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Introduction

THE BIENNIAL ASSESSMENT PROCESS

The charge of the Army Research Laboratory Technical Assessment Board (ARLTAB) is to provide
biennial assessments of the scientific and technical quality of the Army Research Laboratory (ARL).
These assessments include the development of findings and recommendations related to the quality of
ARL’s research, development, and analysis programs. While the primary role of the Board is to provide
peer assessment, it may also offer advice on related matters when requested to do so by the ARL
Director; the advice provided focuses on technical rather than programmatic considerations. The Board
is assisted by standing National Research Council (NRC) panels that focus on particular portions of the
ARL program. The Board’s assessments are commissioned by ARL rather than by one of ARL’s parent
organizations.

The Army Research Laboratory Technical Assessment Board currently consists of 8 leading scien-
tists and engineers whose experience collectively spans the major topics within the scope of ARL. Six
panels, one for each of ARL’s in-house directorates,! report to the Board. Each Board member sits on a
panel, 6 of them as panel chairs. The panels range in size from 9 to 20 members, whose expertise is
tailored to the technical fields covered by the directorate(s) that they review. In total, 82 experts
participated, without compensation, in the process that led to this report.

The Board and panels are appointed by the National Research Council with an eye to assembling

IThe six ARL directorates are the Computational and Information Sciences Directorate (CISD), Human Research and
Engineering Directorate (HRED), Sensors and Electron Devices Directorate (SEDD), Survivability and Lethality Analysis
Directorate (SLAD), Vehicle Technology Directorate (VTD), and Weapons and Materials Research Directorate (WMRD) (see
Appendix A, which contains an ARL organizational chart as well as a tabulation of ARL funding by technical unit). The
Board does not have a panel specifically devoted to the Army Research Office (ARO), which is another unit of ARL, but all
Board panels examine how well ARO and ARL’s in-house research and development are coordinated.

1
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balanced slates of experts without conflicts of interest and with balanced perspectives. The 82 experts
include current and former executives and research staff from industrial research and development
(R&D) laboratories, leading academic researchers, and staff from Department of Energy (DOE) na-
tional laboratories and federally funded R&D centers. Fifteen of them are members of the National
Academy of Engineering (NAE), a number have been leaders in relevant professional societies, and
several are current or past members of organizations such as the Army Science Board, the Air Force
Scientific Advisory Board, the Air Force Weapons Laboratory, and the Defense Advanced Research
Projects Agency (DARPA).

The Board and its panels are supported by National Research Council staff, who interact with ARL
on a continuing basis to ensure that the Board and panels receive the information they need to carry out
their assessments. Board and panel members serve for finite terms, generally of 4 years, staggered so
that there is regular turnover and a refreshing of viewpoints.

Biographical information on the Board and panel members appears in Appendix B, along with a
chart listing the Board membership and the name of each panel, its membership, and the name of the
ARL directorate that it reviews.

Preparation and Organization of This Report

The current report is the third biennial report of the Board. Its first biennial report appeared in 2000,
and annual reviews by the Board appeared in 1996, 1997, and 1998. As with the earlier reviews, this
report contains the Board’s judgments about the quality of ARL’s work (Chapters 2 through 7 focus on
the individual directorates). The rest of this chapter explains the rich set of interactions that support
those judgments.

The amount of information that is funneled to the Board, including the consensus evaluations of the
recognized experts who make up the Board’s panels, provides a solid foundation for a thorough peer
review. This review is based on a large amount of information received from ARL and on panel
interactions with ARL staff. Most of the information exchange occurs during the annual meetings
convened by each panel at the appropriate ARL sites. In both scheduled meetings and less formal
interactions, ARL evinces a very healthy level of exchange and acceptance of external comments. The
assessment panels engaged in many constructive interactions during their annual site visits in 2003 and
2004. In addition, useful collegial exchanges have taken place between panel members and individual
ARL investigators outside of meetings as ARL staff members seek additional clarification about panel
comments or questions and take advantage of panel members’ contacts and sources of information.

Agendas for the 2003 and 2004 meetings of the panels are presented in Appendix C. Panel meetings
last for 2 or 2!/, days, during which time the panel members receive a combination of overview briefings
by ARL management and technical briefings by ARL staff. Prior to the meetings, some panels receive
extensive materials for review, including staff publications.

The overview briefings bring the panels up to date on the Army’s long-range planning. This context-
building step is needed because the panels are purposely composed mostly of people who—while
experts in the technical fields covered by the directorates(s) they review—are not engaged in work
focused on Army matters. Technical briefings for the panels focus on the research and development
goals, strategies, methodologies, and results of selected projects at the laboratory. Briefings are targeted
toward coverage of a representative sample of each directorate’s work over the 2-year assessment cycle.

Ample time during both overview and technical briefings is devoted to discussion, both to clarify a
panel’s understanding and to convey the observations and understandings of individual panel members

Copyright © National Academy of Sciences. All rights reserved.
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to ARL’s scientists and engineers (S&Es). The panels also devote sufficient time to closed-session
deliberations, during which they develop consensus findings and identify important issues or gaps in the
panel’s understanding. Those issues or gaps are discussed during follow-up sessions with ARL staff so
that the panel is confident of the accuracy and completeness of its assessments. Panel members continue
to refine their findings, conclusions, and recommendations during written exchanges and teleconfer-
ences after the meetings. When necessary, the panels receive presentations that are classified at the
Department of Defense (DOD) “Secret” level. This report does not contain classified information.

In addition to the insights gained from the panel meetings, Board members receive exposure to ARL
and its staff at Board meetings each winter. Also, some panel members attend the annual planning
meetings for ARL’s Sensors and Electron Devices Directorate (SEDD) and Weapons and Materials
Research Directorate (WMRD), at which those directorates discuss their programs with the directorates’
customers. In addition, several Board members attended the 2003 and 2004 symposia that highlight
progress among ARL’s Collaborative Technology Alliances (CTAs).

As previously noted, each panel normally reviews the work of a single ARL directorate. In 2004, at
the request of the ARL Director, the Board undertook two additional reviews, forming two teams that
assessed the activities within ARL that cut across several of its directorates in the areas of nano-
technology and robotics. The membership of each of the two review teams was drawn from several
panels and was tailored to the areas of expertise required to address the crosscutting nanotechnology and
robotics activities. These reviews are intended to help ARL identify interactions, interdependencies, and
opportunities for synergy across its directorates as well as the state of the art of its nanotechnology and
robotics R&D. Chapters 8 and 9 in this report summarize the results of those crosscutting reviews.

Assessment Criteria

The Board and panels applied assessment criteria organized by six categories (Appendix D presents
the complete set of assessment criteria):

1. Effectiveness of interaction with the scientific and technical community: criteria that indicate
cognizance of and contribution to the scientific and technical community whose activities are
relevant to the work performed at ARL.

2. Impact on customers: criteria that indicate cognizance of and contribution in response to the
needs of the Army customers who fund and benefit from ARL R&D.

3. Formulation of projects’ goals and plans: criteria that indicate the extent to which projects
address ARL strategic goals and are planned effectively to achieve stated objectives.

4. R&D methodology: criteria that indicate the appropriateness of the hypotheses that drive the
research, of the tools and methods applied to the collection and analysis of data, and of the
judgments about future directions of the research.

5. Capabilities and resources: criteria that indicate whether current and projected equipment,
facilities, and human resources are appropriate to achieve success of the projects.

6. Responsiveness to the Board’s recommendations: The Board does not consider itself to be an
oversight committee. The Board has consistently found ARL to be extremely responsive to its
advice, and so the criterion of responsiveness encourages discussion of the variables and con-
textual factors that affect ARL’s implementation of responses to recommendations, rather than
an accounting of responses to the Board’s recommendations.

Copyright © National Academy of Sciences. All rights reserved.



2003-2004 Assessment of the Army Research Laboratory

4 2003-2004 ASSESSMENT OF THE ARMY RESEARCH LABORATORY

Completion of the Report

In July 2004, the Board met for 2 days to share members’ summaries of their panels’ observations
and concerns. This report represents the Board’s consensus findings and recommendations. The Board’s
aim with this report is to provide guidance to the ARL Director that will help ARL sustain its process of
continuous improvement. To that end, the Board examined its extensive and detailed notes from the
many Board, panel, and individual interactions with ARL over the 2003-2004 period. From those notes
it distilled a short list of the main trends, opportunities, and challenges that merit attention at the level of
the ARL Director. The Board used that list as the basis for this report. Specific ARL projects are used to
illustrate these points in the following chapters when it is helpful to do so, but the Board did not aim to
present the Director with a detailed account of 2 years’ worth of interactions with bench scientists. The
draft of this report was subsequently honed and reviewed according to NRC procedures before being
released.

ARMY RESEARCH LABORATORY SUPPORT FOR WAR-RELATED OPERATIONS

This is an extraordinary time for the Army Research Laboratory and indeed for the country as a
whole. Examining ARL’s support to current war efforts was not a direct charge to the Board, but it
became apparent that in addition to performing its typical R&D functions for the Army, ARL has
responded quickly and effectively, applying its multiple talents to addressing serious problems as they
have arisen in war-related operations in Iraq and Afghanistan. ARL is to be commended for its dedicated
and skilled efforts, which have saved warfighter lives and equipment and enhanced the capabilities of
U.S. forces. Contributions have come from across ARL.

ARL’s current contributions in this arena reflect its unique role as the link within the Army between
scientific and technical expertise and specific Army applications—a role that requires maintaining its
preparation to contribute when problems arise in the field. This link and consistent contributions have
existed across previous war efforts; only the contributions to the current war efforts are discussed here.
The Computational and Information Sciences Directorate (CISD) currently has one soldier in Iraq, and
an Army Reservist working for the directorate has returned from a 1-year deployment. CISD has
supported and continues to support ongoing operations in Afghanistan, Iraq, and other places through its
support of multiple programs, including the following:

*  PacBots. These small robots have been deployed to Afghanistan to help clear bunkers, ammu-
nition caches, caves, buildings, and walled compounds;

»  Phraselator. This device provides one-way language translation support in a ruggedized per-
sonal digital assistant (PDA);

e Forward Area Language Converter (FALCon). CISD conducts multilingual research to provide
tools for translating documents found in the theater;

*  Document Exploitation Suite (DOCEX). This high-speed, adaptable capability aids in identify-
ing, prioritizing, translating, and managing foreign language materials by automating the han-
dling of foreign documents and media;

o Integrated Meteorological System (IMETS). The Army’s weather information management
system and the weather component for Intelligence Preparation of the Battlefield, IMETS is
intended to provide commanders with automated weather observations, forecasts, battlefield
visualization, and weather effects decision aids; and

» Acoustic Battlefield Aid. This tactical decision aid uses acoustic sound propagation to identify

Copyright © National Academy of Sciences. All rights reserved.
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areas in which U.S. military assets can be seen and/or heard or not seen and/or not heard. ARL
conducts research for the development and evaluation of acoustic propagation models for use in
the long-range detection of infrasonic signals (<10 Hz). (Infrasound monitoring examines sig-
natures from human-made and naturally occurring infrasonic sources and the environmental
impact on the signals.) ARL also installed an infrasound array and supported data collection and
analyses in Korea.

Two employees of the Human Research and Engineering Directorate (HRED) supported Operation
Enduring Freedom as part of the Army Materiel Command Logistical Support Element in Southwest
Asia during fiscal year (FY) 2003-2004. Also, in collaboration with Carnegie Mellon University and
with support from the program manager for Close Combat Systems, HRED significantly improved the
probability of detecting low-metal land mines—to greater than 98 percent—using the Army’s newly
employed AN/PSS-14 Handheld Standoff Mine Detector System by applying MANPRINT (Manpower
and Personnel Integration) throughout the acquisition cycle.

The Sensors and Electron Devices Directorate (SEDD) has provided active support to war-related
operations. For SEDD, three individuals are or were in the field, and 38 individuals are supporting
theater (e.g., Iraq, Afghanistan) projects. SEDD efforts include the following:

» Acoustic localization for sniper and mortar detection. The effort in this area led to the fielding
of systems in 45 days;

*  Acoustic database. Data are provided for use with acoustic microsensors;

e Booby trap detection. Work in this area led to improved improvised explosive device (IED)
detection;

e HMMWYV (High-Mobility Multipurpose Wheeled Vehicle, or “Humvee”) gun mount;

e Infrasonic arrays (described above: see item on “Acoustic Battlefield Aid” under CISD efforts);
and

e Initial work on disposable sensing concepts. This work is focused on sensors for use while
clearing buildings during military operations in urban terrain.

During FY 2003-2004, the Survivability and Lethality Analysis Directorate (SLAD) had four
individuals in the field and nine supporting theater projects. SLAD anticipated three individuals in
theater starting in September 2004. SLAD efforts include the following:

» Improvised explosive device countermeasure equipment. This IED countermeasure equipment
is expected to be in theater by September 2004, with approximately 500 of the countermeasure
devices in theater by the end of November 2004; the U.S. Air Force and other government
agencies have also ordered countermeasure devices;

» Information Assurance Network Assessment. This assessment will cover the three network
architectures currently deployed in theater; and

e Survivability link between SLAD and deployed units. This link is being established on the Secret
Internet Protocol Router Network (SIPRnet).

The Vehicle Technology Directorate (VTD) has not been directly connected to any current projects
in either the Iraq or Afghanistan theaters, but it does consult for Fort Eustis, Virginia, which provides the
first line of fleet support in aviation. Moreover, its Active Stall Control Engine Demonstration Program
clearly is aimed at a serious problem endemic to those theaters.

Copyright © National Academy of Sciences. All rights reserved.
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The Weapons and Materials Research Directorate’s (WMRD’s) Terminal Effects Division has had
3 personnel in theater, and approximately 45 WMRD scientists and technicians have been involved in
supporting war-related activities. The types of support that they provide and have provided include the
following:

e Design of the rear protection shield for Abrams tanks;

e Armor survivability kit for HMMWYVs. ARL built the first 40 of these kits, then transitioned the
work to the Tactical Command, which has built more than 10,000 based on ARL’s design;

* Battle damage assessment. This capability provides technical information on kills to combat
vehicles; and

e Field expedient armor solutions. This capability provides technical information on ways to
improve the survivability of tactical and ground combat vehicles.

CROSSCUTTING ISSUES

In addition to performing special examinations of crosscutting activities in nanotechnology and
robotics, described in the last two chapters of this report, the Board also identified three crosscutting
issues that are discussed in more detail in Chapters 2 through 7, which summarize the assessments of the
directorates. As described below, these issues are modeling and simulation, information assurance and
security, and interdirectorate activities.

Modeling and Simulation

The appropriate use of modeling and simulation could be a unifying capability that would have
broad implications across many of the ARL directorates. Currently, however, there continue to be key
issues relating to modeling and experiments that researchers and investigators have not properly consid-
ered. They include the following:

»  Verification (i.e., that a computer program does what it was intended to do);

» Validation (i.e., that the computer program produces results that are valid in and relevant to the
domain in which it was intended to operate);

e Use of a variety of standard operating practices for doing calculations and presenting results
(e.g., the use of appropriate dimensionless variables); and

o The consequences of the widespread replacement of experiments by computational modeling.

Addressing these aspects of modeling and simulation could be enhanced by an effort to instruct and
support the scientists in the application and science of modeling and simulation techniques. The goal
would be to build on top of commercial software whenever possible, but to extend and enhance the
modeling and simulation capability to address the particular needs of the various directorates. This
support for a modeling and simulation capability, coupled with the enormous computational capability
of ARL, could be a unique capability that would enhance the research being performed in a wide number
of activities.

ARL is not self-sufficient when it comes to providing its scientists with simulation and modeling
capabilities. Rather, it relies on codes developed by other entities. Examples include CTH (Sandia
National Laboratories) for explosion dynamics and large-deformation solid mechanics; MM5 (National
Center for Atmospheric Research/Pennsylvania State University) for mesoscale atmospheric modeling;

Copyright © National Academy of Sciences. All rights reserved.



2003-2004 Assessment of the Army Research Laboratory

INTRODUCTION 7

and a variety of National Aeronautics and Space Administration aerodynamics codes. While this is a
cost-effective way of providing capability for ARL in many respects, it requires a commitment to
acquiring a deep understanding of such codes in-house. This same understanding allows ARL staff to
engage the developers seriously in adding capability, or possibly to add the capability themselves.
Failing to add needed capability in one way or another can lead to ad hoc efforts to work around gaps in
the extramural code, rather than adding permanent new capability to that code. Examples of such
projects include the now-casting atmospheric modeling effort within CISD and the munitions modeling
code within WMRD. While these are both competently executed efforts, each was based on 20-year-old
algorithm technology. Furthermore, since they are based on old technology and are not being incorpo-
rated into the mainline production codes, they are unlikely to persist as useful artifacts.

Information Assurance and Security

Information assurance and security are matters of concern across ARL directorates. Both CISD and
SLAD, for example, have important roles in this area. The Board believes that CISD should be taking a
larger role within ARL and that insufficient resources (staffing), rather than a lack of interest, are
preventing the directorate from fulfilling this role.

Information security issues arise internally at ARL as well, in that a significant amount of code
being used comes from outside ARL from a variety of sources but there is no clear approach to verifying
that it is free from potentially damaging capabilities. A comprehensive strategy should be pursued to
assure that the ARL information technology infrastructure cannot be compromised.

Interdirectorate Activities

One of the strengths of ARL is the breadth of activities underway. This makes it possible, if the
appropriate leadership and incentives are put in place, to create cross-directorate programs that would
exploit the somewhat unique capabilities of ARL. The crosscutting nanotechnology efforts reviewed for
this report show potential for going in this direction. While the work reviewed here was a series of
relatively independent efforts, it became clear during the review that many opportunities exist for
collaborating and developing common infrastructure. Other opportunities for such collaboration are
discussed in the individual directorate reports. The process for undertaking this type of collaborative
activities is essentially undefined, however, and without sufficient structural facilitations to encourage
it. Crosscutting activities such as those discussed here should be strongly encouraged. Doing so will
require significant changes in ARL’s approach to program management. The Board commends the ARL
Director for initiating the crosscutting reviews in the areas of nanotechnology and robotics—these
constitute important steps toward identifying programmatic needs and opportunities in these areas and
toward learning lessons that can be applied to other crosscutting activities.

Copyright © National Academy of Sciences. All rights reserved.



2003-2004 Assessment of the Army Research Laboratory

Copyright © National Academy of Sciences. All rights reserved.



2003-2004 Assessment of the Army Research Laboratory

Computational and Information Sciences Directorate

INTRODUCTION

The Computational and Information Sciences Directorate (CISD) was reviewed by the Panel on
Digitization and Communications Science. CISD consists of three research divisions: Computer and
Communication Sciences, Battlefield Environment, and High Performance Computing. It also includes
one infrastructure division, Information Technology, which serves all of ARL through its computing
hardware, software, and staff.

CISD performs research for the following purposes: to help design a robust, highly mobile battle-
field communications network while ensuring that the information provided to commanders is current,
authentic, accurate, and protected; to develop high-fidelity “micro” weather forecasts in near time (i.e.,
to predict weather in 10 minutes or less for the next O to 2 hours) in order to support combat intelligence
operations and troop engagement decisions; to enhance the decision-making prowess of commanders in
the battlefield; and to develop robust, physics-based, high-performance computing models and software
for concept evaluation, design, and analysis (usually in support of computational science efforts in other
ARL directorates).

Tables A.1 and A.2 in Appendix A respectively characterize the funding profile and the staffing
profile for CISD.

ACCOMPLISHMENTS AND OPPORTUNITIES

The Digitization and Communications Science Panel that reviews CISD yearly has continued to see
improvements in the quality of the research being performed by CISD researchers and in the demonstra-
tion of the relevance of their work to Army needs. CISD has, like much of ARL, undergone significant
leadership change in the recent past, with its director retiring in mid-2003 and the subsequent appoint-
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ment of an acting director. In addition, several of the division director and branch chief positions in
CISD are filled by acting personnel, while the permanent staff have been given the opportunity to serve
ARL in acting positions at higher levels. Adding to the staffing milieu is that at least one of the current
division directors is due to retire soon.

CISD is participating in two large, 5-year projects, both of which started in FY 2003: Horizontal
Fusion (HF) and Command and Control in Complex and Urban Terrains (C2CUT). The Department of
Defense’s (DOD’s) Horizontal Fusion project is developing network-centric access for the warfighter—
access that is “pull-based” rather than dissemination-based. ARL’s participation (totaling about $17.5
million in FY 2004) in Horizontal Fusion is currently in basic language translation services (BLTS), in
the development of secure mobile networks, and in the Warrior’s Edge program.

CISD’s advancements in BLTS have made available information that is gleaned through the trans-
lation of both printed documents and speech from sources captured in the field. For example, BLTS
allows soldiers to scan in documents written in a foreign language and to receive an English translation
seconds later. The mobile wireless networks being developed as part of Horizontal Fusion will provide
the warfighter with secure, robust voice and data communication capabilities to enable collaboration
even in highly dynamic and unpredictable environments. The Warrior’s Edge program will develop a
dynamic, ad hoc, networked sensing system (of soldiers and robotic sensors) to allow the monitoring of
the battlefield environment.

Horizontal Fusion holds an annual proof-of-concept demonstration called Quantum Leap, the sec-
ond of which was scheduled for August 2004. The goal of C2CUT is to provide commanders with the
ability to see and understand the effects of urban terrain on the battlefield environment. Both of these
projects have provided CISD researchers with unique opportunities (and the funding needed to perform
the necessary research and development) as well as unique challenges.

Additionally, CISD researchers continue to pursue basic research in mobile (robotic) network
sensing, communication, data fusion, basic language translation systems, optical communications sys-
tems, environmental modeling and prediction, and in computational modeling and prediction.

CONTRIBUTIONS TO ARMY NEEDS AND THE BROADER COMMUNITY

Contributions to Army Needs

Through both the HF and C2CUT projects, CISD has had the opportunity to contribute in significant
ways to the troops in the field. For example, software developed for BLTS has been employed on
handheld personal digital assistants (PDAs) in both Iraq and Afghanistan to scan captured documents
for keywords that would indicate whether the documents should be set aside for further scrutiny.
Warrior’s Edge also contains several technologies that have aided soldiers in the field. The PacBot robot
was first used in combat in July 2002 to remotely examine caves and a building complex in Nasarat,
Afghanistan. In Iraq, the PacBot was used to remotely examine equipment left on an airfield before
engineers from the 101st Airborne cleared the runway for humanitarian relief operations. The M Gator
MULE (Multifunction Utility/Logistics Equipment) vehicle contains a fusion of networked computers
that can sense data from soldiers and unmanned aerial vehicles to aid in sniper detection. It was due to
be shipped to Iraq sometime in 2004. An acoustic mortar-fire detection system developed jointly with
researchers in the Sensors and Electron Devices Directorate (SEDD) was recently deployed and used
successfully in the field in Iraq to determine the location of enemy mortars.

The Integrated Meteorological System (IMETS) is the meteorological component of Intelligence
and Electronic Warfare (IEW) software developed by ARL researchers in the CISD’s Battlefield Envi-
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ronment Division (BED). IMETS provides commanders with an automated weather system to receive,
process, and disseminate weather observations, forecasts, and weather-effects decision aids. A vehicle-
mounted configuration of IMETS was first used in Operation Iraqi Freedom and is now fully operational
and routinely used in the field. In addition to providing quick delivery of high-quality weather forecasts
to warfighters in Afghanistan and Iraq, BED has quickly deployed research acoustical signal observa-
tion and processing systems for special target localization and identification. CISD’s Battlefield Envi-
ronment Division has also continued its contribution of special meteorological systems for use in
terrorism-related studies of urban-scale meteorological phenomena in national field programs such as
those recently conducted in Salt Lake City, Utah, and Oklahoma City.

Contributions to the Broader Community

The combat deployment of forces in Iraq and Afghanistan has certainly impacted the work of the
CISD staff. There is clear and obvious pressure to transition new technology to the field as quickly as
possible. There is also noticeable and deserved pride in the successes of the systems that have been or
are soon to be deployed, and a new level of energy can be sensed in the directorate. However, ARL must
also ensure that the research necessary to guarantee the technological advantages of future U.S. forces is
also being pursued. Over the long term, it is this basic research that creates the opportunity for leapfrog-
ging technology. ARL and CISD leadership must continually be alert to the need to maintain a balance
between the processes of technology development and field transitioning and this longer-term research.

Several basic research efforts in CISD deserve mention. First, there is continuous and impressive
research in intelligent optics. Free-space lasers can provide high-bandwidth, covert, rapidly deployable,
lightweight (i.e., handheld) ground-to-ground and ground-to-air communication systems. CISD has an
impressive research program in free-space lasers (e.g., numerous refereed publications and two recent
patents) and in 2002 invested in a free-space optical testbed that contributes significant capability to the
intelligent optics efforts.

Historically, the Army’s view of the environment has been that it consists of manifold obstacles
(e.g., inclement weather, fog, and mud) to be battled and conquered. Today it is recognized that the
environment is not just a potpourri of problems; properly understood, it can provide a fighting force with
both tactical and strategic superiority. It is to that purpose that the Battlefield Environment Division is
directing much of its research program at present. Since the onset of conflict and war in Afghanistan and
Iraq, BED has, much to its credit, responded immediately to a number of operational needs by deploying
several research systems, notably those necessary to provide cutting-edge weather forecasts and special
analysis of acoustical signals.

The Army’s needs for detailed and current information about and in the terrestrial and atmospheric
boundary layers were once nearly unique. Today it is recognized that there is significant overlap
between the Army’s long-standing primary interests and the currently expanding demands for environ-
mental data relevant to homeland security. To no small extent this overlap exists because urban areas are
the theater of both foreign wars and domestic terrorism. It is factors such as the dimensional scale of a
battlefield, the character of the underlying terrain and urban structures, and the time required for the
wind to blow a natural or artificial cloud across a battlefield or city that define the atmospheric phenom-
ena which must be observed, understood, modeled, and forecast. Hence, BED’s research program must
address critical and challenging problems in direct and remote atmospheric sensing, model domain size,
and the spatial and temporal resolution required in diverse phenomenological, computational models.
Implicit are significant challenges for analysis of the relevant inherently turbulent and chaotic phenom-
ena of interest. These phenomena are not yet within reach of currently available observational systems,
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nor can the needed computational models be operated, at least on timescales necessary for Army
purposes, on the most advanced computer systems available today.

The scope of environmental problems needing study far exceeds the reach and resident expertise of
BED and ARL. However, BED is effectively addressing several specific problem areas that are of
current critical interest. Nationally leading research is being conducted by the division in atmospheric
optical sensing and communications systems as well as in analyses of atmospherically propagated
acoustical signals that are essential to high-resolution detection, identification, and localization of noise
sources. The noises of greatest interest range from those created by stationary sources, such as indi-
vidual sniper gunshots or larger ballistic and rocket weapons fire, to noises from complex moving
systems such as diverse warfighting and transport vehicles.

Developing and testing the very high resolution atmospheric dynamical analysis and forecast mod-
els that are of interest to the Army, and now to homeland security as well, constitute an area of
extraordinarily wide-ranging national and international need and attention. In the United States alone,
agencies including the National Oceanic and Atmospheric Administration and the National Weather
Service, the Department of Energy, the National Aeronautics and Space Administration, the Environ-
mental Protection Agency, and the other armed forces in addition to the Army are all involved in
significant model development work. In this research and development arena, BED cannot and should
not attempt to compete. Neither its research resources nor personnel are of critical mass for such efforts.
However, BED is so involved in research on the atmosphere’s boundary layer environment that it can
and should serve as a national center of excellence in model validation activity.

If BED is to rise to this challenge and thereby exploit the technological and leadership opportunities
now available, some careful strategic planning and effort will be required to refocus and restructure
some of the directorate’s staff and programs. The Board strongly recommends that action to this end be
initiated. In the same regard, the Board recommends that special efforts be made to encourage enhanced
interdirectorate collaboration among people working on related environmental problems in CISD/BED,
SEDD, and the Survivability and Lethality Analysis Directorate (SLAD). Finally, it should be noted that
progress in model validation research also will be required when BED is expected to quantify the
credibility, performance, and reliability of the observational systems and forecast models that are to be
part of the output of large, crosscutting projects such as Warrior’s Edge and C2CUT.

RELEVANCE OF CROSSCUTTING ISSUES TO THIS DIRECTORATE

CISD’s computational science and engineering activities include scalable algorithms and tools,
scientific visualization and immersive technologies, data mining, metacomputing, numerical analysis,
and high-performance networking. These activities are clearly important to the Army’s mission. A
compelling case can be made that computational science can play an important role in the design and
development of future combat systems. However, CISD, and indeed all of ARL, have insufficient staff
invested in these activities to make significant advancements in all of the computational science and
engineering areas.

CISD’s high-performance computing capabilities are available for use by other directorates, and a
number of projects within those directorates (e.g., in SEDD, SLAD, and the Weapons and Materials
Research Directorate) make extensive use of computation and modeling. However, the little information
that the Panel and the Board received on this subject did not convince them that ARL directorates are
making effective use of the CISD high-performance computing machinery or that CISD is providing
other directorates with support in this area in the form of personnel and expertise (i.e., a computational
science capability). Nor were the Panel and the Board convinced that high-performance computing
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projects in CISD are developed in a manner that is driven by a plan for building up a persisting base of
in-house expertise rather than a series of responses to immediate customer needs.

Information assurance and security are areas of concern across ARL directorates. Both CISD and
SLAD, for example, have important roles to fulfill in this area. The Board believes that CISD should be
taking a larger role in information assurance and security within ARL and that resources (staffing),
rather than interest, are preventing it from doing so.
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Human Research and Engineering Directorate

INTRODUCTION

The Human Research and Engineering Directorate (HRED) was reviewed by the Panel on Soldier
Systems. HRED conducts basic and applied research and analysis to enhance soldier performance. A
broad-based program of scientific research and technology development is directed toward optimizing
soldier performance and soldier-machine interactions so as to maximize battlefield effectiveness. Analy-
ses are conducted to ensure that soldier performance requirements are adequately considered in technol-
ogy development and system design. HRED is organized in two divisions: Soldier Performance and
Human Factors Integration.

Tables A.1 and A.2 in Appendix A respectively characterize the funding profile and the staffing
profile for HRED.

CHANGES SINCE THE PREVIOUS REVIEW

HRED is in the process of adjusting its programs to meet the changing requirements for Army
transformation—that is, moving from a threat-based approach to a capabilities-based approach that is
more compatible with the anticipated security environment. This new military environment, as charac-
terized by the HRED Director, has greater complexity, requires increased strategic responsiveness,
reflects changes in the spectrum of conflict, pursues revolutionary technologies, and addresses the
emergence of the maneuver unit of action that emphasizes adaptive performance by leaders and teams.
Significant changes at the directorate since the previous review include the following:

» The filling of core leadership positions;

» Increases in funding;
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* A new, director’s initiative in cognitive architecture;

* A new research program on the effects of encapsulation (e.g., working in protective suits) on
performance;

» New acquisition-related efforts addressing manpower, personnel, and training (MPT) issues
faced by the Future Combat System (FCS);

» The development of databases that are valid for modeling tasks and human performance;

» Upgrades for facilities involved in tactical environment simulation and shooter performance;
and

» Increased levels of participation in ARL science and technology objectives.

The directorate has continued to expand its efforts in identifying and satisfying the education and
training needs of its staff, including the mentoring and advising of staff members as to the specific
requirements for and benefits of advanced training. One example of these expanded efforts is HRED
participation in the development and implementation of the human systems integration degree program
at the Naval Postgraduate School—five members of the HRED staff are currently participating in that
program. Also, HRED has provided instruction during 2003 and 2004 as well as over several previous
years through numerous invited lectures and seminars on technical subjects related to HRED projects.

ACCOMPLISHMENTS AND OPPORTUNITIES

Most Significant Advances

The Panel and the Board noted an increased level of collaboration among HRED staff across
projects, noting in particular the synergy evident between projects involving empirical research and
those involving modeling. Significant advances have been made in designing and conducting empirical
studies with a view to the data that they might provide to associated modeling efforts. This process and
level of collaboration are likely to be even further improved by addressing criteria for moving data and
their associated parameters into models.

The development of soldier-centered design tools continues to be one of the most important and
potentially valuable programs at HRED. The following quotation from the 2001-2002 Assessment of the
Army Research Laboratory provides a benchmark for the current assessment of this program: “Within
HRED, the utilization of models is continuing to increase and become more effective. As a conse-
quence, there is greater need to validate, determine the sensitivity, and define the limits of the models
being developed and used.”! The HRED researchers appear to be fully cognizant of these past assess-
ments and recommendations as they move forward with their modeling program. They have demon-
strated an impressive understanding of how the program is related to other programs, of the extent of
collaboration required with these other ongoing programs, and of the potential barriers and limitations to
the ultimate use of human systems integration modeling.

Two very promising strategies and approaches presented by the research team during this assess-
ment were the linking of the Improved Performance Research Integration Tool (IMPRINT) to the
unified modeling language (UML) and the development of new databases for equipment, biomechanics,
clothing, and related materials. Such databases are needed to provide a more robust modeling of the

INational Research Council. 2003. 2001-2002 Assessment of the Army Research Laboratory. Washington, D.C.: The Na-
tional Academies Press, p. 33.
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physical environment and of related human interactions now being simulated within the digital human
modeling community.

Opportunities and Challenges

The increased collaboration and synergy within HRED can provide a basis for extending collabora-
tion to other ARL directorates. HRED participation in the Board’s assessments of crosscutting activities
is likely to help identify opportunities at these boundaries of knowledge.

HRED has also established a sound basis—with its present connections to related program activities
in the Multidisciplinary University Research Initiative (MURI), the Collaborative Technology Alliance
(CTA), and the cognitive modeling community—for expanding its interaction with the external research
community and for extending its awareness of the work of other investigators related to HRED projects
and programs.

The Manpower and Personnel Integration (MANPRINT) program has high-impact potential for the
Army. However, it continues to be limited by not being fully embraced in the procurement process and
by additional needs for the development and validation of modeling tools. Impacting the procurement
process is mainly a matter of taking advantage of opportunities as they occur (and HRED has done an
excellent job of exploiting these opportunities). Model development, by contrast, can be an ongoing,
systematic process. Because predictive human models are becoming the source of much of the engineer-
ing design guidance provided by the Army, they must be correct. If they are not, a great deal of harm and
performance loss will be incurred in Army systems. Support of MANPRINT, then, is another reason
why the HRED modeling efforts are so important.

During 2003, HRED had 152 work orders from Army customers in support of Army systems and
programs. These work orders had a total value of almost $6.9 million. The Board recognizes that it can
be difficult to negotiate with customers to preserve the scientific integrity of research efforts while also
meeting pressing customer needs. The Board acknowledges that such negotiations are complicated by
time pressures, coordination requirements, scheduling uncertainties, problems in obtaining resources,
and the frequent necessity for meeting multiple objectives. Nonetheless, the Board encourages HRED to
continue to negotiate with and educate customers in order to preserve the scientific integrity of research
efforts.

Additional intensive surveillance and analysis of fatality, injury, and performance databases should
be undertaken for purposes of identifying future HRED research opportunities. For example, a recent
analysis completed elsewhere found that vehicle-related events (involving both combatant and noncom-
batant) accounted for a disproportionate number of Army deaths. This information suggests an avenue
for bringing about significant reductions in Army fatalities. Another example is the excessive number of
musculoskeletal problems that are resulting from manual handling of components, such as those re-
quired for fixed-bridge construction. Access to and continuing, systematic review of data from medical
and safety databases could help identify important areas for the expansion of HRED research and
engineering efforts on problems that will lead to reducing injury and associated costs.

The Board believes that HRED should explore opportunities for employing the Battle Lab at Fort
Sill, Oklahoma, in its research efforts. The Board recognizes that the Battle Lab is primarily a training
resource and that numerous problems must be overcome in adapting such a resource to research pur-
poses. Nonetheless, it does appear that opportunities exist for leveraging existing automated data collec-
tion (such as training data that are currently being collected for playback mode during training exer-
cises) for various types of studies. These would include studies of teamwork, situation awareness, the
Objective Force Warrior concept, and the nature and contributions of expertise—that is, the defining of
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expert teams, of the actions of expert teams, and the way that a novice team develops into an expert
team.

CONTRIBUTIONS TO ARMY NEEDS AND THE BROADER COMMUNITY

Contributions to Army Needs

In its 2003 and 2004 on-site reviews of HRED programs, the Panel was impressed with the rel-
evance and scientific merit of the HRED research projects that were presented. It was also impressed by
the efforts put forth by HRED to influence systems acquisition and design and by the enthusiasm and
professionalism of the HRED scientific and technical staff.

The new HRED initiatives to provide cognitive foundations of performance in military environ-
ments—particularly the current efforts on the improvement of shooting performance—reflect respon-
siveness to the Army’s transition needs. The multiple-measures approach to investigating shooting and
cortical activity—including the collection and analysis of neurophysiological (electroencephalogram)
data, along with objective and subjective measures and the modeling of shooting performance—repre-
sents a promising approach to the investigation of cognitive performance in high-stress, multitasking
environments. The relevance of cognitive neuroscience to Army requirements and soldier performance
research was well established by the researchers. The collaborative links with the external research
community (such as MURI, CTA, and the University of Maryland) were impressive.

Research on shooting and cognitive load highlights the challenges of validating simulator data and
applying them to cognitive models. The strategy employed in this research, emphasizing a cycle of
model exploration, data collection and enhancement, and model modification, is impressive and likely
to be very productive in meeting these challenges. The Board recommends the consideration of an
expanded model-test-model-test approach that includes the field-test validation of revised models at
significant stages in the program.

Research initiated on encapsulation is an ambitious, groundbreaking effort to identify the effects of
encapsulation on the mission performance of the dismounted warrior. This research employs a number
of measures of cognitive performance and three configurations of soldier equipment. It is also focused
on identifying methodologies that might be useful for further research. Moreover, it is a positive
example of conducting research with a view toward providing data and results for use in MANPRINT
tools such as IMPRINT.

The new acquisition-related efforts addressing manpower, personnel, and training have significant
potential payoff for the Army and expand the role of HRED to include a new level of analysis. The Panel
and the Board look forward to future developments in this area and encourage the communication of
analytical results to program managers and higher-level decision makers.

Maintenance is a particularly good area for MPT analysis, representing the need for systematic
analyses of future skill requirements needed in order to maintain complex systems. The analyses of
maintenance automation completed to date clearly identified the extent and nature of problems faced by
the Future Combat System. The Panel and the Board support the modeling of maintenance tasks as a
basis for future analyses and look forward to learning how this will be accomplished.

Contributions to the Broader Community

As mentioned above, HRED has continued to expand its interaction with the external research
community and to extend its awareness of the work of other investigators related to HRED projects and
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programs. For example, the 2001-2002 Assessment of the Army Research Laboratory recommended the
pursuit of connections to related program activities in the MURI, CTA, and cognitive modeling commu-
nities. The present assessment found that, subsequent to the earlier review, interactions with these
communities were pursued with positive results.

HRED has extended its participation with the scientific community over the past several years
through an extensive program of lectures and seminars given by experts outside of HRED. These
programs address a variety of technical subjects related to HRED projects. HRED has expanded its
interactions with external users of IMPRINT. It has done so in part by providing training for current and
potential users of the program. It appears that HRED is becoming a center of excellence for the
development and application of human-centered modeling.

RELEVANCE OF CROSSCUTTING ISSUES TO THIS DIRECTORATE

Crosscutting issues on modeling should be relevant to this directorate. As discussed earlier, the
development of soldier-centered design tools continues to be one of the most important and potentially
valuable programs at HRED. Moreover, the HRED researchers appear to be cognizant of the need for
verification and validation, the need to relate their programs to those of others, the extent of collabora-
tion required to meet their objectives, and the potential barriers and limitations to the ultimate use of
human systems integration modeling.
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Sensors and Electron Devices Directorate

INTRODUCTION

The Sensors and Electron Devices Directorate (SEDD) was reviewed by the Panel on Sensors and
Electron Devices. SEDD has four divisions that are reviewed by the Panel: Electro-Optics and Photonics,
Radio Frequency and Electronics, Signal and Image Processing, and Directed Energy and Power Gen-
eration. SEDD also has responsibility for the Advanced Sensors Collaborative Technology Alliance
(CTA) and the Power and Energy CTA, and it contributes to the Robotics CTA managed by ARL’s
Weapons and Materials Research Directorate (WMRD). Each CTA began in 2001 and has a 5-year
term, with an option for 3 more years.

Tables A.1 and A.2 in Appendix A respectively characterize the funding profile and the staffing
profile for SEDD.

CHANGES SINCE THE PREVIOUS REVIEW

SEDD continues to do an excellent job of maintaining and building its capabilities. During the
period from FY 2000 through FY 2003, 92 new staff members were hired, as opposed to the loss of 79,
and the percentage of staff with Ph.D.s has steadily increased. The SEDD staff remains enthusiastic
about their research, technically competent, and highly qualified.

In past years, the Future Combat Systems (FCS) program provided a focal point for much of
SEDD’s research, but in the 2004 presentations, FCS was barely mentioned in the SEDD overview. In
past years, FCS capability goals frequently provided starting points for the flow from military needs, to
technical problem definition, to motivation for specific research; but many of this year’s technical
presentations lacked discussion of this essential flow. This change is probably at least partially due to
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the Army’s current focus on Afghanistan and Iraq and to uncertainties with respect to FCS procurement
methods and emphasis.

The Army’s decision to give the FCS’s system integration contractor (Boeing) an unprecedented
level of influence on the definition and development of major combat systems has the potential for
great impact on SEDD. In the past, the Training and Doctrine Command (TRADOC) was the major
source of requirements for new capabilities, and the Research, Development, and Engineering Centers
(RDECs) were the major insertion points for SEDD science and technology. The apparent latitude in
Boeing’s FCS contract seems to have potential for disrupting traditional ways of establishing require-
ments and making technology development and insertion decisions. If this proves to be the case, it will
have major impact on SEDD’s fundamental business relationships with contractors and other govern-
ment organizations.

ACCOMPLISHMENTS AND OPPORTUNITIES

Most Significant Advances

SEDD has identified some of the Army’s most pressing technology needs and is engaged in a wide
array of promising research endeavors focused on these needs and opportunities. For example, SEDD
has recognized that improved power generation and management are essential to the reduction of
logistics requirements and to realizing a wide array of important new capabilities.

SEDD is developing many important new technologies. They include fuel cells, rechargeable batter-
ies, matrix power converters, silicon carbide (SiC) power management devices, and high-energy battery
technology. Improved sensors are critical to giving lighter forces an essential edge by winning the
information battle, and SEDD is deeply engaged in a multitude of efforts focused on sensor develop-
ment. As evidenced by the presentation to the Panel on cold atom optics, SEDD is also addressing new
developments in basic science that may provide solutions to problems of critical importance, such as
underground facility detection and high-accuracy, jamproof navigation.

The radio-frequency (RF) group is to be commended for outstanding performance and clearly
defined objectives that are aligned with ARL goals. The group is well known in the RF community and
is highly regarded for its expertise.

SEDD’s work on acoustic detection is especially impressive. The Panel and the Board commend the
focus of SEDD on acoustic sniper- and mortar-location systems assembly for field units as an immediate
response by SEDD to an urgent Army problem.

Opportunities and Challenges

SEDD has exceptional strength in a number of areas, including RF radar and communications,
acoustic sensing, advanced sensors, and image processing.

The current resource level for the program in Power and Energy Systems appears to be inadequate
to achieve the goals and roadmaps, but the earmarking of $600 million for the next 5 years for the
Army’s Power and Energy program is applauded. Hybrid Electric Propulsion and Power is a promising
project, but issues pertaining to energy storage that may be the limiting factors for this technology
(battery, flywheel, and supercapacitors) need more consideration. The Board recommends continued
examination of the appropriateness of spending 6.1 (basic research) funds on the Power and Energy
CTA, which is clearly development-oriented as opposed to being long-range research. This is an impor-
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tant issue, since 6.1 funds are generally more difficult to obtain than are 6.2 (applied research) or 6.3
(advanced technology development) funds.

In the area of fuel cells, and particularly with regard to fuel reformation, the Panel and the Board
note apparent gaps within some of the projects. For example, ARL-funded research at the University of
Minnesota produces a gas stream containing hydrocarbons, but none of the downstream processing
deals with these hydrocarbons. Good coordination is necessary among the programs developing the
components of the fuel reformation system if sufficiently clean hydrogen for the polymer electrolyte
membrane fuel cell (PEM FC) is to be produced. There does not appear to be a direct connection
between the fuel cell work being performed at SEDD and the work being performed at major automotive
companies or at other corporations involved in fuel cell development. SEDD should proactively inves-
tigate commercial fuel cell activities and the potential for use of commercially available fuel cells for
Army applications.

For the High Power Li-Ion Batteries project, more work involving cell cycling under high power
conditions at high and low temperature is justified. Now that some interesting electrolyte compositions
and some alternative cathode materials are available, the choices should be narrowed on the basis of the
performance and life testing of cells from commercial vendors. The general methodology is appropriate,
but some important variables affecting the capacity of the air electrode of the lithium (Li)/air cell are not
being pursued (i.e., the porosity and pore size distribution are variables that are very likely to yield
improved specific capacities). Li-ion batteries should continue to be examined in light of the focus on
low-temperature performance. A clear roadmap for Li-ion battery development and deployment would
be useful.

Considering the Army needs for alternating current (ac)/ac, direct current (dc)/ac, and ac/dc con-
verters and switches of different ratings and application constraints, a valuable research project would
be to seek a building-block approach that is based on the repetitive use of a limited number of module
designs. Work on advanced silicon (Si)-based symmetrical devices should also be undertaken, and
research and development on converters should include converters other than matrix converters.

With respect to SEDD’s work on electric power systems for FCS and robotic platforms, it is
important that SEDD maintain strong connections with the community at large. These connections are
important because of the extensive work being done by nonmilitary laboratories such as those of the
major auto companies and by agencies such as the Department of Energy (DOE).

The Panel and the Board are particularly impressed with SEDD’s extremely important programs
focusing on SiC-based converters, such as ac-ac mobile electric power converters and pulse converters
for distributed electromagnetic armor. However, the objectives for SiC-based converters are not stretched
sufficiently and should be accelerated and expanded to 200 kilowatts (kW) for all SiC-based converters
by FY 2005. SEDD needs to make a full assessment of the ongoing developments by industry of SiC
diodes to target only needed development areas with ARL research.

The work on high-energy lasers for directed-energy weapons is fairly limited compared with that of
other services and of agencies such as the DOE. It is recommended that SEDD keep abreast of these
other programs and their potential applications and adoption by the Army.

Acoustics is especially important to the Army at this time. The scope, high level of activity, and
importance of acoustics would suggest that more personnel and a significant long-term investment for
this area should be considered. A long-term plan of basic research to advance acoustic sensors (not just
signal processing) is needed. It might start with a clear definition of what might be done with better
sensitivity, better range, and other performance goals and then continue with a focus on how to get there.

Piezoelectric microelectromechanical systems (MEMS) and nanodevice research comprise an area
that merits more emphasis and is related to MEMS reliability. While the group is focused on the
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production of working devices with specific performance goals—and robust performance is one of those
goals—more specific reliability performance goals should be included, because reliability remains one
of the top issues for MEMS.

CONTRIBUTIONS TO ARMY NEEDS AND THE BROADER COMMUNITY

Contributions to Army Needs

SEDD is serving the Army and the United States very well. It is responding to wartime needs in an
effective and timely manner, without losing its focus on developing technologies for the Army’s future.
An organization that can give good presentations on acoustic sniper- and mortar-location systems that
were fielded within 45 days and on something as futuristic as cold atom optics is truly impressive.
SEDD is continuing to attract highly qualified scientists and engineers and to develop its infrastructure
of facilities and capital equipment. The quality of SEDD research appears to be high in most areas.

As mentioned, this directorate has identified some of the Army’s most pressing technology needs
and is engaged in a wide array of promising research endeavors focused on these needs and opportuni-
ties. This effective focus was suggested by the discussion of SEDD accomplishments above. They
include SEDD’s work to improve power generation and management in order to reduce logistics re-
quirements and to realize important new capabilities; SEDD’s development of important new technolo-
gies, such as fuel cells, rechargeable batteries, matrix power converters, silicon carbide power manage-
ment devices, and high-energy battery technology; improved sensors; and contributions to information
warfare. Also, as indicated above, SEDD is addressing new developments in basic science that may
provide solutions to problems of critical importance, such as underground facility detection and high-
accuracy, jamproof navigation. While there may be a few problems with specific details of the research,
it is important to recognize that SEDD is deeply engaged and generally making good progress.

The acoustic detection work being done by the directorate is impressive, and the focus on the
assembly of acoustic sniper- and mortar-location systems for field units is commended as an immediate
response by SEDD to an urgent Army problem. The use of acoustic impulse localization addresses a
significant problem in countermortar operations in a terrorist context: that of making engagement
decisions and acting on them before the enemy mortar crew disperses. It might be possible for SEDD to
help with this problem by developing a real-time information display and communication system that
could be kept sufficiently updated with friendly force locations and collateral-damage avoidance zones
to enable timely decisions on artillery engagement and effective prepositioning or ad hoc assignment of
maneuver elements for countermortar operations in areas where collateral-damage potential prevents
use of artillery.

Contributions to the Broader Community

SEDD does an excellent job of coordinating its research with the broader scientific community. It
has an extensive record of publication and patents, with presentations at appropriate conferences and
workshops. For example, SEDD scientists and engineers were involved with and published at the
Institute of Electrical and Electronics Engineers (IEEE) Microwave Week and at the Government
Microsystems Applications Conference.

The status and recognition of SEDD in the community at large is reflected in the honors awarded to
SEDD personnel. In the past 2 years, SEDD staff have been elected fellows of the IEEE, the Interna-
tional Society for Optical Engineering (SPIE), and the Washington Academy of Sciences.
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RELEVANCE OF CROSSCUTTING ISSUES TO THIS DIRECTORATE

A number of projects within SEDD, such as image processing and acoustic sensing, make extensive
use of computation and modeling. It would be beneficial to this directorate to expand the use of
computat