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From The Army Acquisition Executive...

REFORMING THE
LABORATORY
PERSONNEL
SYSTEM

I have written previously about the Vice President’s *‘re-
inventing government’’ initiative to create a government that
works better and costs less. Our Army laboratories are active
participants in the reinvention process and continue to
adopt innovative business practices to increase their effi-
ciency and effectiveness. This article will describe major
initiatives toward these objectives.

Whatever the military needs of the future, we will rely on
Army scientists and engineers to help meet them. For this
reason, it is imperative that we continue to attract top quality
laboratory personnel and retain them through education,
training and rewards for performance. My focus is on the
increasing demand within the Army research and develop-
ment community for fresh ideas and creative solutions to
prepare for the challenges of 21st century warfare.

For more than a century, the federal personnel system has
been evolving into a bureaucratic maze. Year after year, layer
after layer, the rules and regulations have piled up. This
elaborate system often does not work, particularly with re-
gard to the recruitment and retention of highly specialized
experts such as engineers, scientists, technicians, and other
staff members in our federal laboratories.

In a welcome move, Congress recently approved legisla-
tion that has been signed into law to permit reform of the
laboratory personnel system by streamlining procedures for
recruitment and hiring, classification and development, and
pay and promotion. The Army is working to establish, as an
initial demonstration project, modified civilian personnel
rules at four Army Science and Technology (S&T) reinven-
tion laboratories: the Army Research Laboratory (ARL); the
U.S. Army Missile Research, Development, and Engineering
Center (MRDEC); the U.S. Army Medical Research and Mate-
riel Command (MRMC); and the U.S. Army Engineer Water-
ways Experiment Station (USAEWES). This demonstration
project is in the proposal stage pending approval by the
Army, the Office of the Secretary of Defense, and the Office
of Personnel Management. Before final approval and imple-
mentation, the proposal will undergo scrutiny and comment
through public hearings, Federal Register postings, and Con-
gressional and union notifications. If approved, we project
that by mid-1996, more than 7,800 civilian employees will
participate in this project. The other Army S&T laboratories,
now also designated as reinvention labs, will participate six
months after the initial four.

The demonstration project, when approved and imple-
mented, will link entry-level salary to market forces by occu-
pation. It also will link performance to pay, simplify paper-
work on job classifications and other personnel actions, and

emphasize partnerships between management and labor
unions. The overall objectives are to accomplish the following:

(1) To improve hiring by allowing Army laboratories to
compete more effectively for high-quality personnel,
through direct hiring and selective use of higher entry sal-
aries.

(2) To motivate and retain staff through more flexible,
broader pay bands, pay for performance, sabbaticals, and a
more responsive personnel system.

(3) To strengthen the manager’s role in personnel man-
agement through increased delegation of personnel au-
thorities.

(4) To increase the efficiency of the personnel system by
simplifying the classification system through broad banding
of occupations and grades and reduction of guidelines, steps,
and paperwork.

This broad band concept has several advantages, including
a reduction in the number of classification decisions required
during an employee’s career, an increase in the range of
personnel-related pay for each level, and the prevention of
progression of low performers by mere longevity.

When the project is approved and implemented, the par-
ticipating Army labs may recruit qualified candidates and
make immediate offers of appointment under direct hire or
existing authorities. This will eliminate the present time-
consuming process and serve as an excellent tool for enhanc-
ing diversity in the work force to keep Army labs competitive
with academia, private industry, and nonprofit corporations.
Pay progression will be based on performance.

Employee development programs are also being revised
on private sector models. The laboratories will continue
their employee development programs, such as local train-
ing, off-site training, long-term training, and developmental
assignments. Sabbatical programs will be developed, and
funded degree programs offered to employees.

The Army continues to make dramatic changes on many
fronts in the way we do business. With the help of Congress
we are streamlining our laboratory personnel system to cut
red tape and empower the work force to excel. This action is
long overdue. At present, the Army lab personnel recruit-
ment program is highly centralized, inflexible, unresponsive
and time-consuming. Pay is based on longevity, not on per-
formance. In short, the system is broken and it must be fixed.
Highly motivated, competent, well-trained people are essen-
tial to the success of the Army S&T program.

Gilbert F. Decker
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Investing in the Future . . .

STRATEGIC
PLANNING
AND
FEDERAL
SCIENCE
AND

TECHNOLOGY

By Dr. John H. Gibbons

Assistant to the President

For Science and Technology

As military and military-savvy people,
the readers of Army RDEA understand
that important objectives cannot be left
to chance. A challenging mission re-
quires smart strategy. The administra-
tion has always embraced strategic
planning. The reinventing government
initiative exemplifies the reasoned,
intelligent—strategic—approach to ad-
dressing the legacy of a government
that is too big and inefficient. Today,
the loud shouts of those who would cut
investment and leave the future to
chance threaten to drown out the qui-
eter voices of reason.

Our S&T investment strategy is com-
prehensive and coordinated. It is built
on enduring principles: That scientific
knowledge is the key to the future; That
technology is the engine of economic
growth; and That military and eco-
nomic power together secure our fu-
ture.

2 Army RD&A

In 1993, the president created the
National Science and Technology
Council (NSTC) to coordinate science,
space, and technology policies
throughout the federal government.
This council represents the first time
that the United States has had a Cabinet-
level body devoted to the federal re-
search and development enterprise. By
making interagency dialogue the norm,
the NSTC cuts through bureaucracy
and ensures that all agencies pursue
their missions with a shared vision and
common goals.

Briefly stated, the national science
and technology goals we have estab-
lished are:

* Promote Long-Term Economic
Growth that Creates Jobs;

* Harness Information Technology;

* Enhance National Security;

* Maintain World Leadership in Sci-
ence, Engineering, and Mathematics;

* Sustain a Healthy, Educated Citi-
zenry,; and

* Improve Environmental Quality.

Defense is naturally the top priority
of our national security science and
technology program. Superior technol-
ogy allows us to field the strongest mili-
tary at the lowest cost—both economic
and human. The military component of
our national security S&T program—
ably managed by the Department of De-
fense through the director of Defense
research and engineering, the Service
secretariats, and the military compo-
nents including the Army Materiel
Command—is detailed in the Defense
Science and Technology Strategy.

Science and technology also play
central roles in efforts to prevent and
counter the proliferation of weapons of
mass destruction and their means of
delivery, to verify and monitor existing
and prospective arms control agree-
ments, and to ensure the effectiveness
of our nuclear research and production
capability.

Not all of our national security needs
are purely military, however. A vibrant
high technology industrial sector en-
hances our national economic strength
while providing the technological edge
on which our military advantage de-
pends. We are committed to capitaliz-
ing on the strengths of American indus-
try, and to breaking down the barriers
between the Defense and commercial
industrial sectors so that we have ac-
cess to the best of both for our military
applications. Finally, science and tech-
nology cooperation can help to en-
hance our security by addressing global
stresses such as overpopulation, en-
demic poverty, migration, environmen-
tal degradation, food scarcity, and com-
municable diseases—stresses that can
lead to political instability and conflict.

These dimensions of our national se-
curity science and technology program
reflect the president's National Se-
curity Strategy of Engagement and
Enlargement. Our National Security
Science and Technology Strategy fur-
ther articulates the goals and priorities
of the national security science and
technology program.

Investing in science and technology
is investing in the future. A clear invest-
ment strategy helps protect our future
from the arbitrary budget cuts that
slash investment along with waste. This
issue of Army RDEA makes a useful
contribution to the debate as we go
forward in this challenging time.
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Developments in technology in the
past 30 years have greatly changed the
nature of warfare. Our victory in Desert
Storm clearly demonstrated that tech-
nology is a significant force multiplier.
As we move into the 21st century, we
recognize that not only will technology
and warfare continue to change, but
America’s Army must stay in front of
that change. We are taking aggressive
steps to redesign the force to take ad-
vantage of new and emerging tech-
nologies, integrated through sound
doctrine and reinvented organizations,
to build a more versatile and capable
forece.

We have developed a modernization
strategy that focuses on increased ca-
pabilities rather than on new systems.
Our modernization plan reflects the
process we are taking to acquire the
Army’s vision for the 21st century—
Force XXI. Real-time, shared, situa-
tional awareness will enable Force XXI
to observe, decide, and act faster and
more precisely than any enemy. Ad-
vanced technologies will enable us to
focus combat power from dispersed lo-
cations at the decisive point. We have
identified five information age capa-
bilities essential to Force XXI: winning
the information war; dominating ma-
neuver; conducting precision strikes;
sustaining the force; and protecting the
force.

Our modernization objectives reflect
the changed strategic environment and
the changing nature of warfare. Our
modernization efforts will enable us to
set the conditions for decisive maneu-
ver—causing rapid defeat while mini-
mizing casualties throughout the depth
and breadth of the battlefield. Our mod-
ernization strategy will allow future
forces to leverage their shared situa-
tional awareness to pick the time, place
and manner in which the enemy is de-
feated or destroyed. Although we are
not buying new systems, we are lever-
aging advances in technology to ad-
dress the future warfighting require-
ments. Through the use of new and
emerging information technologies,
we are improving our e€xisting systems
to ensure the nation has an Army capa-
ble of establishing and maintaining land
force dominance.

Horizontal Technology Integration
(HTD) is the linchpin of our moderniza-
tion strategy for the future—upgrading
existing weapon systems instead of de-
veloping new ones. Through HTI, the
Army will upgrade the force, maintain

September-October 1995
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By GEN Ronald H. Griffith

Army Vice Chief of Staff

its technological edge on the
battlefield, and enhance its combat
power through the synergy of applying
synchronized and common tech-
nologies across the force rather than to
one or a few systems. HTI breaks away
from the traditional “‘mission specific”
modernization approach. Second Gen-
eration FLIR capability, Battlefield
Combat Identification Systems, and
Digitization are the major HTI efforts
underway at this time. These three pro-
grams provide capabilities that, when
combined, will enable us to reduce frat-
ricide, improve situational awareness,
firepower effectiveness, and command
and control.

Improved imagery and identification
capability will enable our forces to
rapidly and accurately acquire and
identify targets. Digitization will permit
the rapid distribution of “‘target’” infor-
mation, whether friend or foe, thus

We have developed a
modernization strategy
that focuses on
increased capabilities
rather than on new
systems.

providing the commander and his staff
a more accurate picture of the bat-
tlefield. The simultaneous integration
of these technologies into different
weapon systems not only provides an
exponential improvement in the force,
but it allows the Army to optimize
scarce modernization funds. The HTI
approach to modernization allows the
Army to spread development and test-
ing costs over multiple systems and
then to procure subsystems at larger
quantities thus taking advantage of
lower unit costs. Above all, HTT will
provide the warfighter with the neces-
sary improvements in lethality, sur-
vivability, and tempo to defeat any
threat on the 21st century battlefield.

Today, we have the best trained, best
equipped Army in the world. The Army
is a changed and changing force, in doc-
trine, force structure, training, and
equipment. We owe it to our soldiers—
and to America’s soldiers of the 21st
century—to provide them with the
best and most capable weapons sys-
tems and equipment in the world. Our
modernization strategy will ensure
maximum combat capability through
the efficient integration of common
technology across the force. Our mod-
ernization plan will enable us to meet
the challenges ahead. The articles that
follow describe many of the ideas and
strategies we will use to transform
America’s Army into a force relevant in
the future—FORCE XXI.

Artny RD&EA 3




TECHNOLOGY

ADVANCED
CONCEPT

TODAY’S

TECHNOLOGY
DEMONSTRATIONS:

FOR THE WARFIGHTER

Introduction

It is very clear that our national de-
fense community is facing many new
challenges; not the least of which is the
ability to keep up with technology and
transition it to our field forces quickly,
efficiently and at a price we can afford.
Reduced resources are also driving a
need to insure that we tie the work of
the technology establishment more
closely to the needs of our operational
forces (the “*‘warfighters'). We have to
improve our ability to transition our
best technology in a time frame that
does not deliver an obsolete system or
capability to the field for the first time.
At the same time, it does no good to
accelerate the transfer of technology
unless it is associated with a clear mili-
tary need, is acceptable to the user, can
be assimilated easily by our forces and
is affordable to operate and maintain.

The problems we are facing are not
new. They didn't materialize only after
the collapse of the Berlin Wall and the
disintegration of the former Soviet
Union. Getting operationally meaning-
ful products to the field expeditiously
has been a dilemma for the Defense

4 ArmyRD&A

By Larry Lynn

Department for some time. What is
new is a significantly altered national
security environment, the diversity of
missions faced by the Department of
Defense (DOD), a relatively large re-
duction in resources available for na-
tional defense, and the downsizing of
our total military force.

Packard Commission

In June 1986 the President’s Blue Rib-
bon Commission on Defense Manage-
ment—also known as the Packard Com-
mission—published its report A Quest
for Excellence. In its findings, the Pack-
ard Commission noted that: *. .. all too
many of our weapon systems cost too
much, take too long to develop, and, by
the time they are fielded, incorporate
obsolete technology.” The commission
also recognized an increasingly bureau-
cratic and over-regulated process, and
recommended changes including some
of the following to improve the overall

system:
* Greater use of off-the-shelf compo-

nents, systems and services. New or
custom-made products should be de-
veloped only when there are none

We have

to improve

our ability

to transition
our best
technology

in a time frame
that does

not deliver

an obsolete
system

or capability to
the field

for the first time.
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available in the open market 1o meet
military requirements.

* A high priority given to building
and testing prototype systems before
moving to full-scale development. Pro-
totyping will let us “‘fly and know how
much it will cost before we buy.”

* Use of prototypes for early opera-
tional testing, which begins in the ad-
vanced development phase and goes
on through full-scale development.

Actions have been taken to make
many of the changes recommended by

the Packard Commission. In addition,
| subsequent Defense Science Board re-

ports have endorsed the use of “‘brass
boards" or prototypes to improve the
overall acquisition process.

Technology Demonstrations
In early 1994, the DOD initiated a
new program to address problems in
acquisition, system development and
product transition. The Advanced Con-
cept Technology Demonstration
(ACTD) program was introduced to
help revolutionize the DOD acquisition
process to adapt to today’s economic
and threat environment. This new pro-
gram was designed primarily to transfer
mature technologies rapidly from the
developers to the users. ACTDs, more
importantly, are integrating efforts to
assemble and demonstrate a significant,
new military capability, based upon
maturing advanced technology(s), in a
real-time operation at a scale size ade-
quate to clearly establish operational
utility and system integrity. The demon-
stration is jointly sponsored and imple-
mented by the operational user and ma-
teriel development communities.
Warfighter involvement is critical to
the ACTD process. ACTDs are not just
intended to increase the warfighter's
carly involvement in the technology
and acquisition process. Rather, the
ACTD must be driven by the military
user and the user's perceived critical
warfighting needs. The ACTDs objec-
tives are to allow the user to gain a more
thorough understanding of a new tech-
nology and its potential to support mili-
tary operations. In so doing, it is antici-
pated that the user will be able to de-
velop and refine the doctrine, tactics,
techniques, procedures, and concept
of operations which will exploit the
new technologies. It will also allow the
user, based on experience in the field,
to comment on and make suggestions
for improvements or modifications to
the equipment or system under evalua-
tion. With the ACTD approach, these
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changes can be made during the rela-
tively informal demonstration phase of
a system's life cycle.

In other cases, user input will pro-
vide the basis for a realistic set of re-
quirements with which to enter the
more structured and formal acquisition
process. This means entering the ac-
quisition process with the full input
and coordination of the operational
commander. Allowing the operator
early and full access to the new tech-
nologies will permit a more informed
acquisition decision as to functions and
quantity of proposed systems. And, un-
like previous demonstration programs,
the ACTD seeks to provide the com-
mander with a militarily significant re-
sidual operational capability at the end
of the demonstration.

Although the ACTD program is new,
ACTDs are not intended to start a series
of new programs but rather to focus the
existing, substantial investment of the
Services and DOD agencies have made
in technology programs. For example,
the first eight approved ACTDs built
upon $2.8 billion (fiscal year
1995-2001) of Service and agency tech-
nology efforts already programed by
augmenting this investment with $200
million in additional DOD funding to
move these technologies from the labo-
ratory to the operational environment.
DOD augmenting funds are for integra-
tion of multiple technology programs,
perhaps from Services and agencies,
into a single ACTD. This funding also
provides for multiple copies of systems
under demonstration where more than
one is required to adequately assess mil-
itary utility during exercises. DOD aug-
menting funds are also used to provide
technical support for the ACTD for two
years of operations in the field. These
latter funds give the operational com-
manders time to determine the value,
and where appropriate, to program for
the retention of systems within their
organizations.

Selection Criteria

To provide focus on what tech-
nologies to employ, the ACTD process
has developed selection criteria which
seek to assist both the technologist and
military operational commander in de-
veloping a specific ACTD. These crite-
ria have been established to provide
guidelines and a framework for ACTD
initiation. They are not intended to
serve as rigid rules or directives be-
cause, if ACTDs are to be successful,
they must be guided primarily by good

common sense and sound judgment
and not by an overly ‘‘bureaucratic and
over-regulated process.”’ The selection
criteria include:

* The ACTD should address a major
operational need and provide a signifi-
cant increased military utility.

* The technology offered should be
sufficiently mature that technical risks
are minimal. For example, technical
maturity may have been established
through an Advanced Technology
Demonstration.

* The sponsoring warfighter (unified
commands) or user is fully committed
to joint participation in the demon-
stration.

* Affordability of the objective sys-
tem should be plausibly established in
the event a decision is made to acquire.

¢ The ACTD time frame is about
three years, more or less, consistent
with the degree of technical maturity
and pressing need.

The Advanced
Concept Technology
Demonstration
program was
introduced to help
revolutionize the
Department of Defense
acquisition process to
adapt to today’s
economic and threat
environment.

* The developer has a plan which
addresses all essential programmatic
aspects.

* Risks (technical, operational, pro-
grammatic, and political) are identified,
understood, and accepted by the par-
ties.

¢ The ACTD funding requirements
are defined and budgeted through com-
pletion.

* Funding is programed to provide
an additional two years field support to
allow further evaluation and residual
contingency capability.

* The demonstration exercises pro-
vide a cost-effective basis for the user to
make an informed acquisition decision.

ArmyRD&A 5
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In a period

where the

global proliferation
of advanced
technologies

Is unprecedented
and the
generational life
of any
technological
system

may be
measured

in months

rather than
years,

the Advanced
Concept Technology
Demonstration
approach
provides

a means

of rapidly

moving

new capabilities
into operational
forces.
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The deputy under secretary of De-
fense for advanced technology
(DUSD/AT) is responsible for selecting
and approving ACTDs. Ideally, a user/
developer team, having combined a
pressing operational need with matu-
ring advanced technologies, will ap-
proach the Office of the DUSD/AT with
an initial ACTD concept inquiry. The
AT staff is available to assist in teaming
development, refinement of the con-
cept, and clarifying the basic criteria
and attributes of the ACTD. When the
concept is sufficiently defined and suit-
able, a presentation is given to the
DUSD/AT, who may accept the con-
cept for further discussion, refer it back
with guidance for refinement, or termi-
nate consideration. Once accepted, an
abbreviated presentation is given the
DUSD/AT’s senior advisory group (the
AT “‘Breakfast Club™), for discussion
and recommendation. The Joint Staff,
through the joint warfare capabilities
assessment process, and the Joint Re-
quirements Oversight Council, also
provides additional input to the DUSD/
AT, who then makes the final approval
decision.

Because of the diversity of the tech-
nologies and military problems ad-
dressed in individual ACTDs, each
comes with its own management plan.
These serve as a memorandum of un-
derstanding between all participating
parties in each demonstration. Most im-
portantly, they are an agreement be-
tween the technology development
manager and the operational com-
mander. The management also lays out
a schedule and defines the measures of
success desired in each ACTD. An over-
sight group is established to assist in
problem resolution. Oversight of all the
ACTDs is maintained by a steering
group—composed of senior DOD and
Service representatives and co-chaired
by the under secretary of Defense for
acquisition and technology and the vice
chairman of the joint chiefs of staff.

Future Considerations

Upon conclusion of an ACTD, based
on the results of the exercises, one of
three decisions regarding further ac-
quisition and employment of tech-
nologies will be made:

* First, if the operational user does
not find that it meets his needs as is, the
effort may be terminated or restruc-
tured based on the evolved concept of
operations and the lessons learned dur-
ing the ACTD.

¢ Second, based on the recommen-
dations of the user/warfighter, a formal
acquisition program may be initiated.
The milestone at which it should enter
the acquisition process is variable and
based on judgment.

* Third, the rechnology demon-
strated may be transitioned directly to
the warfighter. Minor or perhaps no
modifications may be required to the
existing equipment. This approach is
particularly appropriate where only
small quantities of new equipment are
required. Limited quantities may be
replicated to provide for user needs.

Conclusion

In a period where the global pro-
liferation of advanced technologies is
unprecedented and the generational
life of any technological system may be
measured in months rather than years,
the ACTD approach provides a means
of rapidly moving new capabilities into
operational forces. In order to do this
effectively, it is critical to closely inte-
grate the warfighter into all aspects of
the technology transition process. The
ultimate goal of the ACTD program is to
facilitate the rapid transition of emerg-
ing technologies from the laboratory
into the field at substantially reduced
cost compared to the past and in
a manner which provides U.S. forces
with timely capabilities to operate
safely and effectively in a dynamic
global environment.

LARRY LYNN is the deputy under
secretary of Defense for advanced
technology. He holds a B.S. in
Physics from Tufts University and
dattended the Massachusetts Insti-
tute of Technology Center for Ad-
vanced Engineering Studies. Lynn
is also acting director of the Ad-
vanced Research Projects Agency.
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DOD DUAL USE
TECHNOLOGY AND

TECHNOLOGY TRANSFER

Introduction

The Department of Defense has a
long history of investment in advanced
technology driven by military mission
needs. Pioneering efforts in micro-
electronics, electronic circuits and sys-
tems, computer technology, etc., led to
the spectacular warfighting capabilities
evidenced in Desert Storm. These same
developments stimulated the creation
and/or maturation of multiple billion
dollar commercial industries as well.
This dual use technology development/
technology transfer was recognized as
valuable, but it played a limited role in
the direction of DOD programs.

In the present geopolitical and DOD
budgetary environment, development
of dual use sciences, technologies,
products and processes becomes a pri-
ority for the DOD. Not only does dual
use development make good economic
sense for the nation, it is a crucial ele-
ment in the DOD's drive to satisfy its
military requirements in the face of de-
clining resources. Performance at any
cost must be replaced by affordable sys-
tems, whose costs are reduced by the
volume production efficiencies al-
lowed by complimentary commercial
applications of military technologies.
The DOD must stimulate the develop-
ment of military and commercial tech-
nology along parallel paths so that tech-
nology upgrades driven by dynamic
commercial markets will be compatible
with Defense system application.

DOD Dual Use Technology
Strategy

The department presented its dual
use technology strategy in February
1995 in Dual Use Technology: A De-
fense Strategy for Affordable, Leading-
Edge Technology, which was pub-
lished by the Office of the Under Sec-
retary of Defense for Acquisition and
Technology. It speaks to the issues
cited above and defines a key element
of the strategy as investment in R&D on
technologies that have both commer-
cial and military applications and en-
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couragement of the adoption and im-
provement of these technologies by in-
dustry, so that Defense ultimately has a
richer base of technology on which to
draw.

The DOD strategy report indicates an
investment of about $2 billion in dual
use science and technology (S&T) proj-
ects, mostly through the Advanced Re-
search Projects Agency (ARPA). (These
projects are defined as those 6.2-
exploratory development and 6.3-
advanced development projects where
explicit attention is given to commer-
cial as well as military application of the
technology.) The report omits about
$500 million in projects at the Services
and other Defense agencies, so that the
overall DOD dual use investment
amounts to about one-third of the total,
or approximately $8 billion DOD S&T
investment. The dual use numbers do
not include the $1.2 billion basic re-
search (6.1) portion of the S&T budget
which, by its nature, offers generic dual
use potential.

Mechanisms

Dual use development and technoloy
transfer occur through a number of
complimentary mechanisms, ranging
from interactions with universities and
industry through the core programs of
the Services and Defense agencies, to
the Technology Reinvestment Project
(TRP), the Small Business Innovation
Research Program, Cooperative Re-
search and Development Agreements,
the Federal Defense Laboratory Diver-
sification Program and countless per-
sonal interactions between DOD, uni-
versity and industry personnel.

Core Programs

The DOD S&T investment represents
an ongoing long-term commitment to
develop the technologies required to

ensure our national security. Its success
depends on establishing relationships
with industry of sufficient continuity
that critical technologies can be nur-
tured to maturation. The explosive
growth of the Internet is but one recent
example of the benefit of such contin-
uous activity. For nearly two decades,
ARPA has invested in a variety of net-
work developments. Initial funding
was for the ARPANET, the first packet
switched network. ARPA also funded
the development of the Internet and its
associated network protocol architec-
ture and, with the collective leadership
of the National Science Foundation
(NSF) and the Department of Energy,
has seen it grow to encompass 30,000
networks and 2,500,000 computers, A
further perspective on the historical
contributions of DOD to dual use tech-
nology is provided by the brochure,
Defense Basic Research issued by the
director, Defense research and engi-
neering in December 1994.

Some key dual use initiatives pres-
ently being pursued in DOD include
the following:

* Electronics Manufacturing—An
increasing proportion of the value of
military systems is dependent upon
electronic products—up to 40 percent
in some cases. DOD will invest more
than $500 million in supplier technol-
ogy, infrastructure and advanced ap-
plications research in FY 95.

* Flat Panel Displays—Flat panels,
which are millimeters thick, very light,
rugged and portable, represent the
next generation of display technology
needed for the battlefield of the future.
DOD plans to spend a total of about
$580 million on the National Flat Panel
Display Initiative over the next five
years, with industry providing a similar
amount.

* Microelectromechanical Sys-
tems (MEMS)—MEMS technology
merges information processing and
communication with sensing and actu-
ation. DOD investments (more than
$30 million in 1995) are aimed at realiz-
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ing advanced MEMS devices and proc-
esses, developing and fielding MEMS
systems, and catalyzing a MEMS in-
frastructure for design, fabrication and
evaluation of MEMS devices.

» Advanced Composites for Air-
craft—Superior materials open up new
engineering possibilities for the de-
signer by offering the opportunity for
more compact designs, greater weight
efficiency, reduced operating cost and
longer service life. DOD will focus on
areas of pervasive military and commer-
cial impact in partnership with firms
that have a demonstrated commitment
to commercializing these technologies.
Funding for these efforts for FY 95-96
will be about $147 million.

* Integrated High Performance
Turbine Engine Technology
(IHPTET)—The IHPTET Program aims
to double propulsion system capability
for aircraft and cruise missiles. It seeks
to accomplish these goals by increasing
the thrust/weight ratio while reducing
the fuel consumption of turbine
engines, and improving durability and
maintainability. DOD funding for
IHPTET will be about $135 million in
FY 95. Seven engine manufacturers are
participating in the program on a cost
sharing basis.

* Rotorcraft Technology—As mili-
tary demand for rotorcraft declines,
commercial sales become increasingly
important for sustaining a robust and
dynamic technology base. DOD pro-
poses to bolster the industrial base for
rotorcraft by establishing the National
Rotorcraft Technology Center. Project
costs of $10-12 million per year will be
matched by industry. This investment
will leverage the approximately $100
million per year of ongoing Army,
Navy, NASA and FAA rotorcraft science
and technology programs.

Technology Reinvestment
Project (TRP)

The TRP was created based on the
Defense Conversion, Reinvestment and
Transition Assistance Act of 1992 (10
U.S.C. 2491 et seq). TRP is a multi-
agency effort led by ARPA and is a cor-
nerstone of the DOD dual use invest-
ment strategy. It is divided into three
activity areas: Technology Develop-
ment, Technology Deployment, and
Manufacturing, Education and Train-
ing. These three areas are intended, re-
spectively, to facilitate the develop-
ment and maturation of critical Defense
technologies by leveraging the interest
and resources of the commercial sector
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to work with government agencies as
partners with common interests and
shared risk; to build a “‘dual-produce”
capability in U.S. manufacturing by de-
ploying new manufacturing technolo-
gies and methodologies that allow mili-
tary products to be produced alongside
commercial versions of the same prod-
uct; and to create a new generation of
manufacturing experts which will
come to know ‘“‘dual use" and “dual
produce’” as the routine way of doing
business.

The response to the FY '93 solicita-
tion for TRP was overwhelming. Some
2,800 proposals were received request-
ing $8.5 billion in funding and offering
$13 billion in cost share. From these
proposals, TRP selected 212 projects
for negotiation, committing $605 mil-
lion in federal funds. Since each of
these efforts must be cost shared by at
least 50 percent, this represents a total
project value of almost $1.5 billion.

Recognizing that the number of suc-
cessful proposals was a relatively low
fraction of proposals received, TRP
project managers provided guidance to
potential respondents by issuing a so-
licitation for a “‘focused” competition
in April of 1994. Proposals were re-
quested on the seven technology topics
listed below, to be funded at about
$170 million:

* High Density Data Storage Systems

* Object Technology for Rapid Soft-
ward Development and Delivery

* Interoperability Testbeds for the
National Information Infrastructure
(NID

* High Definition Systems Manufac-
turing (e.g. Flat Panel Displays)

* Low Cost Electronic Packaging

* Uncooled Infrared Sensors

¢ Environmental Sensors
A more general competition was an-
nounced in the fall of 1994.

The 103rd Congress expressed a
need for assurance that each TRP proj-
ect clearly address a military use within
the dual use context. This was stated in
Report 103-321, page 234, U.S. Senate
Committee on Appropriations, This
concern intensified in discussions of
the 104th Congress relating to the recis-
sion of previously appropriated DOD
funds. The uncertain outcome of these
deliberations delayed issuance of a
1995 solicitation for TRP. The Depart-
ment holds that TRP supports military
requirements and, indeed, as indicated
above, the development of dual use
technology is critical to the acquisition
of affordable defense systems.

Small Business Innovation
Research (SBIR)

The SBIR Program was initiated by
Public Law 97-219 on July 22, 1982 (15
U.S.C. 631, 638). Its purpose is “‘to
stimulate technological innovation, to
use small business to meet federal re-
search and development needs, to fos-
ter and encourage participation by mi-
nority and disadvantaged persons in
technological innovation and to in-
crease private sector commercializa-
tion innovations derived from federal
research and development.” The pro-
gram was reauthorized by Public Law
102-564 on Oct. 28, 1992 (15 U.S.C.
631, 638). Beginning with the FY 94-1
solicitation, the Office of the Director,
Defense Research and Engineering, has
screened SBIR topics to assure that they
have dual use as well as commercializa-
tion potential.

SBIR is a three-phase program. Phase
I is a exploratory phase and allows
funding up to $100K for a six-month
effort. Successful Phase I efforts move
to a Phase II contract, which allows
funding up to $750K for two years.
Phase III anticipates the use of non-
SBIR funds to pursue commercializa-
tion of the Phase II results.

From the inception of the programin
FY 83, through FY 94, the DOD re-
ceived 91,193 Phase I proposals and
made 11,707 awards. Of these awards,

3,836 received Phase Il awards.
SBIR is funded by a set aside levied

against all DOD extramural research,
development, test and evaluation
funds. For FY 95, the set aside is 2 per-
cent and the SBIR budget is $445 mil-
lion. In FY 97, the set aside increases to
2.5 percent, which should raise the
SBIR pool to greater than $500 million.

The 1992 reauthorization of SBIR
emphasized the program'’s goal of in-
creasing private sector commercializa-
tion of technology developed through
federal research and development. In
support of this goal, the DOD and NSF
jointly sponsor regional and national
SBIR meetings, to introduce potential
new participants to the program, and
“Phase II'" meetings, to provide a forum
for Phase I winners to display their
technologies and meet with potential
commercialization partners/investors,
The components active in SBIR (Army,
Navy, Air Force, ARPA, the Ballistic Mis-
sile Defense Organization (BMDO), the
Defense Nuclear Agency and the Spe-
cial Operations Command) are all mak-
ing increased efforts to track successful
commercialization. Accounts of bud-
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ding Phase IIl successes are provided,
for example, in the 1994 Technology
Applications Report from BMDO. For
more information, write to: The BMDO
Technology Applications Office, c/o
National Technology Transfer Center,
Washington Operations, 2121 Eisen-
hower Avenue, Suite 400, Alexandria,
VA 22314.

Cooperative Research and
Development Agreements
(CRADASs)

The Stevenson-Wydler Technology
Innovation Act of 1980 (P.L. 96-480)
(15 U.S.C. 3701 et seq) established the
transfer of federal technology as a na-
tional priority. It required that each fed-
eral laboratory with more than 200 sci-
entists and engineers have an Office of
Research and Technology Applications
to act as an interface with state and
local governments and the private sec-
tor for technology transfer. The Federal
Technology Transfer Act of 1986 (P.L.
99-502) amended Stevenson-Wydler to
authorize government-operated labora-
tories to enter into CRADAs with non-
federal parties, thus providing a viable
mechanism for technology transfer.

CRADAs offer the best mechanism
for researcher to researcher interac-
tions between federal laboratories and
non-federal parties. While the focus of
the law is transfer of federal technol-
ogy, it is clear that such interactions
expose federal scientists and engineers
to leading edge technology in the pri-
vate sector, allowing for the “‘spin-on”
of information to the government as
well as “'spin-off” to the private sector.

A CRADA is defined as any agreement
between one or more federal laborato-
ries and one or more non-federal par-
ties under which the government,
through its laboratories, provides per-
sonnel, services, facilities, equipment,
intellectual property, or other re-
sources with or without reimburse-
ment (but not funds to non-federal par-
ties) and non-federal parties provide
the same toward the conduct of spec-
ified research and development efforts
which are consistent with the missions
of the laboratory. A CRADA is not a
procurement contract and, thus, the
Federal Acquisition Regulations
(FARs), supplements to the FARs and
the Competition in Contracting Act
(P.L. 98-369) do not apply. Hence, a
non-federal party interested in initiat-
ing a CRADA is not subject to competi-
tion requirements.

Early attempts to enter into CRADAS
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were treated with caution by the DOD
and other federal agencies because
they represented a new instrument for
government-private sector interaction.
Agreements were subject to careful
headquarters review. CRADASs are now
frequently approved at the laboratory
director level and this has contributed
to a rapid increase in the number of
active agreements. As of April 1995, the
DOD has about 835 active CRADAs, as
compared to about 240 in October
1992 and only a few prior to 1990.

Federal Defense Laboratory
Diversification Program
(FDLDP)

Section 2514 of 10 U.S.C. requires
the secretary of Defense to establish a
Federal Defense Laboratory Diversifica-
tion Program to encourage greater co-
operation in research and production
activities carried out by Defense labora-
tories and industry. The Defense labora-
tories, in coordination with the Office
of Technology Transition (OTT), are di-
rected to carry out cooperative activi-
ties with industry to promote transfer
of Defense or dual-use technologies
from Defense laboratories to industry.
The OTT was created by 10 U.S.C. 2515
and is charged to monitor research and
development activities of the Depart-
ment of Defense, identify R&D ac-
tivities that result in technological ad-
vances that have potential for non-
Defense commercial applications, and
serve as a clearinghouse for and coordi-
nate and actively facilitate the transfer
of such technological advances to the

private sector.
A Broad Area Announcement for the

FDLDP was issued on April 12, 1995,
with proposals due 45 days from that
date. It contains 19 topics selected
from those proposed by the Defense
laboratories. These 19 topics will com-
pete for about 10 $1 million awards. In
order to foster an integrated develop-
ment team environment, 80 percent of
the award will go to the contractor
team (and requires 50 percent cost
sharing) and 20 percent will go to the
laboratory scientists/engineers actively
engaged in technical aspects of the
project. A successful output of an
FDLDP project will be a brass board/
prototype which will bring a technol-
ogy to the threshold of commercializa-
tion (spin-off) or system integration
(spin-on).

A principal purpose of the FDLDP is
to pursue the DOD dual use strategy to
invest in R&D on technologies impor-

tant to both Defense and commercial
applications. The program is of modest
size, but the competition among the
laboratories encourages them to bring
forward their best technology transfer
opportunities for funding. In the con-
tinuum between research, develop-
ment and enginering, FDLDP projects
are intended to involve more mature
technologies toward the engineering
end of the spectrum, as opposed to
CRADAs, which typically emphasize
early stage research.

Conclusion

The earliest thinking on DOD tech-
nology transfer, as typified by
Stevenson-Wydler, was based on the
desire to provide private sector access
to the huge investment made by the
nation in developing Defense technol-
ogy, in the interest of increasing the
global competitiveness of U.S. industry.
This remains a worthy goal, but the
present fiscal environment dictates that
the DOD must consider technology
transfer as a two-way process, allowing
access to commercial technology as
well as spin-off of Defense technology.
Moreover, cooperative development of
dual use technology must be consid-
ered a critical element in the goal of
DOD to achieve affordability of future
weapons systems, not just an effort to
utilize Defense dollars to promote
economic competitiveness. The au-
thorities and programs which have
evolved to offer a variety of mecha-
nisms for dual use technology
development/technology transfer all
contribute to the overall DOD goal of
fostering the creation of an integrated
Defense and commercial industrial
base better able to respond to DOD
needs at lower cost.

DR. IANCE A. DAVIS is deputy
director, Defense Research and
Engineering, Office of Technology
Transition. He holds a bachelor'’s
degree (Summa Cum Laude) in
metallurgical engineering from
Lafayette College, a master’s degree
in engineering and a doctorate in
engineering and applied science,
both from Yale University. In addi-
tion, he completed a post-doctoral

Sfellowship in the Department of

Engineering and Applied Science at
Yale University.
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Introduction

The transformation of the Army from
a forward deployed, industrial age
force to a CONUS based, power projec-
tion, information (knowledge) based
Army requires continual review and as-
sessment of new technologies and in-
novative concepts, both doctrinal and
materiel. This article will outline Army
science and technology (S&T) efforts
and how these efforts improve the ca-
pabilities of the Army in joint opera-
tions.

Since its creation in 1775, the U.S.
Army has fulfilled the urgent need our
forefathers saw for a land force to de-
fend the nation, In less threatening
times the need was seen as temporary,

A R M Y and a powerful national army was

viewed as potentially dangerous to the

fledgling republic. Those were much

S Cl E N C E simpler times; missions and threats
were well defined.

N Today's Army must be prepared to
conduct a wide range of missions to
support the nation . .. from disaster and

TECHNOLOGY =&z an
to war. Each mission is unique and re-

quires specific solution sets; the one

CONTRIBUTIONS & it i

Since man evolved on land, land
TO F UTU R E combat will be the final arbiter of con-
flicts. Likewise, it is the actions of land

forces which decide the outcome of

J OI NT Military Operations Other Than War

(MOOTW). Our laws, specifically Title

X, United States Code, charge the Army

WARFIGHTING s i
sustained combat incident to opera-

. tions on land;"” this role relates to the
CAPAB I LITI ES Service functions directed by DoD Di-
rective 5100.1. While the contributions

of air and naval forces are essential to
the success of joint operations, their
By MG Edward G. Anderson Ill  ultimate purpose is to support land op-

and MAJ Michael J. McGonagle ~ €rations.

Army forces rarely operate alone.
They are employed as part of, and com-
prise the major portion of, a joint force.
Jointness allows each Service to bring
its particular strengths to augment sis-
ter Services, thus filling potentially di-
sastrous capability gaps. Joint opera-
tions are not new. Early in the Civil
War, Army General Ulysses Grant coor-
dinated his successful attacks of Forts
Henry and Donelson with Navy Flag
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Officer Andrew Foote. These opera-
tions were the beginning of a joint cam-
paign along the Mississippi River that
eventually split the Confederacy.
Modern joint operations are com-
plex orchestrations of multiple Service
and agency capabilities; unity of com-
mand is a key principle of war—a single
commander is responsible for mission
accomplishment. That commander, the
joint force commander (JFC), inte-
grates available forces and develops an
overall campaign plan—not plans for
separate land, air, and naval campaigns.
Joint Publication 3-0, Doctrine for Joint
Operations, specifies there is only one
campaign, the joint campaign.

Force XXI—The Future Army

During his tenure as Army chief of
staff, GEN Gordon R. Sullivan put forth
his vision for the future of our Army:
‘*America’'s Army: A Total Force ...
Trained and Ready to Fight ... Serving
the Nation at Home and Abroad ... A
Strategic Force ... Capable of Decisive
Victory!" (Army Focus 1993, page 2,
Headquarters, Department of the
Army, Washington, DC, September
1993.) This vision characterizes the
radical change which is now reshaping
the structure of our Army as well as our
concept of how the Army will be
employed.

To reach this 21st century Army we
must modernize our equipment along
with our training, doctrine and organi-
zational structure. Force XXI is the
modernization vision for the Army of
the 21st century. “‘Force XXI is the
transformed Army of the 21st Cen-
tury—in its entirety.” (Force XXI ...
America's Army of the 21st Century,
page 6, Louisiana Maneuvers Task
Force, Fort Monroe, VA, January 1995.)
Force XXI is not a goal; it is a journey. A
journey to transform from the Cold War
Army of the 1980s, through the Desert
Storm Army of the 1990s to the nation’s
strategic force of necessity for the next
century. The characteristics of this 21st
century Army are shown in an accom-
panying figure.

Downsizing of the force and the shift
from forward deployment to a CONUS
based, power projection Army has
forced increased reliance on technol-
ogy, particularly information technolo-
gies. It has also forced our reliance on
sister Service capabilities in support of
the joint land battle.

Information technologies will allow
commanders to view the battlefield
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Service Functions - Army

operations”

“Prompt and sustained combat operations on land-
-specifically, forces to defeat enemy land forces
and to seize, occupy, and defend land areas”

“Air and missile defense”

“Forces for Joint amphibious, airborne, and space

“Support and conduct of special operations”

more clearly, in greater detail, and at
extended ranges; thus allowing reposi-
tioning of forces to attack enemy vul-
nerabilities and the introduction of sea
and land based tactical aircraft as well
as sea based firepower.

Our shift to CONUS basing increases
the deployment timelines to many parts
of the globe. This causes the Army to
rely more heavily on sister Services for
transport and protection of assets
enroute; it also forces increased re-
liance, by the National Command Au-

thority, on forward deployed forces,
flexible deterrent options, and rapidly
deployable forces to defuze situations
to either eliminate or limit the necessity
of armed U.S. involvement.

The Army is an equipment intensive
force. Every soldier needs a weapon of
some type. If we expect the Army of the
21st century to be more than a smaller
Desert Storm Army, we must modern-
ize and replace our equipment or we
risk sending our sons and daughters
into battle outnumbered and out-

21st Century Army Characteristics

* Doctrinal Flexibility

* Strategic Mobility

* Tailorability and Modularity

e Joint, Multinational, and
Interagency Connectivity

* Versatility in War and Operations
Other Than War
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gunned.

Desert Storm reinforced our belief in
the importance of advanced battlefield
technology, but given limited re-
sources and the nature of our acquisi-
tion system, it takes a long time to field
new systems and capabilities. Our po-
tential adversaries also recognize the
importance of advanced battlefield
technology; they, however, can rapidly
acquire advanced systems and ca-
pabilities “‘off the shelf.”

Army procurements are require-
ments driven. For combat equipment,
this requirement is expressed as a mis-
sion need or battlefield deficiency
which generates a ‘‘requirements
pull.” While this method is required for
acquisition, it is a shortsighted way to
initiate technology development and
could lead to systems being fielded
without technologies which signifi-
cantly increase our warfighting ca-
pabilities.

"“Technology push' is another
method of initiating technology de-
velopment. While controlled and
guided by the Army S&T Master Plan,
technology push allows the technolo-
gist the freedom to explore new ideas.
This freedom has led to some signifi-
cant improvements in the Army and
will continue so long as we retain our
warfighter focus and maintain our in-
vestment in technologies promising
significant operational improvements.

Army Science and
Technology

Army science and technology pro-
vides the technological tools which,
when fielded, will increase the capabili-
ties of U.S. soldiers in a variety of mis-
sions. Our investment in S&T can pro-
vide affordable and timely technology,
training, and support that meets the
warfighters' needs; develop and main-
tain a world class network of govern-
ment and private S&T capabilities for
shortened acquisition cycles which are
responsive to rapidly changing world
situations; and, produce affordable
technologies for future weapons sys-
tems.

Digitization

Our efforts to “‘Digitize the Bat-
tlefield” are excellent examples of
technology push. Digitization will en-
able the linking of combat, combat sup-
port and combat service support units
throughout the barttlefield. It will en-
able units to pass operational and logis-
tical data accurately and quickly. It al-
lows leaders to make decisions—with
accurate information—in near real-
time; it allows shooters to be shoot-
ing—thus applying the maximum com-
bat power; and it allows supporters to
provide the needed supplies and sup-
port at the critical time and place. Digi-
tization is the tool which allows our
force, using current and future systems,

Demonstration (TD)

Mine Detection TD

21st Century Land Warrior
Top-Level Demonstration Components

Generation II Soldier ATD
Objective Individual Combat Weapon ATD
Integrated Sight Modules Technology

Forward Observer/Forward Air Controller ATD
Advanced Image Intensifier ATD

Multipurpose Individual Munition TD
Personnel Status Monitor
Chemical/Biological Detector

Inertial Navigation System
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to apply maximum combat power on
the battlefield.

New Systems

Since our goal is to design and field a
force which is not just smaller, but bet-
ter than the Desert Storm force, there
must be some major equipment pro-
grams to provide ‘‘leap ahead’ ca-
pabilities to the force. The Army has
two such programs: Comanche (the
next generation armed reconnaissance
helicopter) and Crusader (the Ad-
vanced Field Artillery System).

Comanche is 2 multi-mission (armed
reconnaissance and light attack) heli-
copter with an embedded air combat
capability. It has a built-in interface
with the digitized battlefield and takes
advantage of numerous advanced tech-
nologies to reduce its signature, and
increase its lethality, survivability, sus-
tainability, and deployability. Its ca-
pabilities far exceed those of the cur-
rent reconnaissance helicopter fleet.

Crusader is the Army’s next genera-
tion indirect fire cannon and artillery
resupply system for the heavy force.
The Crusader Program is comprised of
a self-propelled howitzer (SPH) and an
armored resupply vehicle (RSV). The
SPH is an advanced 155mm howitzer
system which provides a significant
increase in artillery survivability/
lethality, mobility and operational ca-
pability through advanced technol-
ogies.

The RSV provides the capability for
resupply of ammunition and fuel to the
SPH. Inserting high payoff technologies
in robotics, automation, expert sys-
tems, and vetronics, the RSV will have
decreased crew sizes, therefore, pro-
viding potential manpower savings.

Our shift to a power projection force
has led to renewed recognition of the
criticality of the early entry operations
and increased our emphasis on the ca-
pabilities of our early entry forces. We
are currently working several programs
to increase the lethality and survivabil-
ity of these forces, while maintaining or
enhancing their deployability.

S&T Programs

The 21st Century Land Warrior
(21CLW) Top Level Demonstration
(TLD) will provide the soldier's link
into the digitized force. It is the most
recent follow-on to the Army's success-
ful Soldier Integrated Protective En-
semble (SIPE) Advanced Technology
Demonstration (ATD). It draws from
numerous technology programs in the
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ACTD Characteristics

materiel decisions.

Focus on a Joint warfighting deficiency;

Technologies, while advanced, should be
sufficiently mature to allow ACTD
completion in less than five years

Provide an operational capability to the user
as an ACTD residual;

Provide the warfighter with additional
information to facilitate doctrinal and

Army, Marine Corps, and at the Ad-
vanced Research Projects Agency.

The 21st Century Land Warrior will
significantly enhance the capabilities of
the individual soldier and Marine, re-
sulting in enhanced survivability, situa-
tional awareness, and lethality at both
the individual and unit levels.

Advanced Concept
Technology Demonstrations

Advanced Concept Technology
Demonstrations (ACTDs), an OSD ini-
tiative, grew from the Packard Commis-
sion recommendation for rapid pro-
totyping. ACTDs apply advanced tech-
nologies to warfighting problems to
provide an advanced capability in a lim-
ited timeframe.

The Rapid Force Projection Initiative
(RFPI) ACTD will demonstrate a *'sys-
tem of systems' approach to increase
the lethality and survivability of our
light forces. Using advanced technol-
ogy, RFPI systems will automatically
analyze enemy information received
from a variety of “‘hunter’ sensors (e.g.,
UAV, IREMBASS, Remote Sentry), for
appropriate weapons pairing, and dis-
tribute the target data to selected
“stand-off killer’” systems (e.g.,
HIMARS, Automated Fire Control How-
itzers) for target attack. Increased le-
thality and survivability are achieved by
extending the battlespace—allowing
detection and attack of enemy forces
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well outside their effective engagement
ranges.

The Army-led Joint Precision Strike
Demonstration was the basis for the
Rapid/Precision Counter Multiple
Rocket Launcher ACTD. This ACTD
will provide the joint force commander
the capability to engage short timeline,
high priority targets. This capability
would allow the JFC to rapidly and pre-
cisely engage Mobile Multiple Rocket
Launchers during their reload period

(following their first salvo) or while
they are enroute to a reload/resupply

point. ) '
We are currently working with

TRADOC, the Marine Corps, the Ad-
vanced Research Projects Agency
(ARPA), and various Army S&T organi-
zations to formulate a Military Opera-
tions in Built-up Areas (MOBA) ACTD.
We anticipate the ACTD, planned to
start in FY1996, will incorporate many
different technologies (e.g. robotics,
non-lethal weapons, advanced sensors,
telemedicine, and advanced simula-
tions). We envision the use of an Army
(light or air assault) infantry force and/
or a Marine Corps landing force to con-
duct MOOTW in a port city. These op-
erations will be conducted in prepara-
tion for the introduction of additional
U.S. involvement, both military and
non-military. As with any scenario, the
forces ashore must be prepared to
engage, using any and all available sys-
tems, groups (or individuals) who seek
to disrupt the efforts of our forces. The
ACTD will leave an operational ca-
pability, perhaps new sensors or
weapons (lethal and non-lethal) and a
simulation tool to be used for training
and mission planning.

Although all ACTDs leave behind a
residual operational capability, they are
primarily designed and managed in
such a manner as to provide the war-
fighter with the most information pos-
sible upon which to base future acquisi-
tion decisions. There are three possible
outcomes of an ACTD as shown in the
figure below.

User not

prepared
to initiate
acquisition

Three Possible Outcomes of an ACTD l

User decides
to initiate
acquisition

Terminate,
(not cost effective)
Place “on the shelf”
(time not right)
Undertake further
development

(good idea, immature
technology)

Large Numbers
Required

One or a Few
Required

Enter Acquisition
Process at whatever
stage is appropriate

Fix Demonstrator To
Be Suitable for
Operation With the
Forces .... And
Replicate As Required
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[Precision Strike

Project & Sustain

LAND FORCE
DOMINANCE
ESSENTIAL
FOR DECISIVE
VICTORY

Direction...Focus
Balanced Insertion of Technology

Win Information War

Science and Technology
Master Plan

Army modernization is documented
in two parts. The first, the Army Sci-
ence and Technology Master Plan, is a
non-system-specific laydown of Sci-
ence and Technology Objectives (STO)
and Advanced Technology Demonstra-
tions (ATD). While not specifically
linked to objective systems, STOs and
ATDs are aligned with and support the
Army Modernization Objectives.

These objectives help the Army lead-
ership to prioritize future moderniza-
tion funds to ensure the greatest return
on our investment.

Army Modernization Plan
The second part is the Army Modern-
ization Plan (AMP). The AMP details the
system specific modernization plan of
the Army. The AMP describes currently
fielded and future systems, lays out the
timeline for the fielding and improve-
ment of these systems, discusses spe-
cific training requirements, and de-
scribes the technology work support-
ing each system. Additionally, the AMP
addresses force structure changes re-
quired by modernization and discusses
upgrade strategies—Vertical Technol-
ogy Insertion (VTI) and Horizontal
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Technology Integration (HTI).

Force Modernization is a Service re-
sponsibility but has significant joint
warfighting implications. The Army
neither plans nor executes its moderni-
zation in a vacuum. We must consider
the impact of our modernization upon
other Services and the plans of the
warfighting Commanders-in-Chief
(CINCs).

At the height of the Cold War, the
U.S. Army, with 781,000 soldiers, was
the fifth largest land force in the world.
Still we were smaller than the Warsaw
Pact forces we prepared to fight. Our
modernized equipment, flexible doc-
trine, and extensive training, coupled
to high quality soldiers, ensured a
qualitative edge to overcome this nu-
merical disadvantage.

As we draw down our force to
475,000 (the eighth largest land force),
we must ensure our forces retain and
expand that qualitative edge. Our doc-
trine continues to evolve, providing
our leaders the flexibility to try new
techniques and take advantage of every
operational opportunity. Our training
is tough and realistic, and our soldiers
are smarter and better motivated than
ever before. Our biggest challenge is
providing modern equipment to these

soldiers.

Just as the technological advances of
the 1970s and 80s ensured a peaceful
victory in the Cold War and battlefield
success in the Persian Gulf, the tech-
nological breakthroughs of today will
save American lives and ensure success
in our future operations. In this age of
fiscal constraint, we must focus our
technologies to solve identified defi-
ciencies while seeking technologies
which promise significant capability in-
creases.

When U.S. forces are again called
upon, our objective must be decisive
victory with minimal casualties. Army
S&T, coupled with the on-going efforts
of other government (DOD and non-
DOD) labs, academia, and industry,
secks to increase our force effective-
ness, thus assuring this victory. S&T can
help lighten our load, decrease our
force response timelines, reduce our
logistical burden, increase the preci-
sion and lethality of our weapons and
increase our survivability. These ca-
pabilities are key if the U.S. Army is to
continue to remain a viable force in
service to the nation, if we are to re-
main “America’s Army.”

MG EDWARD G. ANDERSON I is
the assistant deputy chief of staff for
operations and plans—force devel-
opment, Headqguarters, Department
of the Army. He is a graduate of the
U.S. Military Academy, the Field Ar-
tillery Officer Advanced Course, the
U.S. Army Command and General
Staff College, the Naval War College,
and the British Higher Command
and Staff Course.

MAJ] MICHAEL J]. MCGONAGLE is
the science and technology staff of-
ficer in the Office of the Assistant
Deputy Chief of Staff for Operations
and Plans—Force Development,
Headquarters, Department of the
Army. He is a graduate of the U.S.
Army Officer Candidate School, the
Armor Officer Basic and Advanced
Courses, the Combined Arms and
Services Staff School, and the U.S.
Army Command and General Staff
College.
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“If you can trust yourself when
all men doubt you”

The science and technology (S&T)
community had come to a crossroad in
1990. We could not continue our “old
established™ way of doing business if
we were to survive in these austere
times. “"Purple labs"’ were being
preached on the “Hill"" as the wave of
the future but the S&T leaders in the
Department of Defense (DOD) thought
there was a better way to improve S&T.

Project Reliance was established un-
der the joint directors of laboratories
(JDL) in December 1990, to bring syn-
ergy and critical mass to the Services’
science and technology programs. The
JDL's charter under the joint logistics
commanders was modified to “‘opti-
mize efficient use of the technology
base and laboratory resources ...
through cooperative actions in pro-
gram planning, reviews and assess-
ments, and cross-fertilization of in-
house funding, expertise and fa-
cilities." It was a dream fraught with
obstacles and an initiative with the po-
tential to change the course of S&T in
the DOD.

“If you can dream—and not
make dreams your master”

This new initiative of JDL/Reliance
would have to change the way we did
business in S&T in order to be consid-
ered a success. Where the Services
once went their separate ways in S&T
research, we would now team-up 1o
avoid duplication. Where we once kept
Service funding within the confines of
the Service labs, we would now fund
other agency/Service labs for research
efforts. Where we once adhered to the
old adage of ‘“‘not invented here,” we
would now rely on each other for tech-
nical expertise, basic research, and crit-
ical S&T applications. Where we once
talked of cooperative actions, we
would now make those actions reality.

“If you can think—and not make
thoughts your aim”

In order to accomplish this ‘‘re-
liance” on each other, the Services and
other S&T activities had to make a con-
certed effort to implement the pro-
posed changes and to formalize the
new process. Governing bodies were
formed to manage and direct the new
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PROJECT
RELIANCE:
SUCCESS

IN THE MAKING

By MG Thomas L. Prather Jr.
and Michael |. Dailey

process, and technology panels were
established that brought together key
players in each technology area, in each
Service/agency. A network of coopera-
tion and agreements was undertaken to
divide the S&T workload where possi-
ble, and to ensure all related S&T work
wias coordinated at the working level.
Now five years after its inception—
What is the status of JDL/Reliance?

“If you can meet with Triumph
and Disaster”

Have we been triumphant or success-
ful with JDL/Reliance? Success is a rela-
tive concept—not easy to define and
even harder to achieve. A disaster in
one area could lead to a triumph in
another. To an Olympic swimmer, tri-
umph or success might be defined as a
world record and an Olympic Gold
Medal. To a local swim club member, it
might be a personal best in a chosen
event. To a beginner swimmer, it might

be the simple act of making it from one
side of the pool to the other without
the need of a lifeguard. To date, JDL/
Reliance has not won Olympic Gold,
nor has it required the rescue efforts of
a lifeguard. It has, however, demon-
strated personal best results (tri-
umphant) in each of the technical panel
areas. The following are just a sampling
of the many “success’ stories the Army
has experienced as a result of the JDL/
Reliance efforts.

* Advanced Materials: Through in-
formal mutual agreements, the Army
and Navy have developed and demon-
strated new surface treatments and
coatings that reduce corrosion and
wear of engineering materials for
engines (helicopters) and transmis-
sions. They have also developed new
heat-resistant rubber components,
eliminating duplication of efforts and
resulting in unspecified cost savings to
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each Service.

¢ Air Vehicles: Through memoran-
dums of understanding and verbal
agreements between the Army, Air
Force, Navy, Advanced Research Proj-
ects Agency (ARPA), and National Aero-
nautics and Space Administration, the
Integrated High Performance Turbine
Engine Technology Program has been
established to double aeropropulsion
capability by the year 2003. By using
existing assets and eliminating duplica-
tive efforts, savings in the 6.3 arena are
expected in the range of $36 million for
the three Services.

* Battlespace Environments: In a
handshake agreement, the Army, Navy
and Air Force agreed that future re-
search and development (R&D) for the-
ory and models of the transport and
diffusion of gasses and aerosols would
become the responsibility of the Army.
All other Service R&D efforts in this
area would be terminated.

* Chemical and Biological De-
fense: The Air Force has placed a team
of their science and engineering per-
sonnel at the Army Edgewood Re-
search, Development and Engineering
Center, thus forming a critical mass for
areas of mutual interest. The Marine
Corps agreed to terminate all tech base
funding for chemical and biological de-
fense relying on the Army to meet their
needs. This will be a cost avoidance of

about $2.2 million for the Marines.
* Computer Sciences: In a hand-

shake agreement between Army and
Navy on smart focal plane arrays, the
Army stands to save about §75,000 by
using a Navy testbed. The Navy stands
to save about $750,000 by using the
Army Basic Acquisition Agreement for
smart plane arrays.

* Conventional Weaponry:
Through a lab-level handshake agree-
ment, the Navy has been given access
to the Army’s pulsed power module for
electric guns. This is a cost avoidance of
about $12 million and an acceleration
of the Electric Gun Electro-Thermal
Chemical Program by about two and a
half years. The Navy also agreed to let
the Army use their deformable warhead
at a cost avoidance of about $6 million.
The Army will have also avoided about
§15 million due to tech base agree-
ments in insensitive munitions propul-
sion,
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* Directed Energy Weapons: Un-
der a formal Memorandum of Agree-
ment berween Army, ARPA, the Ballis-
tic Missile Defense Organization, and
Navy, the Mid-Infrared Advanced Chem-
ical Laser/Sea Lite Beam Director High
Energy Laser System at the Army White
Sands Missile Range Program was devel-
oped. This test facility could only be
assembled by the combination of re-
sources (dollars, hardware and expert
personnel) of the varied participants.

* Electronic Devices: The Army,
Air Force, Navy and ARPA have reached
an agreement on microelectronics com-
ponent applications and rapid proto-
typing that should result in a cost avoid-
ance of $100 million. The total cost of
the four-year program is expected to
reach $152 million. In the area of multi-
chip assemblies and subsystems of solid
state radio frequency components, a
cost avoidance of approximately $2
million per year is expected.

* Electronic Warfare: The Army,
Navy and Air Force have agreed to a
division of electronic jamming efforts.
This will eliminate duplication of
efforts in this mutual area of interest.

* Human Systems Interface: Co-
operative efforts between the Air
Force, Army and Navy in advancing and
adapting aural interface technologies
(improved hearing) has resulted in
Army savings of more than $3.5 million
in development costs.

In the five years of JDL/Reliance un-
der a joint logistics commanders’ char-
ter, the JDL/Reliance has captured the
interest of the director of defense re-
search and engineering (DDR&E) and,
in fact, was used as the basis for the
next step in the ever changing S&T
world—Defense Reliance. This step
brings in more players in the S&T com-
munity and broadens the scope of the
original JLC charter. The concept, the
panels, the administration, and leader-
ship of the JDL is being used as the
springboard for future S&T planning
throughout DOD.

So—Where is JDL/Reliance today?
Webster defines success as a favorable
termination of a venture. The above ex-
amples and the increasing interest of
the DDR&E attest to the fact that we are
nowhere near termination of this ven-
ture and are in no position to declare
success and go home. But the far end of

the pool is in sight, our personal best
(triumphs) are getting better and closer
together, and it is not hard to imagine
the term success attributed to Reliance
and the JDL—success in the making.
So we continue to trust our original
judgment on the establishment of JDL/
Reliance. We can still dream of better
things and develop plans for their im-
plementation, never losing sight of the
ultimate goals of an efficient tech base
and an organization that can make the
world of technology work for all of us.
“If you can trust yourself
when all men doubt you
Buit make allowance for their
doubting too ...
If you can dream—and not
make dreams your master
If you can think—and not
make thoughts your aim;
If you can meet with Triumph
and Disaster
And treat those two imposters
Just the same;
. Yours is the Earth and
everything that'’s in it.”

—Rudyard Kipling

MG THOMAS L. PRATHER JR. re-
tired from the Army in August 1995.
His last assignment was as the dep-
uty chief of staff for research, de-
velopment and engineering at the
Army Materiel Command. He also
served as the Army principal to the
Jjoint directors of laboratories from
August 1992 until his retirement.
Prather bas a B.S. degree from Mor-
gan State University, and an M.S.
degree in contracting and procure-
ment from Florida State Institute of
Technology.

MICHAEL I. DAILEY is a program
analyst in the Office of the Deputy
Chief of Staff for Research, Develop-
ment and Engineering at head-
quarters, U.S. Army Maleriel Com-
mand. He bas served on the Army
secretariat staff to the JDL since Jan-
uary 1993. Dailey bas a B.S. degree
in education (science) and an M.S.
degree (biology), both from North-
west Missouri State University.
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AFFORDABLE
ACQUISITION

Introduction

Faced with less money to acquire
equipment and fewer people to man-
age the acquisition process, the Army is
aggressively striving to leverage what
we do have without sacrificing quality
or performance. And we are succeed-
ing!

Traditional acquisition practices cre-
ated to support a Cold War mobiliza-
tion base and large standing force lim-
ited our access to the best and most
modern technologies and program
management processes. As our busi-
ness and acquisition costs and cycle
times increased, the gap widened be-
tween the operational capability we
had and what available technology
could offer.

Traditional acquisition practices
were the by-product of risk avoidance
that relied on detailed military specifi-
cations and standards, ponderous heel-
to-toe oversight, extensive testing and
inspection, and cumbersome contract-
ing procedures. The acquisition con-
cepts we are now putting into place
offer the Army the latest technologies
while simultaneously driving down the
cost of acquisition. An additional bene-
fit of this new affordable acquisition
process is that it allows the Army to
modernize through the use of rebuys
and spare parts. There are four pillars to
affordable acquisition: performance
specifications, investment strategy, vir-
tual acquisition, and best value.
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By Dr. Kenneth J. Oscar

Performance Specifications

The first step to affordable acquisi-
tion was the elimination of military
specifications and standards that tell
suppliers how to meet requirements.
At the root of the problem is 31,000
military specifications and standards.
We struggle hard, but often fail to keep
them abreast of rapidly developing
technology. The greater the divergence
between the military and the commer-
cial sectors, the less likely military
equipment can be purchased from
commercial sources, and the more
likely the equipment will be more ex-
pensive and have less capability and
performance than comparable com-
mercial products. “How-to"" MILSPECS
often constrain the supplier to out-
dated or obsolete processes and pre-
vent him from using his talents and
energies to meet the requirement in a
better, and less costly way.

Performance specs don't tell the sup-
plier how to build the product or
provide the service, but instead state
user needs in terms of form, fit, func-
tion, performance, and interface. Per-
formance specs are not new to acquisi-
tion, but they were often crowded out
by the detailed “*how-to™ specs.

Use of performance specifications
lowers acquisition costs and provides
up-to-date technology to the warfigh-
ter. Performance specifications also
support continuous improvement
through technology insertion in rebuys

Performance
specs

don'’t tell

the supplier
how

to build

the product
or provide
the service,
but instead
state

user needs
in terms of
form, fit,
function,
performance,
and interface.
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and spares procurements. A good ex-
ample is the SINCGARS radio used in
Army vehicles and helicopters. The Co-
manche helicopter relied heavily on ad-
vanced modeling and ‘“‘man-in-the-
loop’’ simulation. The results were im-
pressive. One third fewer test aircraft
were required and the number of flight
hours for operational testing were re-
duced by 75 percent! There was a sav-
ings of $4.5 million in testing alone.

Investment Strategy

Affordable acquisition requires care-
ful up-front analysis and planning. In-
vestment strategies must be based on
thorough market investigations. De-
velopment times and life-cycle costs
can be reduced in a variety of ways,
depending on the nature of the product
or service and the suppliers.

For example, the Tank-automotive
and Armaments Command (TACOM)
groups like items such as tires for dif-
ferent vehicles into one long-term pro-
curement, with a negotiated delivery
schedule. This affords TACOM leverage
to bring down unit cost and, at the same
time, reduce storage and handling
costs. Another approach is to award a
contract on life cycle cost rather than
acquisition cost.

Virtual Acquisition

Modeling and simulation can be used
throughout all phases of the acquisition
process, and has become an integral
part of affordable acquisition. Combat
performance modeling is used before
Milestone I to experiment with dif-
ferent concepts prior to any physical
fabrication. Tradeoff analyses are con-
ducted to ensure that only essential per-
formance characteristics are included
in the system design. Virtual prototyp-
ing is employed to ensure that the de-
sign is “‘right”’ the first time the system
is built in hardware, thus avoiding the
time-consuming and costly ‘‘build-test-
build" loop that significantly increases
cost and development time. Virtual
testing can be used to simulate terrain,
scenarios, and environmental factors
and significantly reduce testing time
and costs. Virtual manufacturing can be
used to accurately model planned pro-
duction facilities and processes, ensure
producibility, and minimize manufac-
turing costs and production time.

Performance specifications permit-
ted a second source rebuy offering im-

18 Army RD&A

New

Acquisition
Process Narrowing the
Technological
Ga
Traditional P
Process

PERFORMANCE
SPECIFICATIONS

BEST
VALUE

INVESTMENT
STRATEGY

VIRTUAL
ACQUISITION

Use of performance
specifications lowers
acquisition costs and
provides up-to-date
technology to the
warfighter.

proved technology at lower costs and
greater reliability. The $23 million dol-
lar cost savings is significant, but the
5,000-hour operating life of the radio is
astonishing!

Best Value

Looking beyond simply the low bid,
to total quality and total cost is the es-
sence of best value source selection.
More and more it makes better business
sense to seek out quality factors which
cannot be determined by price alone.
Key non-cost factors include past per-
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formance, management approach, tech-
nical approach, schedule risk, and per-
sonnel qualifications to name just a
few. Best value is “‘a process used in
competitive negotiated contracting to
select the most advantageous offer by
evaluating and comparing factors in ad-
dition to cost or price.” Well thought
out source selection evaluation criteria
that provide a true means of discrimi-
nating among proposals are essential

for identifying the best value from the
range of acceptable offerors.

Achieving Affordable
Acquisition

Two of the key ways we are using to
change the acquisition culture and im-
plement affordable acquisition are
roadshows and teaming,

/ NON COST__a
FACTORS

Roadshows

Roadshow IV took over from where
Roadshows I, II and III left off to ad-
dress MILSPEC and standards reform,
performance specifications, and best
value source selection. Roadshow V is
underway with emphasis on contract
management. Roadshow for Industry
enlists the involvement and support of
the commercial sectors in streamlining
the acquisition process. Roadshow Lite
provides direct training for smaller or-
ganizations, and Roadshow Export pro-
vides comprehensive reference mate-
rials for local training.

Teaming

We have learned that operating as a
compartmented staff and inspecting
our suppliers rather than working with
them as team members are inefficient
practices. Industry and government
working together as a team with com-
mon objectives, rather than in the more
typical adversarial relationship will im-
prove contract performance and re-
duce litigations.

Alternative disputes resolution is a
superb way to avoid costly protests and
resolve disputes more rapidly. Head-
quarters, Army Materiel Command has
introduced a protest resolution pro-
gram, government-industry partnering,
and live proposal debriefing to reduce
the overall number of protests, and re-
solve disputes in one third the time the
Government Accounting Office takes.

Integrated product teams consisting
of representatives from all functional
disciplines associated with a program
are formed early to optimize design,
manufacturing and supportability proc-
esses. The secretary of Defense di-
rected OSD oversight staffs to shift
their emphasis from sequentially
checking on a program six months
prior to a milestone, to providing con-
tinuous assistance as members of the
team responsible for program success
throughout the acquisition process.

The bottom line is that teamwork
builds trust, trust reduces program dis-
ruptions which in turn saves time and
money.

Summary

We are working hard to deliver smart
policy and empower people to get us
where we need to go. Affordable ac-
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Industry and
government working
together as a team
with common
objectives, rather than
in the more typical
aadversarial relationship
will improve contract
performance and
reduce litigations.
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quisition practices are essential for nar-
rowing the technology gap and leverag-
ing our resources to make certain our
soldiers are properly equipped to fight
and win the next war. Performance
specifications, wise investment strat-
egies, virtual acquisition and best value
contracting are some of the techniques.
Roadshows and teaming are two of the
key ways to change the acquisition cul-
ture and make affordable acquisition
happen.

DR. KENNETH J. OSCAR is the
deputy assistant secretary of the
Army for procurement. He served
previously as principal deputy for
acquisition, Headquarters, Army
Materiel Command; as deputy com-
mander, TACOM; and as technical
director, Tank-Automotive Re-
search, Development and Engineer-
ing Center. Oscar holds a B.S. de-
gree in physics from Clarkson Uni-
versity, and an M.S. and Ph.D. in
physics from American University.
His professional memberships in-
clude the New York and Virginia
Academies of Sciences, Oscar is the
author of numerous articles pub-
lished in international scientific
Journals.
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ARMY

INNOVATIONS
FOR QUALITY
IN THE

21ST CENTURY

LABORATORIES

By Dr. Richard Chait,
Dr. Richard G. Rhoades,
and Dr. Robert S. Rohde

Introduction

Army laboratories in the 21st century
will significantly change from those of
the past. These changes are the results
of multiple initiatives, both internal and
external to the Army. This article will
discuss two important external initia-
tives. The first is the DOD internal labo-
ratory pilot program which will com-
mence in October 1995, in anticipation
of the official start in September 1997
of the Government Performance and
Results Act (GPRA), Public Law 103-62.
The second initiative is the Laboratory
Quality Improvement Program which
is an outgrowth of the National Per-
formance Review. Finally, three exam-
ples of individual Army laboratory inno-
vations in organizational design will be
presented.

OSD Laboratory Internal
Pilot Program

Under GPRA, all federal agencies are
required to develop strategic plans, an-
nual performance plans with goals and
measures linked to those strategic
plans, and annual assessments of their
performance against those goals by
September 1997. The Army Research
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Laboratory (ARL) is the only laboratory
participating as an official (OMB-desig-
nated) pilot under this law.

The Defense Science Board (DSB)
Task Force on Laboratory Management
recommended the early implementa-
tion of GPRA and, in December 1994,
the director, Defense research and
engineering (DDR&E), requested the
Services to initiate the GPRA on an in-
ternal pilot basis at all laboratory ac-
tivities not later than September 1995.
The required documentation for this
effort provides an excellent means of
assessing and improving lab quality.
This early start, therefore, will allow
the labs to gain and share experience in
the use of R&D metrics prior to the
official implementation date. Initial
strategic plans will cover FY
1996-2001, with annual performance
plans and reviews starting with FY 96.

Since ARL had gained considerable
experience due to its involvement as a
GPRA pilot, the assistant secretary of
the Army offered the DDR&E a tri-
Service workshop to acquaint all of the
Service labs with ARL’s background in
this area. This workshop was held at
ARL in Adelphi, MD, on April 4, 1995.

More than 70 senior participants from
the three Services and some federal ci-
vilian agencies as well attended. Dr.
Craig Dorman, the deputy DDR&E for
laboratory management, gave the key-
note address and challenged the group
to be innovative in this very difficult
area of R&D assessment. In particular,
he addressed the set of 25 basic DDR&E
guidelines for developing measurable
criteria. (See Table 1.) These guidelines
were originally recommended by the
DSB Task Force and will be available to
the laboratories for developing measur-
able criteria. The guidelines contain ra-
tionale for importance, dimensions of
interest, and a series of questions for
the labs to use while developing indica-
tors and metrics for measuring impor-
tance. The questions are typical of
those expected to be asked by an exter-
nal visiting committee or review team.

Conformity, even within a military
department, of format and content is
not expected because of the great dif-
ferences between the laboratories. Not
all of the guidelines will lead to criteria
that are of equal significance to all the
labs. Other criteria must be developed
to fully cover unique mission areas, dis-
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ciplinary and life cycle responsibilities.
Both common and unique criteria
should evolve during the course of the
pilot program. Measurement proc-
esses, to include internal and customer
surveys, peer reviews, and quantifica-
tion will also vary. An additional factor
will be the changing needs of the labs,
resulting in criteria and metrics which
will vary year to year.

GPRA implementation is coordi-
nated throughout DOD by the Office of
the Comptroller, Performance Meas-
ures and Results Directorate. The Army
is currently planning two additional
workshops in the summer and fall for
its lab senior management to exchange
information and review progress on the
internal pilots prior to their start in Oc-
tober. The Navy and Air Force labs have
been invited to participate with the
Army in these two workshops.

Quality Improvement

The Laboratory Quality Improve-
ment Program is a successor to the Lab-
oratory Demonstration Program, as
noted in Army RDEA Bulletin, July-
August 1992, pages 6-7, and was for-
mally designated as a Defense Reinven-
tion Laboratory in March 1994. This
program is a test bed for approaches to
improve the processes needed for labo-
ratories to function effectively. Along
with the Navy, Air Force, and Defense
agency participants, the first Army sites
for this Reinvention Laboratory are the
Army Research Laboratory, the Missile
Research, Development, and Engineer-
ing Center, the Waterways Experiment
Station, the Army Medical Research and
Materiel Command, and the Soldier Sys-
tems Command. (The remaining Army
laboratories will also be added.)

In 1992, after approximately two
years of experience with implementa-
tion of the Laboratory Demonstration
Program initiatives, the Service Science
and Technology (S&T) executives spon-
sored an ad hoc review to examine re-
sults achieved and define future initia-
tives. They concluded that important
successes were being achieved through
Service-level initiatives in such areas as
improving the authority of the labora-
tory director over critical support func-
tions and in supply and contracting
process improvements. (For example,
major reductions in the time required
for laboratory equipment purchases,
particularly computers and software,
had been achieved.) However, some of
these gains were threatened by support
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centralization initiatives. They also
noted that further change was needed
in key processes to enable the Defense
laboratories to continue to improve,
and a short list of key initiatives was
defined and endorsed as Laboratory
Quality Initiatives by the DDDR&E and
the deputy secretary of Defense. As
noted earlier, since the fundamental in-
tent of this set of initiatives had much in
common with the ‘‘reinventing govern-
ment”’ theme of the National Perform-
ance Review, the Laboratory Quality
Improvement Program was sponsored
by the DDR&E and designated as a Rein-
vention Laboratory by the director, De-
fense Performance Review.

These nine initiatives are briefly de-
scribed and their current status sum-

marized in Table 2. Taken together,
these initiatives, if we are successful in
demonstrating and implementing
them, should provide the ‘‘set of tools™
needed by the leaders of the Army’s
laboratories of the next century. Our
vision is that with these tools, these
leaders will be able to respond with
agility to the rapid changes throughout
the world in science of technology im-
portant to the laboratory’s mission;
able to size the workforce of the labora-
tory to respond to market forces; able
to compete successfully on the market
for the “best and brightest’ talent for
the laboratory workforce, able to re-
ward, nurture and, if necessary, sepa-
rate members of that workforce with a
flexible and simple personnel system;

LABORATORY QUALITY INITIATIVES
TABLE 2

m RESOLVE CONFLICTS WITH
CENTRALIZATION INITIATIVES
Laboratory director determines most efficient
and effective source of support services,
except where required by statute

Being worked on a base by case basis, with
DDR&E as sponsor

|m INCREASE MINOR MILCON THRESHOLD
Obtain legislative authority for local approval
of minor construction up to $1M, etc.

Part of administration proposal for FY 96
Authorization Act

|= INCREASE SMALL PURCHASE
THRESHOLD
Increase the small purchase threshold from
$25,000 to $100,000 via legislation

Authorized by Federal Acquisition
Streamlining Act - being implemented

|m EXPEDITE/STREAMLINE R&D
CONTRACT PROCESS

Ensure earliest implementation of a test of
streamlined research and development
procedures approved by the DAR council

Twenty month test in progress; started 1 Oct
94 - covers contracts < $10M

|= COOPERATIVE AND OTHER
AGREEMENTS

Expedite delegation of authority to the services
to enter cooperative and other agreements

Aided by FY 94 Authorization Act, authority
to enter into cooperative agreements has
been provided to services and some labs

® MANAGE TO BUDGET
Laboratory director manage laboratory
human resources to budgeted workload
within overall agency personnel ceilings

While endorsed by NPR, deferred as
unrealistic until DoD downsizing completed

|m OMNIBUS PERSONNEL LEGISLATION
Give laboratories the opportunity to conduct
personnel demonstration projects designed
to improve guality of workforce

Authority to conduct demonstrations
generally similar to China Lake provided by
FY 95 Authorization Act. Demonstrations
being implemented

W DIRECT HIRE AUTHORITY
Obtain authorization for laboratories to direct
hire to fill vacancies

Merged with personnel demonstration
initiative, being worked

B CLASSIFY AND APPOINT SCIENCE AND
TECHNOLOGY (ST) POSITIONS
Obtain authorization for laboratories to classify
science and technology (ST) positions and to
appoint personnel to these positions

Number of STs significantly increased

September-October 1995




able to use streamlined procedures to
obtain best value in the goods and serv-
ices needed to accomplish their mis-
sion; and able to use a variety of effi-
cient mechanisms to partner with in-
dustry and academia to carry out
programs of mutual interest.

Laboratory Innovations

This section is devoted to illustrating
some of the innovations in organiza-
tional design which have been under-
taken by individual Army laboratories
prior to the initiatives of GPRA or the
NPR. They indicate that the Army has
been very proactive in responding to its
changing environment and has sought
ways to improve efficiency and per-
formance given the opportunity and
available resources. Examples of these
innovations are shown below for labo-
ratories for several Army major com-
mands.

* U.S. Army Materiel Command
Chemical Research, Development
and Engineering Center (CRDEC),
Edgewood, MD. In 1992, CRDEC rec-
ognized that their organization was
structured along traditional product
lines with a classic bureaucratic hier-
archy which provided little individual
empowerment. More work was needed
in meeting customers’ needs and im-
proving worker morale. In response to
these concerns, CRDEC committed to
an “‘all hands” examination of the orga-
nization, its people, its customers, and
its future. Following what has become a
classic approach, CRDEC conducted
this examination with a Process Action
Team (PAT) representing all segments
of the workforce. The PAT looked at all
major processes (what worked and
what didn't) and developed recom-
mended improvements, including five
restructuring options.

The result of this analysis was the
choice of a major restructuring of the
center's organization to enable broad
use of interdisciplinary teams. The cen-
ter was changed from having four
product-oriented directorates with
more than a dozen staff support ele-
ments to two functionally-aligned di-
rectorates (one doing research and
technology development, the other do-
ing engineering and acquisition sup-
port). The key to the new organization
was the establishment of horizontal
organizations or directorates, having
major responsibilities for the care and
nurturing of skilled people to work on
teams. CRDEC adapted a matrix-
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oriented, team-directed workforce ap-
proach to accomplish virtually all as-
pects of the business. This “‘flattened”
the organization and eliminated most
vertical approval chains from the com-
pletion of tasks. Currently, CRDEC is
almost two years into its reeingineering
effort. The leadership is convinced that
the new structure is working, the new
visions and values are being reflected in
new behaviors, and that its empowered
workforce is responding with new
enthusiasm.

* U.S. Army Corps of Engineers
Construction Engineering Re-
search Laboratory (CERL). CERL is
an example of a government laboratory
in which a comprehensive partnership
with a major university (University of
Illinois at Urbana-Champaign) was built
into CERL's mission as the Army and
DOD conceived the organization in
1966. This partnership was based on a
model recommended by the National
Academy of Sciences, which is a fore-
runner to the DSB’'s “Federated Labora-
tory”’ concept. The concept was to
create a mutually beneficial arrange-
ment to give the Army and DOD access
to the personnel, resources, equip-
ment, and facilities of an elite research
university while providing value-added
as a non-cost asset of the university.

This unique arrangement provides
an excellent source for recruitment,
with many UIUC Ph.D. and master’s
theses addressing Army and DOD prob-
lems as a result of this relationship. The
university is also landlord for CERL, and
CERL is an allied agency of UIUC. This
status allows access to more than
$500M of state-of-the-art facilities and
equipment; exchange of consultant
and/or teaching privileges (400 UIUC
faculty and staff directly support CERL
mission R&D and 26 CERL researchers
are adjunct professors); student/staff
privileges; technical support; profes-
sional activity and contacts; and tuition-
free courses for CERL employees, and
access to the UIUC library—the third
largest academic collection in the na-
tion. They also jointly operate more
than a dozen research programs and
centers. This resource multiplier can-
not be found anywhere else within
DOD, and its benefits to the Army and
DOD are far more extensive than could
have been anticipated in the 1960s.

* U.S. Army Biomedical R&D La-
boratory (BRDL). BRDL has success-
fully addressed mission accomplish-
ment in the face of reduced manpower

and resources by aggressively pursuing
the management strategies of leverag-
ing resources, developing win-win
partnerships and outsourcing where
needed competency is more eminently
gained from outside the organization.

The laboratory conducts research for
the DOD in the area of environmental
toxicology and the development of al-
ternatives to the use of mammals in
toxicity testing. Joint research projects
in which resources have been pooled
have been accomplished with the Na-
tional Cancer Institute, the National In-
stitute of Environmental Health Sci-
ences, the U.S. Environmental Protec-
tion Agency, the U.S. Department of
Energy, and the U.S. Department of the
Interior. In addition, academic institu-
tions (e.g., University of West Virginia,
Johns Hopkins University, University of
Maine, and the Pacific Northwest Re-
search Foundation) are currently pur-
suing research using BRDL's unique fa-
cilities in Maryland.

The lab has also reached out to aca-
demia via Cooperative R&D Agree-
ments (CRDA) with Colorado State Uni-
versity's Center for Environmental Tox-
icology and Technology. The current
plan for BRDL is to consolidate the
DOD activities in the aforementioned
research areas within the proposed
Armed Forces Medical R&D Agency
and continue this highly leveraged pro-
gram as a Federated Lab.

DR. RICHARD CHAIT is director
Jfor research and laboratory man-
agement, OASARDA. He holds a
Ph.D. in solid state sciences from
Syracuse University.

DR. RICHARD G. RHOADES is the
associate director for systems, U.S.
Army Missile Command RDE Cen-
ter. He holds a Ph.D. in chemical
engineering and mathematics from
Rennselaer Polytechnic Institute.

DR. ROBERT S. ROHDE is the
Night Vision and Electronics Sen-
sors Directorate (NVESD) liaison to
the Office of the Deputy Assistant
Secretary of the Army for Research
and Technology, HQDA, and a
physical scientist on the staff of
NVESD. He holds a Ph.D. in physics
Jfrom the Illinois Institute of Tech-
nology.
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The federated laboratory concept is
the centerpiece of a new organizational
and management philosophy that re-
sponds in a unique way to the many
administration, congressional and De-
fense Science Board efforts to stream-
line Defense research.

In today’s climate, with government
downsizing and constrained resources,
requirements for the Army research
program are growing. This paradoxical
situation of having to do more with less
actually offered new opportunities for
achieving real management efficiencies
and whipcord lean programs that can
and will meet or surpass the require-
ments.

To accomplish this strategic vision, it
was essential to take advantage of the
many new initiatives emanating from
the upper levels of the executive
branch, from congress and from the De-
partment of Defense.

In today’s climate,

with government
downsizing and
constrained resources,
requirements for the
Army research
program are growing.
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AN
ARMY

By Dr. John W. Lyons

The federated laboratory, or
“FedLab,” defines a new way of doing
business for the Army research com-
munity. FedLab was conceived by the
Army Research Laboratory in response
to an urgent need to provide the tech-
nology base required to “‘digitize’” the
battlefield. In other words, it was de-
signed to develop the microelectronic
and digital communications technol-
ogy that provides the capability to
move information and intelligence
around the battlefield in real time, and
to process and distribute it in appropri-
ate formats to commanders at all levels
in an immediately useful form.

The FedLab concept came into being
just over a year ago. As the concept
evolved, it became defined as a new
relationship of military scientists and
engineers to their counterparts in in-
dustry and academia; a close, shared
and sharing compact with carefully de-
fined parameters and great freedom
within them.

‘When the Army Research Laboratory
was activated about three years ago,
there were pieces of digital technology
scattered throughout the organization,
but the effort was not focused on the
digital battlefield. The leadership of
ARL realized that, while the Army gen-
erally is credited with the first major
use of the digital computer, the civilian
world has moved ahead in both com-
puters and telecommunications. We
decided to combine our efforts with

REINVENTING

LABORATORY

those of industry and academia, there-
by enhancing our research for the bene-
fit of soldiers.

Our soldiers, sophisticated in the use
of computers from childhood, are
ready for the most advanced informa-
tion systems the Army can develop.
Our scientists are ready to leap-frog
into ground-breaking research that will
be of great and critical benefit to sol-
diers and a boon for civilian industry as
well.

Federated laboratory management
was the answer to the resource and
downsizing questions. We needed to
establish long-term partnerships, close
teamwork, with the private sector, in-
dustry and academia, where the exper-
tise resided. Equally important, we
needed to achieve the critical mass of
researchers needed to make the most
advanced technology available to the
soldier and to develop the strategy of
the future course of Army research.

The mechanism chosen to set up the
federated laboratory was the coopera-
tive agreement, not to be confused
with the cooperative R&D agreement,
or CRADA. The cooperative agreement
vehicle falls somewhere between the
usual R&D contract with its hands-off
nature and a grant, also hands-off but
for more basic investigations by univer-
sities. ARL's cooperative agreements
call for consortia to be formed. Each
must consist of at least one university,
one industry research entity, and one
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historically black university or minority
institution.

Once the consortia are formed and
under cooperative agreements—we an-
ticipate letting the first cooperative
agreements to support the digitization
initiative this fall—ARL will interact
with them aggressively. We intend to
support major research programs in the
general areas of information and com-
munications sciences and digital tech-
nology. We anticipate that as much as
20 percent of our scientists will be on
long-term assignments with consortia
organizations, and that consortia scien-
tists will be at ARL on equal assign-
ments.

In order to achieve the new focus of
ARL and the federated laboratory, sev-
eral management initiatives have been
brought to bear in its support. They
include the Government Performance
and Results Act (GPRA), with its accent
on accountability of government agen-
cies, and the National Performance Re-
view, which allows ARL to seek waivers
from certain restraining or encumber-
ing regulations. There are also the Labo-
ratory Quality Improvement Program
(LQIP), offering new opportunities for
restructuring our personnel system,
and Business Process Reengineering
(BPR), with its emphasis on streamlin-
ing internal processes.

Government Performance and
Results Act. With the linkage between
performance and outcomes explicit in
GPRA, quantifiable, outcome-related
goals are set and an annual perform-
ance plan with accompanying metrics
by which we can demonstrate yearly
progress toward the strategic goals is
developed. ARL has developed and re-
fined its mission and vision and pre-
pared a strategic plan. We currently
publish an annual report that details
our achievements of the past year.

GPRA will soon become govern-
ment-wide, beginning in FY 1998.
There are currently more than 80 pilot
projects being conducted to provide
experience and lessons learned for
those agencies that have yet to partici-
pate. The Army Research Laboratory is
the only research and development or-
ganization of the 80 government agen-
cies participating in the GPRA pilot
project. We at ARL believe that the
spotlight is on us to demonstrate how
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R&D organizations of the future will
plan and evaluate their programs.

National Performance Review.
This program has established ‘‘reinven-
tion laboratories’” to provide a mecha-
nism whereby government agencies
may request waivers from certain out-
dated or unnecessarily burdensome
regulations or those that are irrelevant
to a specific organization. ARL has re-
quested more than 50 waivers in the
areas of resource management, the pro-
curement process, logistics and supply,
information systems and facilities man-
agement. Some have already been
granted, while others are pending.
Waivers such as these will allow ARL to
operate in a more businesslike manner,
with greater efficiency and a much in-
creased ability to react to changing re-
quirements and resources.

Laboratory Quality Improve-
ment Program (LQIP). The Depart-
ment of Defense provides support for
all of its S&T reinvention laboratories,
some 12 others in addition to ARL,
through LQIP. This program opens new
opportunities for seeking waivers to
current constraints and, while ARL has
several initiatives in the pipeline, by far
the most significant is our vision of a
new personnel system.

When congress extended to the sec-
retary of Defense the authority to ex-
pand the so-called ““China Lake" ex-
periment, ARL quickly took advantage
of the opportunity. Our Alternative Per-
sonnel Management Demonstration
will allow us to attract, develop and
retain the best and the brightest per-
sonnel for FedLab. Our plan has been
developed by intensive work of a
senior-level executive steering commit-
tee with extensive participation by a
staff members committee chaired by a
bench-level scientist. We have held
town meetings throughout the labora-
tory's many locations and put drafts of
the plan on electronic bulletin boards
internally. Everyone with access to a
computer or fax machine has been en-
couraged to become part of the proc-
ess. This employee participation is an
essential part of ARL’s approach to re-
vamping its personnel system.

Business Process Re-engineering
(BPR). An important leg of ARL’s revo-
lution in organizational management
and culture is BPR. With the goal of

Our soldiers,
sophisticated in the
use of computers from
childhood, are ready
for the most advanced
information systems
the Army can develop.

providing the technical staff of ARL
with the highest level of infrastructure
support in the most efficient way, BPR
is a clinical look at internal processes,
streamlining where possible and elimi-
nating where necessary. This last piece
of the mosaic is absolutely essential to
achieve a preeminent scientific organi-
zation with fewer people. Many gains
have already been made in the resource
arena and many more are under study.

With these initiatives, the Army Re-
search Laboratory is moving confi-
dently and with great resolution into
its future, while blazing new trails in
R&D management for the rest of the
federal laboratories to follow. The
focus of our research—the soldier—
will never change. Our mission is cen-
tered around soldiers.

ARI Mission. Execute fundamental
and applied research to provide the
Army the key technologies and ana-
lytical support necessary to assure su-
premacy in future land warfare.

DR. JOHN W. LYONS is director of
the Army Research Laboratory and
is a physical chemist with degrees
from Harvard College and Wash-
ington University in 5St. Louis. He
has published four books and mare
than 6O papers, and bolds a dozen
patents.
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Introduction

Today, Americans enjoy a lifestyle
unequaled anywhere in the world. In-
deed, technological ‘‘miracles’” dis-
covered decades ago are now part of
our everyday lives and are taken for
granted. For example, medical ad-
vancements, such as laser surgery and
implantable heart-assist pumps, are in-
creasing life expectancy and improving
quality of life. Hospitals are realizing
millions of dollars in annual savings,
thanks to research resulting in vaccines
for infectious diseases.

The information highway is expand-
ing rapidly, thanks to the development
of the microchip and fiber optics. Re-
cent Mount Everest climbers were pro-
tected from the cold by a synthetic fi-
brous insulation layer that surpasses
the overall performance of natural
down. The Nobel Prize winning discov-
ery of the maser-laser principle by Pro-
fessor Charles Townes led to the de-
velopment of a multitude of industrial,
medical, and military applications.

Compact disc players, commercial
scanners, new surgical techniques and
devices, communications system im-
provements, range finders, and target
designators are but a few applications
of lasers which benefit the military and
society at large. Modern vehicles are
becoming more dependable because of
progress in turbomachinery and other
engine-related fields. Secure communi-
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OF ARMY

By Dr. Gerald J. lafrate
and W. Davis Hein

cations systems protect corporate se-
crets, aeroacoustical discoveries allow
more efficient and cost-effective cool-
ing of our offices and homes, and com-
panies like AT&T and UNISYS have suc-
cessfully applied new natural language
processing capabilities in the data proc-
essing industry. Through the magic of
chemically treating metallic surfaces
with a corrosive resistant coating, the
U.S. Army saves over $1 billion a year,
while national corrosion costs of over
$30 billion a year have been drastically
reduced ... and the list of technical
achievements goes on and on.

The accomplishments cited in these
illustrative vignettes are a product of
basic research programs funded by the
Army and the Department of Defense
(DOD) over the last several decades.
Recent successes in the Desert Storm
campaign are owed mainly to the rich
legacy of research and development
from the post-World War Il and Korean
War era.

In recognition of the profound leg-
acy of research in driving new techno-
logical opportunities for the future, the
Army last year placed basic research in
its top 10 list of R&D priorities. Without
a strong commitment to research in the
Army investment portfolio, future mili-
tary readiness will suffer from the lack
of novel and cost-effective approaches
for enhancing the lethality, mobility,
and survivability capabilities needed to

INCREASING
RELEVANCE

RESEARCH

meet the challenges of a modern 21st
century power projection Army.

Desert Storm

Desert Storm has often been cited as
a technological revolution in warfare;
the world watched on live TV and saw
the value of technology in military ca-
pabilities such as stealth aircraft, global
positioning systems, precision-guided
munitions and theater missile air de-
fense. As for the future, the technologi-
cal revolution is predicted to continue.
In an essay in The Scientist, Dr. Frank
Press, former National Academy of Sci-
ences president, expressed the view
that science is entering a new age and
predicts that “it will be an era in which
the boundaries between basic and ap-
plied research erode. More than ever,
science will drive technology and, in
return, technology will drive scientific
progress. This new reality will entail
an increasingly direct connection
between fundamental science and engi-
neering and their commercial applica-
tions.”’ This new era will certainly
provide opportunities for new and
enhanced military capabilities, and it
will be the challenge of the DOD and
the Army to tailor the research and the
resultant emerging technologies to
effect the future conduct of land war.

Today, there is no question that the
U.S. leads the world in military tech-
nologies and weapons capabilities.
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Therefore, one might rhetorically ask:
why should the United States continue
to support research in a race in which
we have a clear cut lead? In response,
historians cite a long chronology where
challengers to dominant military power
arise very quickly.

Technological Surprises

Technological surprises can occur at
any time as evidenced by the appear-
ance of German jet aircraft and missiles
during World War II and the launch of
Sputnik in 1957. In today’s environ-
ment, military technology is so per-
vasively available through the commer-
cial sector that third world powers and
terrorist groups can access cruise mis-
siles, satellite intelligence, and even
weapons of mass destruction. Some
strategists echo the sentiments of Pro-
fessor Andrew Krepinevich Jr., director
of the Defense budget project, that
“‘the geopolitical and the military-
technological revolutions underway in-
dicate that far greater emphasis should
be placed on maintaining U.S. military
capability in the long run than was the
case during the Cold War."”

Within the Army, the influence of
research on the battlefield of tomorrow
is clearly envisioned in Force XXI. Re-
search in a wide range of information
technologies, including advanced sen-
sors, interactive displays, distributed
simulation, and others, will underpin
the digital battlefield. Since many of
these technologies will be in wide com-
mercial use, research on counter-
measures will no doubt become much
more important and systemic.

The world environment is today far
less predictable than it was during the
bipolar nuclear stand-off cold war era.
In the future, low intensity conflicts
will be more frequent. Non-lethal
weapons for peacekeeping missions
and operations other than war will in-
crease in importance. Synthetic en-
vironments will be developed to train
soldiers far more cost effectively and
efficiently than is currently being done.

Clearly, in order for the Army to meet
the challenges of the future, military
science and technology must evolve
with synergy and concurrency to form
a continuum,; in this way, military strat-
egy and tactics in partnership with
technology can work in a push-pull
relationship whereby new doctrine
drives changing technology, and chang-
ing technology drives new doctrine,
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force structure, and tactics. The Army,
more than any other Service, will need
research to shape its future.

Harnessing the power of research re-
quires technological stewardship, pa-
tience, and tenacity. Research products
don’t come in a gift-wrapped box; they
evolve from science and technology
generation, and are then shaped and
tailored to meet specific applications.

Professor Nathan Rosenberg of Stan-
ford University, in an address to the
National Academy of Sciences, noted
that new technologies enter the world
in a very primitive condition—this is
often the efficacy of a new technology.

At the Army Research Office 40th
Anniversary Symposium, Professor
Charles Townes, Nobel Laureate, com-
mented about his discovery of the
maser: ‘‘who ever thought then that I
would be making a major contribution
to the present day emerging field of
magnetic resonance imaging (MRI)."”

Marconi thought that the radio had
application only for private point-to-
point communication, primarily ship-
to-shore. Tom Watson Sr., in 1949,
thought that the world’s need for com-
puters could be satisfied with 10 to 15
computers. History shows us time and
time again that the seed corn for basic
research drives growth and horizontal
integration to applications far beyond
the discoverer or entrepreneur’s origi-
nal intent and vision. Often it takes a
combination of technologies to thresh-
old an applications advance. For exam-
ple, the single transistor, when ex-
tended to the integrated circuit level,
ushered in the era of modern micro-
electronics to give us the personal com-
puter and much more.

The tendency is to view new technol-
ogy as an evolutionary supplement to
existing system performance, e.g. the
telephone was seen merely as an im-
provement to telegraphy. Yet, imagina-
tion and applications entrepreneurial-
ism is just as important as technological
innovation. Therefore, it is not always
sufficient to invest only in research
with a specific application in mind.

Research and emerging technologies
should be conceived as building blocks
that can be designed and tailored to
take various shapes. A diverse research
portfolio is essential for priming the
technology engine that will be neces-
sary to shape the future of the Army,
DOD, and the nation.

Role of University and
Industry Research

University research jointly fuels eco-
nomic competitiveness and enhances
national security. In the wake of cor-
porate downsizing, restructuring, and
mergers, basic research has been
among the hardest hit areas of the in-
dustrial technology base. Investors do
not reward carporations that invest in
research for the long-term. Therefore,
much of corporate America is driven to
the short-term technological perspec-
tive; the small amount of research con-
ducted in industry is based on primarily
low-risk, product-oriented develop-
ment. Universities, on the other hand,
have in the past and continue to carry
out most of the pioneering research
with long-term potential.

As new national strategies for tech-
nology reinvestment are considered,
it is clear that industry cannot be
expected to fill the gap created by po-
tential reductions in DOD-sponsored
university research programs; the seed-
corn for future technological oppor-
tunities within DOD and the nation will
be lost.

While industrial leaders invest in the
near term for economic preservation,
they are not insensitive to the critical
importance of basic research in under-
pinning their economic competitive-
ness. In a March 13, 1995, letter to con-
gressional leaders, Newt Gingrich, the
speaker of the House and Robert Dole,
Senate majority leader, 15 chairmen
and chief executive officers from some
of the largest corporations in America,
including Norman Augustine from Mar-
tin Marietta, and John Welch from GE,
expressed their concern that the fed-
eral government should not reduce its
investment in university research;
“*America’s leadership position in a
global and competitive economy has
been fueled by our technological prow-
ess. Qur universities, and the research
programs pursued therein, have played
a pivortal role in continually advancing
our technical knowledge and know-
how. The standard of living we enjoy
today has, in large part, been made pos-
sible by our ingenuity and creativeness
and our ability to continually advance
and apply technology.”

DOD invests in mission-oriented re-
search; therefore, this research is stra-
tegic in nature. The accompanying fig-
ure illustrates the flow of scientific
research results through the Army
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ACTN  Advanced Concepts and Technology Program Il
ACTDs  Advanced Concept Technology Demonstrators
ARL Army Research Laboratory

ARO Army Research Office

ARPA Advanced Research Projects Agency

ATDs Advanced Technology Demanstrators

AWEs  Advanced Warfighting Experiments

0CRs Operational Capability Requirements

RDECs Research, Development and Engineering Centers
SBIR Small Business Innovation Research

STOS science and Technology Objectives

TRADOC  Training and Doctrine Command

THE SCIENCE AND TECHNOLOGY CONTINUUM

GLOSSARY OF ACRONYMS

See Glossary for Acronyms

- Federated Labs
- Exploratory Research

ARO (6.1)

- University Single Investigator
- University Centers of Excellence

- Advanced Tech Demos
« Engineering Development
- Independent Laboratory

In-house Research
ARL (6.1-6.2)

“TRADOC
AWEs
OCRs

RDECs (6.1-6.2-6.3)

science and technology continuum.
Research results are horizontally in-
tegrated into follow-on exploratory
research and advanced develop-
ment. Universities are central to the re-
search base that enhances our military
and economic competitiveness. In
many technology areas, DOD provides
almost exclusive, albeit mission-
oriented, support to the university re-
search community. For example, De-
fense investments in optoelectronics
research today underpin advances in
telecommunications and computa-
tions.

The backbone of today’s information
highway, providing message and data
communication worldwide, was pio-
neered by the Advanced Research Proj-
ects Agency (ARPA) with the develop-
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ment of the ARPANET, now known as
INTERNET. DOD has developed exten-
sive programs in optical interconnec-
tions, optical telecommunications, af-
fordability of electro-optical modules,
and the like. The DOD research invest-
ment in optoelectronics today provides
almost 90 percent of the U.S. research
investment in this critical technical
area, and through this research invest-
ment has educated a trained, superior
work force in an area vital to both na-
tional competitiveness and security.

A major value-added contribution of
Defense-sponsored research is the
education of future scientists and
engineers in technical areas critical to
Defense and competitiveness. In 1991,
Congress noted that ‘‘the science and
technology work force of the United

States has been declining in recent
years and that decline threatens the
supply of qualified engineers and scien-
tists for the DOD in the future.” As a
counter to this trend, DOD annually
supports approximately 8,000 science
and engineering graduate students as
research assistants through university
research grants and contracts. In addi-
tion, the DOD Services and agencies
support thousands of other students
through numerous fellowship and post-
doctoral programs, youth science ac-
tivities, and outreach programs for his-
torically black colleges and universities
and minority institutions.

Historical Perspective

After World War I1, Congress empha-
sized the importance of research to na-
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tional defense by formally establishing
the Office of Naval Research in 1946.
This was followed by the establishment
of the Army Research Office in 1951,
the Air Force Office of Scientific Re-
search in 1952, and ARPA in 1958. To-
day, DOD no longer dominates federal
R&D funding, as it did in the years im-
mediately following World War II; in
fact, support for basic research peaked
in the mid-1960s with the shift in
emphasis toward near-term payoffs.

In the mid-1970s, DOD recognized
that its basic research program had
suffered a 60 percent reduction in
purchasing power relative to the
mid-1960s due to inflation. Following a
1976 recommendation of the Defense
Science Board, research funding in-
creased by about 55 percent in real
terms in the 1976-86 timeframe. By
1986, Defense-related spending peaked
at 69 percent of the federal R&D budget
authority. Since then, federal R&D
spending priorities have shifted as a re-
sult of increasing budgetary pressures
and changing U.S. security concerns.

Just prior to World War II, the Army
and Navy departments sponsored al-
most no research; in fact, the entire
Navy R&D budget was less than $9 mil-
lion. The result was a defense force not
well-informed of technical possibili-
ties, nor fully aware of the engineering
and scientific opportunities available to
it. The massive research programs un-
dertaken to overcome pre-World War Il
shortcomings eventually resulted in
radar, the proximity fuze, nuclear
weapons, jet aircraft and missiles. To-
day, DOD research is mission-oriented;
yet, commonly used commercial prod-
ucts ranging from lasers, computers,
global positioning satellite navigation,
and even suntan lotion have their gen-
esis in DOD-sponsored research.

The Future

When queried about the economics
of research, Vannevar Bush wrote in
1945 that ““basic research is performed
without thought of practical ends ...
[it] provides a means of answering a
large number of important practical
problems.” However, the 1970 Mans-
field Amendment to the Military Pro-
curement and Research Authorization
Bill prohibited DOD from financing
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“‘any research project or study unless
such project or study has a direct and
apparent relationship to a specific mili-
tary function or operation.” (This was
later amended by substituting “‘poten-
tial relationship™ for ““direct and appar-
ent’.)

Notwithstanding the Mansfield
Amendment, DOD has always targeted
strategic research objectives of military
importance; and even though strate-
gically targeted, many advances from
basic research have often taken un-
predictable paths and have led to far
different applications than originally in-
tended. Capitalizing on these unpre-
dictable paths as they emerge is the key
to true research leverage.

The Committee on Science, Engi-
neering, and Public Policy reported in
“*Science, Technology and the Federal
Government: National Goals for a New
Era” that *'Leadership in basic research
is not a luxury; it affords a comparative
advantage for the country that also does
a world class job at the other processes
by which new scientific insight is
turned into societal value.” As the ex-
amples above illustrate, there is no
doubt that Defense research has had a
tremendous impact on the civilian sec-
tor.

In the past, research was performed
independently by government labs, in-
dustry or universities. While some
mechanisms were in place to transition
technology among these performers,
there were few instances where these
performers actually worked in collab-
oration. Times are changing! The new
research paradigm speaks of co