. The next phase in the project
was to choose two scenarios from which to develop test cases. The test scenarios that were
chosen were the concepts of full spectrum dominance, a DoD initiative derived from the Joint
Vision 2020 (JV2020), and homeland security criteria gleaned from the DHS official web site.

Department of Defense Evaluation Criteria

During this phase, the team developed a set of criteria for assessing the feasibility of
using current research at UT to support DoD initiatives as described in the JV2020 contemporary
operating environment (COE). To meet this requirement, the project team reviewed JV2020,
U.S. Army Objective Force materials, and related future contemporary operating environment
projections in order to develop a set of criteria for use in demonstrating the application of
emerging technologies. The concept of full spectrum dominance was chosen as the test case for
the DoD phase of the project. Full spectrum dominance is the military’s plan to maintain an
advantage over enemies through six facets: dominant maneuver, precision engagement, focused
logistics, full dimensional protection, information operations, and joint command and control.
Each individual facet was used as a separate criterion, each of which is described in detail in the
following paragraphs. After a description of each criterion, a chart lists the research centers at
UT that may have projects applicable to that criterion.

To begin at a high aggregate level, the team proposes that the 20 UT research
organizations listed in Table 1 provide the most likely candidates for further evaluation to
support the concepts of full spectrum dominance espoused in JV2020 and related publications.
These organizations each supported three or more of the full spectrum dominance criteria.

Table 1. Top 20 Potential Full Spectrum Dominance Research Organizations

Research Organization ID
Visualization Laboratory ut_192
Construction Automation Laboratory ut 23
Bureau of Engineering Research ut 4
Geotechnical Engineering Center (GEC) ut 25
Embedded Signal Processing Laboratory ut 30
Center for Computational Finance ut 149
Institute for Advanced Technology ut 182
Center for Subsurface Modeling ut 191
Texas Advanced Computing Center (TACC) ut 194



Research Organization ID

Center for Transportation Research ut 7
Computer and Vision Research Center (CVRC) ut 28
IGERT: Optical Biomedical Engineering ut 32
Robotics Research Group ut 56
Real Time Systems Group ut 119
Applied Research Laboratories ut 176
Center for Electromechanics ut_179
Center for lonospheric Research ut_186
Center for Business Decision Analysis ut_197
Center for Business Measurement and Assurance Services

(BMAS) ut 198
Center for Management of Operations and Logistics ut 201

The following defined criteria provide a more detailed review of full spectrum dominance
by assessing the tenets that comprise the overall concept.

The first full spectrum dominance criterion is dominant maneuver. As defined in JV2020:

Dominant maneuver-the ability of joint forces to gain positional advantage with
decisive speed and overwhelming operational tempo in the achievement of
assigned military tasks. Widely dispersed joint air, land, sea, amphibious, special
operations and space forces, capable of scaling and massing force or forces and
the effects of fires as required for either combat or noncombat operations, will
secure advantage across the range of military operations through the application
of information, deception, engagement, mobility and counter-mobility capabilities
(JVv2020, p. 20).

Table 2 depicts the research organizations at UT that have been identified as having
projects that may be applicable to dominant maneuver.

Table 2. Dominant Maneuver Research Organizations

Research Organization ID
Center for Electromechanics ut 179
Center for lonospheric Research ut 186
Center for Subsurface Modeling ut_191
Center for Transportation Research ut 7
Construction Automation Laboratory ut 23
Geotechnical Engineering Center (GEC) ut 25
Institute for Advanced Technology ut_182
Visualization Laboratory ut_192

The second criterion for full spectrum dominance is precision engagement, which is
defined in JV2020 in the following way:



Precision engagement-the ability of joint forces to locate, surveil, discern, and
track objectives or targets; select, organize, and use the correct systems; generate
desired effects; assess results; and reengage with decisive speed and
overwhelming operational tempo as required, throughout the full range of military
operations (JV2020, p. 22).

Table 3 depicts the research organizations that may be applicable to precision engagement issues.

Table 3. Precision Engagement Research Organizations

Research Organization ID
Acoustics Program ut_44
Applied Research Laboratories ut 176
Bureau of Engineering Research ut 4
Center for Electromagnetic Materials and Devices (CEMD) ut_218
Center for Electromechanics ut 179
Center for Space Research Remote Sensing Group ut 6
Computer and Vision Research Center (CVRC) ut 28
Electromagnetic Scattering Group ut_29
Embedded Signal Processing Laboratory ut 30
Environmental Science Institute ut 152
IGERT: Optical Biomedical Engineering ut_32
Institute for Advanced Technology ut 182
Texas Advanced Computing Center (TACC) ut_194
Visualization Laboratory ut 192
Wireless Networking and Communications Group (WNCG) ut 42

The third criterion for full spectrum dominance is focused logistics, defined in JV2020
as:

Focused logistics—the ability to provide the joint force the right personnel,
equipment, and supplies in the right place, at the right time, and in the right
quantity, across the full range of military operations. This will be made possible
through a real-time, web-based information system providing total asset visibility
as part of a common relevant operational picture, effectively linking the operator
and logistician across Services and support agencies. Through transformational
innovations to organizations and processes, focused logistics will provide the joint
warfighter with support for all functions (J\VV2020, p. 24).

Table 4 depicts the research organizations that may have applications to focused logistics.



Table 4. Focused Logistics Research Organizations

Research Organization ID
Bureau of Economic Geology ut 177
Bureau of Engineering Research ut 4
Center for Business Decision Analysis ut_197
Center for Business Measurement and Assurance Services (BMAS) ut_198
Center for Computational Finance ut 149
Center for Electromechanics ut_179
Center for Management of Operations and Logistics ut 201
Center for Subsurface Modeling ut 191
Center for Transportation Research ut 7
Clean Energy Technologies (CET) group ut_45
Construction Automation Laboratory ut_23
Environmental Solutions Program ut 164
Geotechnical Engineering Center (GEC) ut_25
Institute for Advanced Technology ut 182
Machine Learning Research Group ut_110
Phil M. Ferguson Structural Engineering Laboratory ut_26
Real Time Systems Group ut 119
Robotics Research Group ut 56
Solar Energy Laboratory ut 57
Visualization Laboratory ut_192

The fourth criterion is full dimensional protection. The JV2020 defines full dimensional
protection in the following way:

Full dimensional protection—the ability of the joint force to protect its personnel
and other assets required to decisively execute assigned tasks. Full dimensional
protection is achieved through the tailored selection and application of
multilayered active and passive measures, within the domains of air, land, sea,
space, and information across the range of military operations with an acceptable
level of risk (JV2020, p. 26).

Table 5 shows the research centers that may have applicability to full dimensional
protection issues.



Table 5. Full Dimension Protection Research Organizations

Research Organization ID
Acoustics Program ut 44
Applied Research Laboratories ut 176
Beckman Center for the Design and Fabrication of Sensor Arrays ut_92
Bureau of Economic Geology ut 177
Center for Computational Finance ut 149
Center for Molecular and Cellular Toxicology ut_142
Center for Pharmacoeconomic Studies ut 143
Center for Strategic and Innovative Technologies ut_180
Center for Subsurface Modeling ut 191
Center for Transportation Research ut 7
Computer and Vision Research Center (CVRC) ut 28
Construction Automation Laboratory ut 23
Drug Dynamics Institute ut 144
Embedded Signal Processing Laboratory ut 30
Environmental Science Institute ut 152
Environmental Solutions Program ut 164
Geotechnical Engineering Center (GEC) ut 25
Graphics Lab ut 48
Human Factors Research Project ut 72
IGERT: Optical Biomedical Engineering ut_32
Institute for Advanced Technology ut 182
Institute for Computational and Engineering Sciences (ICES) ut 183
NIH Biotechnology Training Grant ut 154
Nuclear and Radiation Engineering Program ut 54
Phil M. Ferguson Structural Engineering Laboratory ut 26
Texas Advanced Computing Center (TACC) ut 194
Visualization Laboratory ut 192

The fifth criterion for full spectrum dominance is information operations, which is
defined as follows:

Information operations—those actions taken to affect an adversary’s information
and information systems while defending one’s own information and information
systems. Information operations also include actions taken in a noncombat or
ambiguous situation to protect one’s own information and information systems as
well as those taken to influence target information and information systems
(JV2020, p. 28).

Table 6 depicts research organizations that may have applicability to information
operations.



Table 6. Information Operations Research Organizations

Research Organization ID
Advanced Communication Technology Lab (ACT Lab) ut 3
Algorithms and Computational Theory ut 98
Applied Research Laboratories ut 176
Artificial Intelligence Laboratory ut 99
Automatic Programming ut 100
Automatic Theorem Proving Group ut 101
Bureau of Engineering Research ut 4
Center for Agile Technology (CAT) ut 178
Center for Business Decision Analysis ut 197
Center for Business Measurement and Assurance Services (BMAS) ut 198
Center for Cognitive Science ut_69
Center for Computational Finance ut 149
Center for Electromagnetic Materials and Devices (CEMD) ut_218
Center for lonospheric Research ut 186
Center for Management of Operations and Logistics ut 201
Center for Numerical Analysis ut 190
Center for Perceptual Systems ut 150
Center for Subsurface Modeling ut_191
Children's Research Laboratory ut 70
Computer and Vision Research Center (CVRC) ut 28
Computer Architectures and Technology (CART) ut 102
Computer Engineering Research Center ut 13
Computer Graphics Laboratory ut 103
Construction Automation Laboratory ut 23
Data Mining Lab ut_104
Embedded Signal Processing Laboratory ut 30
Geotechnical Engineering Center (GEC) ut 25
IC2 Institute ut 181
IGERT: Optical Biomedical Engineering ut_32
Institute for Computational and Engineering Sciences (ICES) ut 183
Knowledge-Base Research Group ut 106
Lab for Advanced Systems Research (LASR) ut_107
Lab for Experimental Computer Science (LECS) ut 108
Lab for Experimental Software Systems (LESS) ut_109
Laboratory for Artificial Neural Systems ut 33
Laboratory for Computer Architecture ut 34
Laboratory for Image and Video Engineering ut_35
Laboratory for Intelligent Processes and Systems ut 36
Linguistics Research Center ut_63
Machine Learning Research Group ut 110
Multiprogramming Multiprocessors ut 111
Natural Language Acquisition Group ut 112
Networking Research Lab ut 113
Neural Networks Research Group ut_123
Neuro Engineering Research and Development Laboratory (NERD) ut 53
Parallel Programming Group ut 116



Research Organization ID

Product-Line Architecture Research Group ut_117
Qualitative Reasoning Research Group ut 124
Real Time Systems Group ut_119
Robotics Research Group ut 56
Scientific Computing and Numerical Analysis ut_120
Telecommunications and Signal Processing Research Center ut 41
Texas Advanced Computing Center (TACC) ut 194
Visualization Laboratory ut_192
Wireless Networking and Communications Group (WNCG) ut 42
Wireless Systems Innovations Laboratory ut_43

The final criterion which composes full spectrum dominance is joint command and
control. According to JV2020:

Joint Command and Control is the exercise of authority and direction by a
properly designated commander over assigned and attached forces in the
accomplishment of the mission (JV2020, p. 31).

Table 7 shows those organizations that may have application to joint command and control
issues.

Table 7. Joint Command and Control Research Organizations

Research Organization ID
Advanced Communication Technology Lab (ACT Lab) ut 3
Algorithms and Computational Theory ut 98
Artificial Intelligence Laboratory ut_99
Bureau of Engineering Research ut 4
Center for Business Decision Analysis ut_197
Center for Business Measurement and Assurance Services (BMAS) ut 198
Center for Cognitive Science ut_69
Center for Computational Finance ut_149
Center for lonospheric Research ut 186
Center for Management of Operations and Logistics ut 201
Center for Perceptual Systems ut 150
Children's Research Laboratory ut_70
Computer Graphics Laboratory ut 103
Construction Automation Laboratory ut 23
Data Mining Lab ut_104
Embedded Signal Processing Laboratory ut 30
Human Factors Research Project ut_72
IC2 Institute ut 181
Knowledge-Base Research Group ut_106
Laboratory for Artificial Neural Systems ut_33
Laboratory for Intelligent Processes and Systems ut 36



Research Organization ID

Natural Language Acquisition Group ut 112
Neural Networks Research Group ut_123
Neuro Engineering Research and Development Laboratory (NERD) ut 53

Qualitative Reasoning Research Group ut 124
Real Time Systems Group ut 119
Robotics Research Group ut_56

Scientific Computing and Numerical Analysis ut 120
Texas Advanced Computing Center (TACC) ut 194
Visualization Laboratory ut_192

Department of Homeland Security Evaluation Criteria

After completing the DoD full spectrum dominance test case, the team developed a set of
criteria for assessing the feasibility of using current research at UT to support DHS initiatives. To
meet this requirement, the project team reviewed the DHS web site for potential areas of research
in application of emerging technologies. According to the web site, homeland security is divided
into nine areas: chemical, biological, radiological, and nuclear (CBRN) countermeasures;
explosive detection; improvised device defeat; infrastructure protection; investigative support
and forensics; personnel protection; physical security; surveillance, collection and operations;
and tactical operations support. These nine categories were used to evaluate the research
organizations to see which of the UT centers might support DHS initiatives. Each category will
be described in detail in the following paragraphs.

At a high aggregate level, the team proposes that the following 29 UT research
organizations are the most likely candidates for further evaluation to support DHS initiatives.
The organizations listed in Table 8 each supported two or more of the homeland security criteria.

Table 8. Potential Homeland Security Research Organizations

Research Organization ID
Computer and Vision Research Center (CVRC) ut 28
Applied Research Laboratories ut 176
Electromagnetic Scattering Group ut 29
Embedded Signal Processing Laboratory ut 30
IGERT: Optical Biomedical Engineering ut_32
Laboratory for Artificial Neural Systems ut 33
Construction Automation Laboratory ut 23
Biomedical Engineering Laser Laboratory (BELL) ut_27
Artificial Intelligence Laboratory ut 99
Computer Engineering Research Center ut 13
Laboratory for Image and Video Engineering ut 35
Wireless Networking and Communications Group (WNCG) ut 42
Robotics Research Group ut 56
Linguistics Research Center ut 63
Data Mining Lab ut_104
Lab for Advanced Systems Research (LASR) ut 107

10



Research Organization ID

Lab for Experimental Computer Science (LECS) ut 108
Machine Learning Research Group ut 110
Networking Research Lab ut 113
Qualitative Reasoning Research Group ut 124
Center for Perceptual Systems ut_150
Texas Materials Institute ut 159
Surface Analysis Facility ut 162
Center for Strategic and Innovative Technologies ut 180
IC2 Institute ut_181
Center for lonospheric Research ut 186
Texas Advanced Computing Center (TACC) ut 194
Center for Business Decision Analysis ut_197
Center for Management of Operations and Logistics ut 201

The DHS web site for the Technical Support Working Group defines CBRN in the
following ways:

Chemical, Biological, Radiological, and Nuclear (CBRN) Countermeasures

Decontamination—mitigate the effects of chemical and biological contamination
of people, equipment, and facilities.

Detection—collect, identify, and measure CBRN materials. Analyze and assess
the extent of contamination in office environments, air, water, and food.

Information Resources—hardware, software, and data products to address the
needs of responders.

Protection—develop and test affordable protection equipment for personnel and
buildings.

Training—develop advanced training tools to improve the effectiveness and
coordination of interagency response  (http://www.tswg.gov/tswg/cbrnc/
cbrnc_ma.htm).

Table 9 depicts the organizations that may have applicable projects to support the CBRN
Issues.

Table 9. Chemical, Biological, Radiological, and Nuclear Research Organizations

Research Organization ID
Amarillo National Resource Center ut 193
Anslyn Research Group ut 225
Beckman Center for the Design and Fabrication of Sensor Arrays ut 92
Belcher Group ut_227
Biomedical Engineering Laser Laboratory (BELL) ut 27
Brent Iverson Bioorganic Chemistry Labs ut 222
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Research Organization ID

Bureau of Economic Geology ut 177
Center for Biological and Medical Engineering ut 21
Center for Molecular and Cellular Toxicology ut_142
Center for Nano- & Molecular Science and Technology ut 160
Center for Research in Water Resources (CRWR) ut 12
Center for Space Research Remote Sensing Group ut 6
Center for Strategic and Innovative Technologies ut_180
Ellington Lab ut_219
Environmental Solutions Program ut 164
George Georgiou Biomolecular Engineering Labs ut 221
Geotechnical Engineering Center (GEC) ut_25
IGERT: Optical Biomedical Engineering ut_32
Institute for Advanced Technology ut 182
Laboratory for Intelligent Processes and Systems ut 36
Laboratory of Electrochemistry ut_97
McDevitt Group ut_223
Micro-electromagnetics device group ut 38
Nuclear and Radiation Engineering Program ut 54
Nuclear Engineering Teaching Laboratory ut 55
Payne Lab ut 220
Phil M. Ferguson Structural Engineering Laboratory ut 26
Robertus Research Group ut 226
Shear Group ut 224
Texas Materials Institute ut 159
University Research Alliance ut 185

The TSWG describes the functions of explosive detection as follows:
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Explosives Detection

Standoff Detection—investigate unique physical and chemical phenomena that
identify the presence of explosives, and the physical limits for sensor technology
to respond to the phenomena.

Short-Range Detection Diagnostics—uvehicle entry point screening, diagnostic
analysis of improvised explosive device. Detection Rate, throughput, safety, and
accuracy in identification of explosives.

Marking Agents—improved manufacture and detection of marking agents.

Canine—training tools, protocols, and technologies that support and/or enhance
canine detection of explosives.

Cargo Screening—enhanced capability to detect explosives concealed in cargo.
Detection Rate, variability of cargo content, safety, and impact on stream of
commerce (http://www.tswg.gov/tswg/ed/ed_ma.htm).

Table 10 shows the research organizations that may be applicable to assisting with
explosive detection.

Table 10. Explosives Detection Research Organizations

Research Organization ID
Applied Research Laboratories ut_176
Computer and Vision Research Center (CVRC) ut 28
Electromagnetic Scattering Group ut 29
Embedded Signal Processing Laboratory ut 30
IGERT: Optical Biomedical Engineering ut 32
Surface Analysis Facility ut 162
Texas Materials Institute ut 159

Improvised Device Defeat is the third criterion and is defined as:

Improvised Device Defeat

Defeat—enhance the capabilities of bomb technicians to render improvised
terrorist devices safe. Develop defeat technologies for explosive, chemical,
radiological, and vehicle borne devices.

Diagnostics—non-intrusively determine device type by function. Provide rapid
diagnostic capability for very large devices. Remote and non-intrusive
identification of explosive compounds, operational evaluation of neutron
interrogation technology, non-intrusive detection of anti-handling devices
associated with improvised explosive devices.

Emerging Explosive Threats—tools, equipment, and procedures for bomb
technicians to safely and effectively defeat improvised devices. Analysis of the

13



material and mixtures that are emerging from threat devices to determine
performance characteristics.

Explosive Ordnance Disposal (EOD) Operational Tools—enhanced command
and control tools, data management software, and critical incident technologies to
increase the safety and effectiveness of the EOD communities. Latest intelligence,
technical, and operational trends.

Remote Control Vehicles (RCVs)/Tools—advanced robotic platforms,
manipulation, control systems, navigation technologies, payloads, and
communications (http://www.tswg.gov/tswg/idd/idd_ma.htm).

Table 11 depicts research organizations that have been matched to the improvised device defeat
criterion.

Table 11. Improvised Device Detection Research Organizations

Research Organization ID
Applied Research Laboratories ut 176
Computer and Vision Research Center (CVRC) ut 28
Electromagnetic Scattering Group ut 29
Embedded Signal Processing Laboratory ut 30
IGERT: Optical Biomedical Engineering ut_32
Qualitative Reasoning Research Group ut 124
Robotics Research Group ut 56
Surface Analysis Facility ut 162
Texas Materials Institute ut 159

Infrastructure Protection is the fourth criterion and is defined as:

Infrastructure Protection

Physical Protection—standardized methodologies and decision aids for
vulnerability analysis and enhanced protection of critical elements, including
power generation and transmission systems, water supplies, gas and oil pipelines,
and health services. Evaluate dynamic behavior models of cascading effects and
develop common standards and practices in and between critical infrastructures.

Cyber Security—preventing or mitigating threat to computer networks. Detection,
prevention, response, and alert capabilities.

Information Analysis—enabling analysis and understanding of the information
space. Enhance storage, protection, analysis, and presentation through the
following applications: information control, aggregation control, distributed
processing, collaborative analysis, situational awareness, and adaptive user
experience (http://www.tswg.gov/tswg/ip/ip_ma.htm).

14



Table 12 shows the UT organizations whose research might be applicable to
infrastructure protection issues.

Table 12. Infrastructure Protection Research Organizations

Research Organization ID
Applied Research Laboratories ut 176
Bureau of Economic Geology ut 177
Center for Energy and Environmental Resources (CEER) ut_ 11
Center for Research in Water Resources (CRWR) ut 12
Computational Fluid Dynamics Lab (CFD) ut 18
Computer Engineering Research Center ut 13
Construction Automation Laboratory ut 23
Environmental Science Institute ut 152
Environmental Solutions Program ut_164
Lab for Advanced Systems Research (LASR) ut 107
Lab for Experimental Computer Science (LECS) ut 108
Laboratory for Artificial Neural Systems ut_33
Networking Research Lab ut 113
Offshore Technology Research Center ut 147
Texas Advanced Computing Center (TACC) ut 194
Wireless Networking and Communications Group (WNCG) ut 42

Investigative Support and Forensics is the fifth criterion and is defined as:

Investigative Support & Forensics

Electronic Evidence—computer forensic hardware, software, decryption tools,
extract audio and video images, interdict terrorists.

Questioned Document Examination—standardize criteria and establish scientific
basis for document and handwriting examinations. Computer software programs
for matching documents via handwriting analysis and pattern recognition
algorithms.

Surveillance Technology—Technology (infrared, x-ray, visual, audio/speech),
Type of data (visual, aural, digital). Detection of human deception, polygraphy,
facial thermal imaging, laser Doppler vibrometry.

Energetic and Hazardous Materials Examination—methods for assessing the
size, construction, and composition of improvised explosive devices other
energetic hazardous materials from macro-effects at post blast scenes.

Forensic Biology and Molecular Biochemistry—increase the number of DNA
genetic markers that allow for high quality discrimination and definition
comparisons between individuals and biological evidence. Scientific foundation
to geolocate organic material evidence on the basis of their molecular stable
isotope ratios.
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Friction Ridge Analysis—Latent print examination. Develop more versatile and
affordable reagents that fluoresce; are more sensitive; have increased resolution
without use of a laser; and may be used on a variety of surfaces.

Trace and Impression Evidence Analysis—develop or enhance methods for the
recovery, comparison, analysis, and interpretation of small, often microscopic,
fragments of materials that transfer between people, places, and objects, and
persist there. Trace evidence includes fibers, paint, glass, hair, soil, and pollen.
Impression evidence examination develops methods for identification of firearms,
tools, and other implements through unique comparison of microscopic
impressions on questioned and authenticated specimens.

Crime Scene Response and Related Investigations—Improve the quality of
evidence recognition, documentation, collection and preservation, as well as
protection of examiners from HAZMAT exposure (http://www.tswg.
gov/tswg/isf/isf_ma.htm).

Table 13 shows the research organizations that may help with investigative support and
forensics issues.

Table 13. Investigative Support & Forensics Research Organizations

Research Organization 1D
Artificial Intelligence Laboratory ut 99
Biomedical Engineering Laser Laboratory (BELL) ut 27
Center for Electromagnetic Materials and Devices (CEMD) ut 218
Center for Molecular and Cellular Toxicology ut 142
Center for Perceptual Systems ut_150
Computer and Vision Research Center (CVRC) ut 28
Data Mining Lab ut_104
Electromagnetic Scattering Group ut_29
Embedded Signal Processing Laboratory ut_30
IGERT: Optical Biomedical Engineering ut_32
Institute for Cellular and Molecular Biology (ICMB) ut_80
Laboratory for Artificial Neural Systems ut_33
Laboratory for Image and Video Engineering ut 35
Linguistics Research Center ut 63
Machine Learning Research Group ut 110

Personnel Protection is the sixth criterion and is defined as:

Personnel Protection
Systems that alert and prevent attack on VIP protectees.

Vehicle Protection and Performance—armored passenger vehicles. Enhance the
performance and reliability of the vehicles in a broad range of operational
environments.
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Transparent Armor—Development of advanced lightweight transparent armor
that will provide substantial reduction of the weight and thickness necessary to
obtain the required protection. Major emphasis will continue on extending the
applications for Aluminum Oxynitride (ALON).

Individual Protection Systems—Personal body armor, providing associated
systems that will improve the comfort and effectiveness for the wearer.
Technologies that identify situations where protection personnel and the VIPs in
their care are in need of support and assistance.

Emerging Threats—Systems that identify indications of a potential sniper attack,
provide protection against, and defeat sniper attacks. Technologies will provide
locating information and appropriate countermeasures.

VIP Installation Protection—Supports indications and warning of potential
threats directed against critical installations (http://www.tswg.gov/tswg
/pp/pp_ma.htm).

No organizations at UT were found to support the specific task key words expressed in
the definitions of personnel protection, so no table is included in this section.

Physical Security Technology is the seventh criterion and defined as:

Physical Security Technology

Blast Mitigation—Develop design, construction, and retrofit techniques for new
and existing buildings. Research, develop, and validate new and retrofit
technologies for reducing window and wall debris and strengthening columns to
prevent structural collapse.

Entry Point Screening—Detect explosives, weapons, chemical, and radiological
material, and other contraband on or in personnel, vehicles, vessels, cargo, and
mail.

Intrusion Detection, Assessment, and Delay—Develop intrusion detection
systems, video alarm-assessment systems, specialized intrusion-delay barriers and
subsequent armed response capabilities for protecting outer perimeters, building
perimeters, and key assets. Develop prototype security systems with fewer false
alarms, improved reliability, higher probability of detection and assessment, lower
operation and maintenance costs, and more effective response capabilities with
higher probabilities for neutralizing the adversaries (http://www.tswg.gov/tswg/
ps/ps_ma.htm).

Table 14 shows the research organizations that might support physical security
technologies.

17



Table 14. Physical Security Technology Research Organizations

Research Organization ID
Beckman Center for the Design and Fabrication of Sensor Arrays ut 92
Biomedical Engineering Laser Laboratory (BELL) ut 27
Center for Strategic and Innovative Technologies ut 180
Construction Automation Laboratory ut 23
Construction Materials Research Group (CMRG) ut 24
Integrated Mechanics of Processing and Composites Manufacturing Technologies (IMPACT) Lab ut_50
Laboratory for Artificial Neural Systems ut_33
Phil M. Ferguson Structural Engineering Laboratory ut_26

Surveillance, Collection, and Operations Support is the eighth criterion and is defined as:

Surveillance, Collection and Operations Support

Traditional Surveillance—collection and enhancement of video, imagery, and
audio surveillance.

Analytic Surveillance—Developing automated tools that utilize biometrics,
pattern recognition, voice and speaker recognition, and database technologies to
identify terrorists.

Command, Control, Communications, Computers, Intelligence, Surveillance, and
Reconnaissance (C4ISR)—Develop initiatives such as tagging, tracking, and
locating (TTL), special sensors, and communications that improve the capability
to locate, identify and track terrorists and terrorist activities.

Information Operations—Exploit digital information age technology through the
development and optimization of tools used to degrade, disrupt, deny, or destroy
adversary information and information systems (http://www.tswg.gov/tswg/
scos/scos_ma.htm).

Table 15 shows the research organizations that may have projects applicable to
surveillance, collection, and operations support issues.
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Table 15. Surveillance Collection and Operations Research Organizations

Research Organization 1D
Advanced Communication Technology Lab (ACT Lab) ut 3
Algorithms and Computational Theory ut_98
Applied Research Laboratories ut 176
Artificial Intelligence Laboratory ut_99
Automatic Programming ut_100
Automatic Theorem Proving Group ut_101
Biomedical Engineering Laser Laboratory (BELL) ut_27
Bureau of Engineering Research ut 4
Center for Agile Technology (CAT) ut_178
Center for Business Decision Analysis ut_197
Center for Business Measurement and Assurance Services (BMAS) ut 198
Center for Cognitive Science ut_69
Center for Computational Finance ut 149
Center for lonospheric Research ut_186
Center for Management of Operations and Logistics ut 201
Center for Numerical Analysis ut_190
Center for Perceptual Systems ut_150
Center for Subsurface Modeling ut_191
Children's Research Laboratory ut_70
Computer and Vision Research Center (CVRC) ut 28
Computer Architectures and Technology (CART) ut 102
Computer Engineering Research Center ut 13
Computer Graphics Laboratory ut 103
Construction Automation Laboratory ut 23
Data Mining Lab ut_104
Embedded Signal Processing Laboratory ut_30
Geotechnical Engineering Center (GEC) ut_25
Human Factors Research Project ut 72
IC2 Institute ut 181
IGERT: Optical Biomedical Engineering ut_32
Institute for Computational and Engineering Sciences (ICES) ut 183
Institute for Neuroscience ut 153
Knowledge-Base Research Group ut 106
Lab for Advanced Systems Research (LASR) ut 107
Lab for Experimental Computer Science (LECS) ut 108
Lab for Experimental Software Systems (LESS) ut 109
Laboratory for Artificial Neural Systems ut_33
Laboratory for Computer Architecture ut 34
Laboratory for Image and Video Engineering ut_35
Laboratory for Intelligent Processes and Systems ut_36
Linguistics Research Center ut_63
Machine Learning Research Group ut_110
Multiprogramming Multiprocessors ut 111
Natural Language Acquisition Group ut 112
Networking Research Lab ut_113
Neural Networks Research Group ut_123
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Research Organization 1D

Neuro Engineering Research and Development Laboratory (NERD) ut 53
Parallel Programming Group ut_116
Product-Line Architecture Research Group ut 117
Qualitative Reasoning Research Group ut 124
Real Time Systems Group ut_119
Robotics Research Group ut 56
Scientific Computing and Numerical Analysis ut_120
Telecommunications and Signal Processing Research Center ut 41
Texas Advanced Computing Center (TACC) ut 194
Visualization Laboratory ut_192
Wireless Networking and Communications Group (WNCG) ut 42
Wireless Systems Innovations Laboratory ut 43

The final homeland security criterion is Tactical Operations Support, which is defined as:

Tactical Operations Support

Advanced Imaging Systems—Development of systems to improve night and
reduced visibility and imaging in all environments. Obtain the best images in
reduced or deteriorating lighting conditions.

Specialized Access Systems—Technologies that will assist tactical assault forces
in accessing objectives, evaluating tactical options, and supporting efficiencies in
operations, while providing added safety for personnel.

Chemical and Radiation Detectors—Focuses on the development of chemical and
radiological instruments that are specifically designed to support the tactical user
in the field. Need for reduced size, greater robustness and covertness.

Tactical Communications Systems—Reducing the size of equipment and
improving operator mobility and efficiencies.

Offensive Systems—Development of technologies to address requirements for
weapons or weapons related improvements that are unique to small offensive
tactical teams in specialized operations (http://www.tswg.gov/tswg/tos/tos.htm).

Table 16 depicts the research organizations which have application to tactical operations
support issues.

Table 16. Tactical Operational Support Research Organizations

Research Organization ID
Applied Research Laboratories ut 176
Artificial Intelligence Laboratory ut_99
Center for Business Decision Analysis ut 197
Center for Electromechanics ut 179
Center for lonospheric Research ut_186
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Research Organization ID

Center for Management of Operations and Logistics ut 201
Center for Strategic and Innovative Technologies ut 180
Computer and Vision Research Center (CVRC) ut 28
Electromagnetic Scattering Group ut 29
IC2 Institute ut 181
Institute for Advanced Technology ut 182

Ongoing CBRN Research at UT

To further illustrate how the research centers database can be utilized to support the DoD
and its interests, a test case was created using CBRN issues as the focus. The following section
describes in more detail what projects currently being researched at UT might have applicability
to CBRN countermeasures.

UT currently has 31 distinct research centers that have projects applicable to some aspect
of CBRN warfare. Some of the research centers are actively engaged in confronting homeland
defense CBRN issues head on, while others are working on research that, while not focused on
homeland security per se, could be applied to support homeland defense.

Ten of the research centers at UT collaborate with one another to work on a sensor
dubbed the “electronic taste chip” or “electronic tongue” (http://www.cm.utexas.edu/mcdevitt/
tastechip/researchsummaries.htm). The Department of Chemistry and Biochemistry, Department
of Electrical and Computer Engineering, McDevitt Group, Shear Group, Anslyn Research
Group, Micro-electromagnetics Device Group, Integrative Graduate Education and Research
Training Program (IGERT), Texas Materials Institute, Center for Nano- and Molecular Science
and Technology, and Beckman Center for the Design and Fabrication of Sensor Arrays are all
active in developing technology for the electronic tongue device. The device consists of a silicon
chip serving as a sensor array, which can determine the presence of specific substances
(analytes) in a sample. The tongue “may eventually offer a highly flexible and rapid approach to
the sensing of toxins, drug metabolites, and numerous biological components present at low
concentrations in very small sample volumes.” (Shear, 2001) One potential application of the
electronic tongue to homeland security is through screening water resources for
chemical/biological weapons.

Other research centers at UT that are concerned with the quality and safety of water
resources are the Center for Research in Water Resources (CRWR), Environmental Solutions
Program, Laboratory of Electrochemistry, and Bureau of Economic Geology. The CRWR is
concerned with research in water resources and waste management both in Texas and worldwide.
The Environmental Solutions Program concentrates on air as well as water issues. CRWR is
involved in a supercritical water oxidation program that has been successfully used to treat
military propellant simulants (substances that simulate other entities) and chemical warfare agent
simulants (Gilson, 1993).

The Environmental Solutions Program and the Bureau of Economic Geology specialize
in resource and risk assessment. Additionally, the Geotechical Engineering Center at UT
provides risk management and data analysis expertise for natural resources (specifically, soil and
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rock structures for foundations). Besides assessment, these centers provide for scanning and
sensing of data. The Bureau of Economic Geology provides remote sensing expertise, while the
Laboratory for Electrochemistry applies electrochemical scanning technologies to research
problems. All three of these research centers could be potential resources for research on
protecting natural resources from chemical/biological attack.

The Center for Space Research Remote Sensing Group and the Biomedical Engineering
Laser Lab (BELL) also contribute to sensing technology research. The remote sensor and
multisensor fusion techniques utilized by the Center for Space Research through space and
airborne platforms could potentially be modified to provide data research for homeland security
issues such as detecting a chemical presence in specified airspaces. BELL is currently studying
several phenomena that could be applied to homeland defense such as the use of chemical agents
to modify tissues, thermal imaging of biological tissue, non-contact evaluation of thermal
properties in biological materials, and the investigation of infrared biological sensors through a
Multiple University Research Initiative (MURI). The MURI project is sponsored by the Air
Force Office of Scientific Research (AFOSR) to “study biological sensors that detect infrared
radiation and to design and develop man-made sensors based upon the biological systems. The
sensor must be lightweight, highly sensitive, discriminating... and able to operate without
thermoelectric or liquid nitrogen cooling” (MURI, 2000).

Several UT professors have their own laboratories from which they conduct research
applicable to chemical and biological defense interests. These professors include Andrew
Ellington (The Ellington Lab), George Georgiou (George Georgiou Biomolecular Engineering
Labs), Brent Iverson (Brent Iverson Bioorganic Chemistry Labs), Jon Robertus (The Robertus
Group), and Shelley Payne (The Payne Lab).

Ellington is credited with creating the very first aptamer beacon, which can be used to
find biological agents. “Aptamer beacons are DNA or RNA probes that are capable of binding
only to certain specific proteins on the surface of a molecule of a bacterial warfare agent. In the
process of binding to the proteins, the aptamer fluoresces, signaling the observer of the presence
of the suspected agent” (Johnston, 2002). Using the aptamer concept, and through a DARPA
project, the Ellington Lab is working in conjunction with Duke University to “construct
engineered bacteria, yeast, and human cells that will function as remote unicellular sentinels for
explosives, biological and chemical warfare agents, and environmental toxins, or as ‘smart’
diagnostic and therapeutic cells in humans” (DARPA, n.d.).

Iverson and Georgiou collaborate to investigate cures for biological weapons using
genetic engineering techniques. They are attempting to create antibodies that could be used to
prevent or treat infection from a biological weapon. In June 2002, Georgiou and lverson created
a possible anthrax antidote, which could be injected into an infected individual and prevent the
toxin from spreading (College of Engineering, July 2003). “The Georgiou-Iverson work is based
on genetic engineering techniques promising unprecedented speed and power to produce
antibodies. Their goal is to refine procedures so that a new antibody against any germ can be
made within a week, allowing even unknown biological weapons to be counteracted quickly”
(College of Engineering, June 2003).

Robertus concentrates his research on ricin and shiga toxin, which can be used as
biological weapons. His research, in collaboration with Ellington, uses aptamers as possible
diagnostic tools to locate biological weapons. Robertus is attempting to create a ricin inhibitor
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that could be used as an antidote to the toxin, as well as serve a possible remedy for food
poisoning caused by the shiga toxin (Hesselberth, 2000; Miller, 2002; Yan, 1997).

The Payne Lab focuses on genetic research with respect to intestinal pathogens. Payne
collaborates with the Center for Strategic and Innovative Technologies (CSIT) and the Institute
for Advanced Technology (IAT) on projects pertaining to chemical and biological warfare. In
2002, CSIT was awarded a $950,000 grant to research rapid scanning of samples for the
presence of biological agents (Office of Public Affairs, 2002).

UT also has several research centers that support research in nuclear and radiological
areas. These centers include the Nuclear and Radiation Engineering Program, Nuclear
Engineering Teaching Laboratory, University Research Alliance, and Amarillo National
Resource Center. Research focus areas at these centers include waste management, storage, and
environmental protection. Disposal and storage are of immediate concern to homeland defense,
so that nuclear and radiation materials do not get into the hands of terrorists. The research centers
at UT are actively involved in studying methods of storage and disposal to limit access to
dangerous products to only those who are authorized.

As the previous descriptions can attest, UT has many potential resources available to
assist in protecting America’s homeland defense. Table 17 highlights all identified research
centers at UT that may have application to CBRN homeland defense issues.

Table 17. Chemical. Biological, Nuclear, and Radiological Research Organizations

Research Organization ID
Amarillo National Resource Center ut 193
Anslyn Research Group ut_225
Beckman Center for the Design and Fabrication of Sensor Arrays ut 92
Belcher Group ut_227
Biomedical Engineering Laser Laboratory (BELL) ut 27
Brent Iverson Bioorganic Chemistry Labs ut 222
Bureau of Economic Geology ut 177
Center for Biological and Medical Engineering ut 21
Center for Molecular and Cellular Toxicology ut 142
Center for Nano- & Molecular Science and Technology ut_160
Center for Research in Water Resources (CRWR) ut 12
Center for Space Research Remote Sensing Group ut 6
Center for Strategic and Innovative Technologies ut 180
Ellington Lab ut 219
Environmental Solutions Program ut_164
George Georgiou Biomolecular Engineering Labs ut 221
Geotechnical Engineering Center (GEC) ut_25
IGERT: Optical Biomedical Engineering ut 32
Institute for Advanced Technology ut 182
Laboratory for Intelligent Processes and Systems ut 36
Laboratory of Electrochemistry ut 97
McDevitt Group ut_223
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Research Organization ID

Micro-electromagnetics device group ut 38
Nuclear and Radiation Engineering Program ut_54
Nuclear Engineering Teaching Laboratory ut 55
Payne Lab ut 220
Phil M. Ferguson Structural Engineering Laboratory ut 26
Robertus Research Group ut_226
Shear Group ut 224
Texas Materials Institute ut 159
University Research Alliance ut 185

Database Training

Now that the database is developed and its usefulness demonstrated through the CBRN
example, it is important to consider how users will be able to interact with the product. The
target audience for Phase | of the project is the General Officer/Senior Executive Service level.
Training on the research tools could take place via a variety of methods, including face-to-face
interaction, distance learning via video-teleconference, or Internet-based training. These options
will be discussed in detail in the following paragraphs.

The first training option involves an on-site workshop where participants are trained in
the history of the database, the philosophy behind the project, and the methodology to best use
the tool. This option is envisioned as a half-day workshop with some hands-on experience using
the database. The workshop could be held at IAT, near the UT campus, and be combined with
trips to campus to discuss research needs in more detail with research centers that have been
located through the use of the tool. An example lesson presentation following this format is
included in Appendix A.

The other instructional options include various forms of distance learning for those users
unable to come to UT. Thus, options for taking the tool to the user will also be explored. As
stated earlier, the database is stored in the DOORS tool. One option would be to have users
granted a username and password (or guest account privileges) to access DOORSNet (a web-
based version of DOORS), which would allow them to search the database in its current form. A
drawback to this option is that DOORS and DOORSNet are hosted by PEO-STRI and subject to
their security rules. It may be difficult to be granted access to the tools, due to security
precautions. Also, the DOORS and DOORSNet interfaces do have a slight learning curve, which
might prevent some users from taking full advantage of the research database.

A second distance option involves changing the DOORS database into some other
format. At present, the database can easily be exported to an Excel spreadsheet, which is a
familiar format for many users in the target audience. One possible method of instruction would
be to mail the spreadsheet to the users, with a follow-up instructional video-teleconference
(VTC) to explain how best to utilize the document. While Excel is a familiar format that can be
easily printed and showcased, it may not be the best option for this project. A better idea could
be to convert the DOORS proprietary database into another type of Internet-accessible database,
using technologies such as Cold Fusion, Active Server Pages, or PHP. In this way, the
information within the database would be accessible to a larger group of people, 24 hours a day,
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7 days a week. Databases are much more interactive and searchable than an Excel spreadsheet,
and might provide a better overall experience for the user.

Training on the database could take place via VTC (as described above) or might also be
available as an on-demand feature using web technologies. An interactive web-based tutorial
could be designed, using technologies such as Macromedia Flash or ActiveX that would walk
users through the process of using the database and provide contact information for future
questions. Other distance training options include virtual live workshops, where the participants
log in to a common Internet-based collaborative environment at a designated time to
communicate with one another and learn about the tool.

Future Phases of the Project

This section contains recommendations for the next phases of development. Potential
future phases for further development include:

Phase 1l (TBD) The project team will target the Colonel/GS-15-level (Program
Manager/Project Manager) as its next audience to best support the results of gaining a deeper
knowledge of selected emerging technologies.

Phase 111 (TBD) The project team will target the Lieutenant Colonel/GS-13-level as its
audience to best support the results of a thorough understanding of selected technologies that
may be ready for further testing and prototype application by project or test officers.
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