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A Message from th-e Director 

RL's history has been a story of success. Since the laborato- 
ry's inception in 1992, our mission has been to provide inno- 
vative science, technology, and analyses to enable execution 

of full-spectrum operations. While the mandate has been consistent, 
ARL has had to adapt to implement it. Fortunately, our efforts have 
paid significant dividends, as  ARL technology has been deployed in 
major Army systems and we continue to  conduct research critical to 
the success of Army Transformation and ongoing operations in the 
Middle East and Afghanistan. 

ARL has maintained its level of quality research and analysis despite 
undergoing various transitions that are inevitable with the establish- 
ment of a new organization. Credit for the steadiness of our efforts 

john Miller goes to our scientists and engineers, who continue to focus on the 

Acting Direcior, ARL issues that are essential to the Future Force. American success on 
the battlefield depends in part on the technology developed by both 
our basic and applied research. ARL's excellence as a developer of 
Army technology hinges on its dedication to both research and 
analysis, and a priority on employing and maintaining top-notch sci- 
entists and engineers. 

In addition to scientific and engineering endeavors, ARL recognizes 
that the development of new technology requires innovative thinking 
concerning organizational matters. In the past ten years, we have 
seen ARL develop as an organization through the consolidation of 
directorates, new hiring initiatives that have expanded ARL's diversi- 
ty and talent pool, and enhanced partnerships that allow us to lever- 
age and incorporate research being done in both academia and the 
private sector. Finally, all of these initiatives are made possible by 
ARL's state-of-the-art facilities, many of which have been constructed 
in the past ten years. 

But despite all of the advances of the past ten years, we will not rest 
on our laurels. The 2 1st century presents new challenges for the 
Army, and ARL stands ready to meet those challenges. This history 
of ARL establishes where we have been, but perhaps more impor- 
tantly, reminds us of where we must go. As we look back on our first 
ten years, we are proud of all we have accomplished. But we are 
committed to  meeting the challenges of the future that will ensure 
the Army's continued technological superiority. 



A Message from the Director. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ii 

Prelude: Before ARL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Section 1: Founding of ARL . 7  

Section 2: Building ARL, 1993-1998 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 

Section 3: Envisioning the Army of the Future, 1998-2001. . . . . . . . . .  .35 

. . . . . . . . . .  Section 4: September 1 l th and After: The Future of ARL .47 

ARL Organization. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .55 

Remarks at the 10th Anniversary Ceremony . . . . . . . . . . . . . . . . . . . . .  . 63  





I 
Prelude.: Before ARL 

T oday's military laboratory system has deep roots, going back to the early 
years of the nineteenth century when America first found its footing on the 
international stage. Military research began in the United States with ord- 

nance supply and Army medical research. By 1820, the Army had its first laborato- 
ry at Watertown Arsenal in Massachusetts. Rudimentary by today's standards, the 
early laboratory researched pyrotechnics and waterproof paper cartridges. 

More than 100 years later in 1945, the Army published its first official policy on 
research and development (RRD), formally recognizing the need for civilian scientif- 
ic assistance in military planning and weapons production. The Research and 
Development Division of the War Department General Staff was established on June 
11, 1946, marking the first time R&D was recognized as a separate military effort. 
The initiative, however, didn't last. 

In 1947, the R&D Division was abolished as a separate unit and redesignated a 
group in the Service, Supply, and Procurement Division of the General Staff. Civilian 
scientists, though, campaigned for recognition. Opposition to establishment of a 
separate R&D command or element came from Army staff and technical service 
chiefs who opposed dismantling the traditional technical service structure. 

The scientists eventually got their wish. The Office of the Chief of Research and 
Development emerged as an independent General Staff agency in 1955. At about the 
same time, the civilian position of director of R&D was established at the Army 
assistant secretary level. This action reflected the influence of the Army Scientific 
Advisory Panel, a group of civilian scientists and industrialists. 

General reorganization of the Army in 1962 heavily impacted R&D alignment, and 
the Army Materiel Command (AMC) inherited the procurement and development 
functions for weapons and munitions. From the beginning, AMC encountered prob- 
lems in balancing its two basic missions: systems acquisition and readiness. In 
1966, the Commanding General, AMC appointed a Deputy for Research and 
Laboratories to exercise direct line authority over the nine AMC central laborato- 
ries and over the technical quality of research conducted in the laboratories of 
AMC's Major Subordinate Commands (MSCs). In 1969, AMC established two deputy 



The Ballistic Research Laboratory (BRL) was 
activated during World War I to  meet increased 
demands for firing tables and other ballistic 
data. By that time. practically all of the test and 
experimental work was conducted at Aberdeen 
Proving Ground, MD, which had been eswb- 
lished in 19 1 1 to  replace inadequate facilities 
and space at the Sandy Hook Proving Ground. 

Nl. 

Thanks to careful plannihg, BRL expanded in a 
rapid but orderly manner to  meet wartime 
demands, In 1843, the Ordnance Depament 
desipated BRL ia principl resmrch 
organization. 

In the postwar period. BRL pioneered develop- 
ment of high-speed computers and electronic 
devices, which greatly enhanced its ability to 
analyze weapons systems.This expanded scope 
was reflected in new construction, such as the 
wing that housed ENlAC (electronic numerical 
integrator and computer)--the Army's first 
computer. BRL served as home to the Army's 
first two supercomputers. Significantly, appmpri- 
ations after World War I1 continued at levels 
even higher than those reached in wartime 
budgets. 

During the Army reorganization in 1962, BRL 
was transferred into AMC and reported directly 
to Headquarters as a corporate laboratory. 
Over the next 20 years, BRL was attached to 
the Aberdeen Research & Development Center 
(AROC), and then later to  the Armaments R&D 
Center. But in 1984, BRL was reassigned directly 
to AMC headquarters, again G a corporate lab- 
oratory, One year later, it became part of L A 5  
COM. 

BRL formed the core of ARCS Weapons and 
Materials Research Directorate, with computer 
technology elements migrating to the 
Computational and Information Sciences 
Directorate and vulnerability analysis effom 
moving into the SurvivabilitylLethality Analysis 
Directorate. 

The establ ishment of t h e  U.S. Army Laboratory Command. .  . 

represented the Army 's recognition of the 

/ commanding generals, one for materiel acquisition and one 
1 for logistics support. 

1 AMARC (1973) to ERADCOM (1978- 1985) 
In 1973, the Secretary of the Army established the Army 

' Materiel Acquisition Review Committee (AMARC), an ad hoc 
I 

1 
group consisting primarily of civilians from outside the gov- 

I ernment with a charter to analyze the entire materiel acquisi- 
! tion process and to recommend improvements. The commit- 

tee noted the progress achieved over the previous ten years, 

1 but found a number of weaknesses in the scientific develop- 
ment and technology areas. 

To address some of these deficiencies, AMARC proposed to  
I 

1 separate the management of new weapons systems and 
I major product improvements from logistics management. In 

i implementing this organizational concept, AMC discontinued 1 its commodity commands and established parallel R&D and 
: readiness commands. 
I 

I AMC decided against establishing a Combat Support Center. 

I moving instead to study the formation of a Harry Diamond 
Development Center (HDDC), based on an enhanced Harry 

1 Diamond Lab (HDL). DA evaluation favored establishing 
1 HDDC under AMC. 

1 In 1977, the Deputy Secretary of Defense and the Secretary of 
i the Army announced a modified plan for the organization of 
i the Electronics Research and Development Command (ERAD- 1 COM) with headquarters to be collocated with HDL at 
I Adelphi, MD, and on January 3, 1978, ERADCOM was formally 
1 activated. Thus, for the first time, the Army had a single com- 

mand responsible for its combat electronics materiel. 

I ERADCOM to LABCOM 
i The conversion of ERADCOM to the U.S. Army Laboratory 

I Command (LABCOM) represented the Army's recognition of 
I the importance of research and development and its continu- 
1 al attempt to  properly balance materiel development with 



'mportance o f  research and deoeloprnent 

logistics. 
LABCOM was also the final realignment to  result from recon- 
sideration of AMARC recommendations. 

The following were incorporated into LABCOM: Ballistic 
Research Laboratory (BRL) and Human Engineering 
Laboratory (HEL), both at  Aberdeen Proving Ground, MD; 
Harry Diamond Laboratories (HDL), Adelphi, MD; Materials 
Technology Laboratory (MTL), Watertown, MA; Electronics 
Technology and Devices Laboratory (ETDL), Fort Monmouth, 
NJ; Vulnerability Assessment Laboratory (VAL) and 
Atmospheric Sciences Laboratory (ASL), both at  White Sands 
Missile Range, NM; and Army Research Office (ARO), 
Research Triangle Park, NC. 

LABCOM was activated in 1985 as  the newest AMC MSC, and 
its business was research, with a mission to put scientific 
findings to maximum use on the battlefield. While threat 
capabilities were constantly changing and increasing, and rev- 
olutionary scientific discoveries promised exciting new capa- 
bilities, these circumstances also meant that even the most 
advanced equipment might be obsolete a s  soon a s  it was 
fielded. The key was to  harness advanced technology to  the 
Army's advantage; however, translating the abstractions of 
the laboratory to the real world of weapons and equipment 
was a critical challenge. It required multiplying the impact 
and product of Army technology resources by pooling efforts 
and capabilities, piggybacking programs on the advances of 
others, and executing breakthroughs as  quickly as  possible. 

LABCOM managed the AMC corporate laboratories a s  well a s  
specific technology-related programs that cut across the 
MSCs and mission-area lines. In addition, the corporate labo- 
ratories provided independent technical advice and R&D 
assessments to  the Army. 

Managing AMC'S Technology Base 

The establishment of LABCOM brought together under one 
MSC the AMC research laboratories that generated technolo- 

The history of the Harry Diamond laboratories 
(HDL) dates back to 1940. Prompted by 
increasing warfare abroad, the National Defense 
Research Committee organized a gmup of sci- 
entists and engineers into the Ordnance 
Development Division of the National Bureau of 
Standards (NBS) to develop fuzes for non-rotat- 
ing (e-g., fin-stabilized) munitions such as bombs, 
rockets and mortar shells. Harry Diamond, a 
pioneer radio engineer, was given technical 
direction of the program, a position he held 
until his death in 1948. 

Proximity fuzes were first used in combat in 
January 1943, and the War Department later 
described the proximity fuze as "one of the out- 
standing scientific developments of World War II 
... second only to the atomic bomb" in military 
importance. 

In 1953, the Ordnance Development Division 
was transferred from NBS to  the Army as an 
R&D installation and named the Diamond 
Ordnance Fuze Laboratories (DOFL) in honor 
of the early leader. DOFL made significant con- 
tributions in areas such as printed circuiu, cast- 
ing resins, flow and temperature measurement, 
reserve power supplies, high-resolution radar, air 
navigation systems and nuclear effects studies. 

During the 1962 Army reorganization. DOFL 
was assigned directly to  AMC as a corporate 
laboratory, and the next year, its name was offi- 
cially changed to  Harry Diamond Laboratories 
to reflect broadened,Army-wide missions. AMC 
later studied the possibility of establishing a 
Harry Diamond Development Center that 
would consolidate and integrate work in radar, 
lasers, elm-optics, signal intelligence and elec- 
tronic warfare. Instead,AMC established ERAD- 
COM as the overall command w i h  HDL as a 
major element. HDL later became a critical 
component of LABCOM. At the time, HDL 
occupied a modern resea~h facility located on 
137 acres in Adelphi, MD. It also controlled two 
other sites: a test range at Blossom Point, MD, 
and research facilities at Woodbridge,VA. 



gies and advanced concepts to carry the Army into the future. The corporate labo- 
ratories' programs were reoriented to concentrate on critical technology barriers 
related to the development and production of new Army systems, especially high- 
risklhigh-payoff concepts that could significantly increase battlefield effectiveness. 
The strategic long-range plan called for identifying areas of common interest and 
focusing efforts on multi-laboratory, cooperative ventures. Four specific initiatives 
included smart weapons, enhancements to autonomous machines, active protec- 
tion and vulnerability expert systems. 

The technology integration effort, designed to leverage technologies being worked 
on elsewhere, allowed the Army to capitalize on advances made by others and, per- 
haps more importantly, to focus its resources on Army-critical issues while satisfy- 
ing many of its needs from more generic R&D conducted in other sectors. Through 
the integration efforts, LABCOM forged close ties with private industry, other gov- 
ernment agencies, academia and technology programs of foreign allies. 

Technology developed by LABCOM's laboratories soon paid off in battle. In 1990, 
America went to war against Iraq, marking the Nation's first major combat involve- 
ment since the end of the Vietnam War. U.S. ground forces deployed to Saudi Arabia 
were equipped with systems that AMC R&D activities developed. For the first time 
in modern warfare, technological battlefield capabilities took center stage, leading 
American soldiers into battle and paving the way to a sweeping victory in the 
deserts of the Middle East. 



Opposite: FALCon technology has marked a significant break- 
through in bottlefield ttunslotion operations. 

Applied research is findomental to AWs mission.As seen in the 
Tbnium display below,ARL scientists often work with materials at 
the smallest levels. 





I 
1991 1993-1 998 1998-200 1 200 1 & beyond 

A t approximately 4p.m. on February 26, 1991, at  the line referred to  a s  "73 
Easting" by the U.S. military, a group of coalition tanks advanced on well-for- 
tified Iraqi positions in southeast Iraq. The Desert Storm ground war had 

begun only two days earlier, on February 24, and coalition forces were hoping to  
push the Iraqis back and retake northern Kuwait. While resistance to  the first 48 
hours of U.S. ground attacks had been light, the looming battle at  73 Easting prom- 
ised to  be much different. Iraqi forces were attempting to  stop an advance on 
Basrah, a port city just north of Kuwait and 50 miles inland from the Persian Gulf. 
Capturing the city would have effectively cut off most of the Iraqi forces from 
Kuwait. The Iraqis knew this and defended heavily all routes to  the port, utilizing a 
large force of tanks and trucks. In addition to  superior numbers, the Iraqi forces had 
a multitude of other factors on their side: they were defending familiar territory; 
their positions were well-entrenched and in some cases well-hidden by a sandstorm, 
and they were fighting coalition forces with little combat experience and no air 
cover. In contrast, many of the Iraqi commanders had been battle hardened by the 
recently concluded Iran-Iraq war. Essentially, the Iraqi forces had significant advan- 
tages in numbers, experience, and terrain factors. 

Yet only 23 minutes into the battle, the Iraqi tank fleet had been utterly decimated. 
Twenty-eight Iraqi tanks, 16 personnel carriers, and 39 trucks were either completely 
destroyed or immobilized. As the once-proud Iraqi forces lay in smoking ruins on the 
windswept desert plain, coalition forces rounded up over 1300 prisoners. Even more 
surprising, not a single U.S. serviceman was killed in the battle. The lopsided victory 
was best described by an Iraqi commander, who noted that "On 17 January, I started 
with 39 tanks. After 38 days of aerial attacks, I had 32, but in less than 20 minutes 
with the MlA1, I had zero."* 

How had the coalition forces overcome numerous disadvantages to  turn the battle 
of 73 Easting into a complete rout? Certainly, the command decisions of Army lead- 
ership, along with the training and courage of American troops, were significant fac- 
tors in the battle. But just a s  important was the technological superiority of the M-1, 
or "Abrams" tank that American soldiers brought into battle with them. LABCOM's 
laboratories had been significantly involved in fitting the tank, which featured MlAl 

* Iraqi Battalion Commander, captured 16 April 1991. Relayed by Col. Don Holder, Commander. 2nd ACR. 



Throughout history, advances in technology 
have supported US. soldiers in battle. 

armor resistant to some Iraqi shells, the M829A2 armor-penetrat- 
ing round, and significantly better weapons range. Quite simply, 
the U S .  tanks could see their enemy better, fire first in virtually 
every engagement, reload before many of the Iraqi gunners 
could get them in range, and withstand enemy fire at an unusual 

level. The U S .  could overwhelmingly outrun them and outgun them. 

There could be no doubt that the United States' technological superiority 
had contributed significantly to overcoming the disadvantageous factors in 
the battle. While it was certainly not the first time in modern warfare that the 
more technologically advanced force defeated its opponent, it was significant 
given the strength of both the Iraqi position and numbers. Throughout histo- 
ry, advances in technology had supported U S .  soldiers in battle. Now, it 
could be argued that technology had vaulted itself onto center stage. With 
the Cold War at an end, the United States proved in the Persian Gulf War that 
it was significantly more advanced than the rest of the world in development 
and deployment of military technology. The decimation of the Iraqi tank 
forces at 73 Easting had decisively demonstrated that. 

While the war was being waged and the technological superiority of the 
United States was being shown on the television screens of the entire world, 
steps had already been taken to ensure that future research efforts would 
preserve the U S .  military's position at the forefront of military technological 
development. The ability of the United States to repel Saddam Hussein's 
forces and restore peace to Kuwait with minimal casualties would not have 
been possible without the significant efforts of Army scientists and engineers 
over the previous decade. It was in this atmosphere, in which the importance 
of technology was growing almost daily, that the Army Research Laboratory 
was formed. Its mission was to conduct basic and exploratory research and 
analysis to ensure supremacy in future land warfare, in turn protecting both 
America and its soldiers. 

The impetus for ARL grew out of efforts to realign the Army's technology 
base following the collapse of communism in Eastern Europe and the end of 
the Cold War. In December 1988, the Defense Secretary's Commission on 
Base Realignment and Closure (BRAC) identified the Army Material 
Technology Laboratory (MTL) at Watertown, MA for closure, primarily on 
grounds that MTL facilities needed major renovation or replacement. 
.Missions and functions would be dispersed and the property sold, with 



transfers of functions scheduled for 1994 and all realignments 
completed by September 30, 1995. However, there were still 
questions as to where LABCOM fit into these realignment 
efforts. 

LABCOM had been established as AMC's Major Subordinate 
Command (MSC), responsible for research laboratories that 

produced generic tech- 
nologies and advanced 
concepts to carry the 
Army into the future. It 
was also recognized as the 
Corporate Technology 

1 Center that provided tech- - .  . --. L 
nical support and services 

to other MSCs and program executive officers. The LABCOM 
commander served as AMC's Deputy Chief of Staff for 
Technology Planning and Management (DCSTPM), coordinat- 
ing approximately 75 percent of the Army's technology base 
effort. Combat systems supported by LABCOM included the 
Abrams (MlAl) main battle tank, the Bradley fighting vehicle, 
the PATRIOT point-defense antimissile system, the Multiple 
Launch Rocket System (MLRS), the High-Mobility, 
Multipurpose Wheeled Vehicle (HMMWV), which had been 
deployed in Panama, and the Army Tactical Missile System 
(ATACMS). 

On January 6,1989, the LABCOM Commander signed a memo- 
randum stating the command's dedication to "accomplish 
materials research, development, and consultation require- 
ments." In the ensuing months, LABCOM developed a propos- 
al to move the core of materials research to one location as 
part of a concept for integrating the corporate laboratories 
into a single physical entity, which would eventally become 
the Army Research Laboratory (ARL). 

In the same month that President Bush was inaugurated, the 
Defense Management Review (DMR) was launched, resulting 
in formation of the Army Management Review Task Force as a 

In its first year,ARL reestablished the concept of 
a Fellows Program that consisted of senior sci- 
entists who served as honorary advisors to the 
Director. Implemented for IABCOM in 1989, 
the LABCOM Fdkwship was a semi-independ- 
ent and paelteleaed consultative aid w the 
Commandtr.With the establishment of ARL Mr. 
Richard Vitali, Acting Director, requested the 
continuance of the concept and accordingly the 
charter of the LABCOM Fellows was a&pted 
to the new organization.The fellowship repre- 
sented the hEgest accomplishments in science, 
mathematics, engineering, and analysis. A revised 
charter in 1996 stressed that the purpnse of 
the ARL Fellows was to errcourage the promo- 
tion of technical careers and scientific achieve- 
ment within ARL by serving as an advocate for 
the ARL staff, promoting collaborative research 
and technical interchange with other scientists, 
encouraging prticipation in meetings, symposia 
and publimions outside DoQand advocating 
stability of the bask and applied research, tech- 
nology devebpment, analysis, and tethnolagy 
base pmgrarns.The charter further emphasized 
that  fellows serve as advisors and consultants 
on technical matters for the ARL Director and 
the Executives of the ARL Directorates.The 
Fellows program provides a forum for interac- 
don among irs members to exchange ideas, plan 
activities and perpetuate the organization, and 
promotes ARL values of excellence, cornmit- 
ment, integrity* and the best value of the Army. 



The MamrialsTechnology Laboratory (MTL) 
traces its roots back to  1800 with the establish- 
ment of an arsenal at  Charlestown, MA on 
Boston harbor. Following the War of 18 1 2. the 
Ordnance Department purchased land at 
Watertown. constructed buildings and trans- 
ferred activities to Watertown. MA from 
Charlestown. 

At itS peak, the Watertown Arsenal encom- 
passed an area of approximately 130 acres and 
employed 10.000 people. Originally established 
as a depot for the storage? cleaning, repair and 
issue of small m s  and ordnance supplies, its 
activities were expanded to  include the manu- 
facture of field, siege and seacoast guns and car- 
riages. In 188 1, it assumed functions as a test 
and experiment unit. 

Following extensive activity during World War I, 
the Arsenal made several important technical 
contributions, Including developments in radiog- 
raphy, qualitative spectrum analysis and molyb- 
denum high-speed tool steel.The Arsenal won 
five Army-Navy "E" awards for excellence in 
equipment production during World War II. 

Until the Army reorganization of 1 962, 
Watertown was part of the Ordnance 
Department Then, the Army assigned responsi- 
bility for conventional weapons work to the 
Rock Island Arsenal, and Watertown took a sup- 
porting role in the Missile CommandAt the 
same time, combining the Ordnance Materials 
Research Office and the Watertown Arsenal 
Labaramries created the Army Materials 
Resea~h kency (AMRA). 

In 1964, the Secretary of Defense announced 
that Watertown Arsenal would be declared 
excess and phased out, while AMRA w u l d  con- 
tinue in place. Following considerable public dis- 
cussion. the Arsenal was closed in 1967. AMC 
consolidated structural materials R&D at AMRA 
and renamed it the Army Materials and 
Mechanics Research Center (AMMRC). In tran- 
sition to LABCOM in 1985,AMMRC was 
renamed the Materials Technology Laboratory 
to highlight its intensified focus on the develop- 
ment of new materials. 

The leadership of the early orgnizatior; 

component of the DMR. The initial concept of a centralized 
Army "corporate" laboratory arose from this task force, and in 
the fall of 1989, the "Lab 21" study was chartered to flesh out 
this idea. The ARL or Combat Materiel Research Laboratory 
(CMRL) construction continued to evolve during FY 90, emerg- 
ing as the centerpiece of the Army's LAB 21 effort. 
Implementation of the LAB 21 scheme was delayed, however, 
while another laboratory consolidation study was performed. 
Congress initiated another round of base closure and realign- 
ment activity, passing legislation (P.L. 101-510) establishing 
BRAC 91, with members nominated in January 1991. Then, in 
April 1991, the Department of Defense @OD) published its rec- 
ommendations to BRAC 91, adopting the consolidation p r o  
posal to realign Army laboratories and create the Army 
Research Laboratory. Under the scheme, the labs would be 
consolidated, primarily at Adelphi and Aberdeen Proving 
Ground, MD, and the BRAC 88 mandate would be revised, with 
most of MTL relocated to APG. 

In its report to the President, released in July 1991, BRAC 91 
endorsed the plan for laboratory restructuring but directed 
DoD to delay implementation until January 1992 in order to 
consider guidance from the Federal Advisory Commission on 
Consolidation and Conversion of Defense Research and 
Development Laboratories. Also established under Public Law 
101-510, the Federal Advisory Commission was charged with 
recommending various means to improve the operation of the 
laboratories, including (1) conversion of some or all to gov- 
ernment-owned, contractor-operated (GOCO) labs, (2) mission 
and/or function modification at some or all, and (3) consolida- 
tion or closure of some or all. The Advisory Commission's 
September 1991 report stated that "fixing the problem organi- 
cally is preferable" to converting to GOCO organizations and 
suggested a number of steps to  improve the effectiveness of 
the labs as "dedicated organizations free from commercial 
pressure." In the main, the Advisory Commission also accept- 
ed the creation of ARL, stating that proposed consolidations 
and realignments should begin in January 1992. 



uas also in a transitional phase at this time. 

The leadership of the early organization was also in a transi- 
tional phase at this time. MG Jerry C. Harrison, the command- 
er of Laboratory Command had coordinated with AMC 
Headquarters and the Corps of Engineers to formulate plans 
and schedules to initiate construction projects to meet the 
requirements established by BRAC 91. After his transfer to 
serve as Army's Chief of Legislative Liaison, Harrison was suc- 
ceeded in January 1992 by MG Patrick J. Kelly, who facilitated 
coordination of Harrison's plans. However, Kelly retired later 
that year, and on October 1, 1992, Richard Vitali, the former 
LABCOM Director of Corporate Laboratories @CL) became 
the Acting Director of ARL. 

The change of leadership was significant because it represent- 
ed an exception to the implementation plan submitted to the 
Assistant Secretary of the Army for Research, Development 
and Acquisition ASAOA) in a March 13, 1992 memorandum 
and approved in the December 1992 lmplementation Plan. The 
plan authorized a major general as commander, along with a 
civilian technical director, with the commander reporting 
directly to the AMC Commanding General. However, the 
Assistant Secretary stipulated that the new organization 
would have a civilian director as  its Chief Executive and a gen- 
eral officer as Deputy. The rationale was that a research organ- 
ization should be led by a civilian scientist/engineer with sig- 
nificant credentials in the technical community and who 
would not be subject to mandatory rotation every two to 
three years. The revised lmplementation Plan of July 1992 p r e  
vided the impetus for the selection of a chief executive no 
later than 1 October 1992. Therefore, ARL was activated with a 
civilian Acting Director and a colonel as Deputy. Orders estab- 
lishing ARL (provisional), dated July 23, 1992, provided opera- 
tional control of LABCOM, the seven corporate laboratories, 
the LABCOM Installation Support Activity, and the Special 
Technology Offices, as  well as  those elements transferring into 
the new laboratory. The activation ceremony was held at 
Adelphi on October 2, and permanent orders organizing ARL 
were published on November 2, 1992. 

The Human Engineering Laboratory (HE) was 
formed in 1952 to assist in the develapment of 
engineering designs. A 1 953 Ordnance Corps 
Bulletin set the path, emphasizing that Army 
equipment had to be designed so human opra- 
tors could use it in the best possible -Thus, 
the capabilities and limitations of humans had to 
be given thorough considemion in the dwelop- 
ment of new mhnolagies. Early studies included 
observations d operations under amic and 
desert conditions, a study of padding for protec- 
tion in military vehicles and comparisons of 
positions far drking tanks. 

During the 1962 Army reorganization, HEL 
became a corpwate laboratory within AMC. 
charged with coordinating all the h u m  factors 
engineering initiatives within the Army. In 1968. 
HEL, BRL and other elemerrts were combined 
into the Aberdeen Research and ~evalo~ment 
Center (provisional). officially established in 
1 969. In the new organimtion, each laboratory 
retained its own civilian technical dimmr bur 
shared a common commanding officer.The 
Center was short-lived, lasing only until I 972, 

I when HEL again became a corporate laboratory 
reporting to AMC Headquarten. 

In 1975, AMC agreed to a pilot project to con- 
vert the human engineering groups at its MSG 
into WEL detachments. HEL also gained field 
office represeneo'ws at the major centers and 
schools of the U.S.Army Training and Doctrine 
Command. In 1982, HEL moved into a new 
building at Aberdeen, and it became part of 
LABCOM in 1985. 

H U  helped AMC and its system design contrac- 
tors develop materiel that was simple w oper- 
ate and maintain, It also implemented the MAN- 
PRINT initiative to ensure that manpower, per- 
sonnel, training, safety, medical and human fac- 
tors engineering issues were given high priority 
throughout the acquisition, devetopment, testing 
and fielding processes. 

When ARL was activated HE1 became the 
Human Research and Engineering Directorate. 



The challenge was to continue these efforts 
while establishing ARL's structure and facilities. 

With activation in October 1992, Vitali, formerly the LABCOM Director of Corporate 
Laboratories, officially became the Acting Director of ARL, a position he held for 
almost one year. His mission was twofold: facilitate the organizational transition 
from LABCOM into ARL, and provide an atmosphere where scientists could continue 
their research efforts from LABCOM. Vitali had a wealth of experience in the old 
organization, serving as its Technical Director and eventually being named its 
Director of Corporate Laboratories in 1988. He had also been instrumental in form- 
ing LABCOM'S organizational structure, and came to ARL with the reputation of 
being able to nurture his subordinates by preparing them for their eventual levels of 
responsibility. Essentially, Vitali's strength was his reputation as a mentor who could 
provide the organization and guidance to employees being groomed for future lead- 
ership positions. These skills served Vitali and ARL well, as  his tenure was a success 
in several areas. 

First, Vitali helped facilitate an atmosphere where former LABCOM and other scien- 
tists could transition their work into ARCS new mission. The new organization 
encompassed research in a variety of fields, including information distribution and 
management technologies; human cognitive and sensory capabilities; simulation and 
virtual reality; nanotechnology; composites and ceramics; ultra wide-band radar; 
and lightweight, rechargeable power sources. The challenge was to continue these 
efforts while establishing ARL's structure and facilities. Among these were new facili- 
ties constructed at Adelphi, which would accommodate personnel relocating from 
Fort Belvoir, Fort Monmouth, and White Sands Missile Range. In addition, new facili- 
ties at APG would house the Materials Directorate, moving from Watertown, MA, as a 
result of recommendations by BRAC 91. 

Vitali was also responsible for overseeing the formation of ARL's Board of Directors. 
The Board of Directors' mission was to enable contacts between ARL and its princi- 
pal customers - the Research, Development, and Engineering Centers (RDECs) and 
AMC command, to ensure that the laboratory was fulfilling the needs requested of it. 
After its assembly, the Board met twice in its first year to review the research and 
exploratory developmental programs in light of Army needs. 

The Technical Advisory Board, consisting of research leaders primarily from the 
National Academies of Science and Engineering, also met for the first time in 1993 
and began providing critical evaluations of research programs. The TAB provided an 
invaluable service to ARL by giving expert, independent and unbiased reviews of the 
quality of the ARL technical program, something which is very difficult for a govern- 
ment laboratory to obtain, but which is absolutely essential for a lab if it is to 



achieve world class status. The TAB also suggested improvements in the operation 
of the lab, assisted in evolving long-term research goals, and monitored technologi- 
cal advances and how they impacted ARL research. 

The consolidation of LABCOM and other organizations into ARL also required a 
restructuring of personnel. Total consolidation was to save the Department of 
Defense $55 million per year, commencing in 1993. The number of civilians 
employed by the lab dropped from 3909 to 3576 during the year, due largely to the 
number of people participating in the Voluntary Early Retirement Authority (VERA) 
and Voluntary Separation Incentive Pay (VSIP) programs offered. A total of 225 p e e  
ple accepted either the early retirement or the separation incentives. But reducing 
personnel was not the only initiative taken during this first year; it was recognized 
that recruitment and retention of personnel with necessary skills and knowledge 
was critical to  maintaining ARL's viability. In conjunction with AMC and various state 
and local agencies, ARL initiated a number of actions intended to reduce the effects 
of these relocations. Consequently, the ARL Human Resource Management Division 
established Transition Assistance Offices (TAOs) at Adelphi, MD, White Sands 
Missile Range, NM, Woodbridge, VA, and Watertown, MD. The TAOs were to provide 
placement and referral opportunities for employees affected by transfer of function, 
downsizing, reduction in force, or similar action during the transition phase. 

In the midst of all of these changes, ARL scientists and engineers were responsible for 
performing the research that would lead to the development of those revolutionary 
technologies for which ARL is known today. Indeed, the list of projects tackled by ARL 
in its first year was a litany of exciting opportunities. Among these were the Warrior's 
Edge program. It involved virtual reality simulation to identify the technology needs of 
individual soldiers, and "Owning the Weather," a coordination of previouslyexisting 
information systems to give friendly forces the ability to see, maneuver, fight, and win 
in all types of weather by providing commanders and staff with advance knowledge of 
battlefield environmental conditions and likely effects, enabling them to select the 
most appropriate mix of sensors, weapons systems, and tactics. 

However, the most significant of ARL's projects in its first year was to upgrade the 
effectiveness of U.S. fighting forces. Because of friendly-fire fatalities ("fratricide") in 
the recently-concluded Persian Gulf War, the then-Sensors, Signatures, Signal and 
Information Processing Directorate continued work on the Battlefield Combat 
Identification System, which would better identify both enemy targets and allies in 
the field. Also, the need to detect targets employing camouflage, concealment, and 
other deceptive techniques spurred research in ultra-wide band foliage penetrating 



In July 1 992, ARL enremd Into a CRDA with 
Composite Development Corporation (CDC) 
to investigate a new way to make constant- 
cross-seaion, high-performance composite 
producu.The results for h e  Army were low- 
cost launch tubes, helicopter rotor blades. 
bridge decks, and tent poles and, for the com- 
mercial sector, a top-of-the-line hockey sdck. 

CDC believed that composite materials could 
help make a superior hockey sdck. but it did not 
have the capital to purchase an assembly line to 
test the idea. Under the CRDA, CDC used 
ARL's scate-of-the art equipment to  test a man- 
ufacturing technique called pulmsion, where 
fibers spooled at one end are continuously 
drawn thmugh a resin bath and then pulled into 
a heated die, where t h y  are cured.The cured 
material was than pulled from the die in a con- 
tinuous form for cutting rn any desired length: 
here, the four feet necessary for a hockey stick. 
This cooperative approach allowed CDC to use 
Army expertise and equipment to manufacture 
and test a new world-class product without a 
large investment in equipment, while the Army 
furthered i t s  research in pulwusion manufactur- 
ing techniques. 

Armed with the new hockey stick that CDC 
and ARL developed and produced only nine 
months after signing the CRDA, CDC signed a 
multiyear contract with a major hockey stick 
manufacturer. 

ARLk first year also saw imrnediatt 

synthetic-aperture radar (FOPEN SAR). Battlefield information 
was also enhanced by the development of a prototype sys- 
tem, the Commander's Visualization Research Tool, which 
promised to  give commanders real-time formatted battle infor- 
mation. Finally, the lethality of U.S. armaments was advanced 
through the development of the High-Capacity Artillery 
Projectile (HICAP), which represented a major milestone 
toward the goal of substituting composites for steel in future 
shells, thus permitting the weight savings to be allocated to 
greater payload or longer range. 

While developing technology was the most significant part of 
ARCS mandate, its first year also saw immediate returns on the 
organization's work. The Clinton administration had commit- 
ted U.S. forces to peacekeeping and humanitarian operations 
throughout the world, and AMC technologists were providing 
rapid technology support to US. troops in Southwest Asia, 
Somalia, and Macedonia. Among these technologies were 
infrared lights, thermal tape, and Kevlar blankets, all of which 
were vital in fitting and protecting American soldiers abroad. 

One of the most important of ARCS first year initiatives was 
the establishment of cooperative programs with various aca- 
demic, industrial, and international institutions, most of which 
are still in place today. ARL fostered relationships in acade- 
mia, including the Massachusetts Institute of Technology 
(MIT), University of Delaware, University of Maryland, 
University of Massachusetts, New Mexico State University, 
University of Texas El Paso, and the University of Arizona. 
Further, it expanded partnerships through the Small Business 
Innovative Research Program (SBIR) and pursued stronger 
ties with historically black and minority institutions 
(HBCU/Mls). Educational Partner Agreements were signed 
with Southern University, Hampton University (July 1993), and 
University of Texas at El Paso (November 1993). In addition, in 
April 1993, ARL signed a memorandum of agreement with the 
U.S. Military Academy to establish an ARL-sponsored 
Mathematical Sciences Center of Excellence at the Academy. 



returns on the organization 's work. 

Furthermore, the AMC tech base community conducted an 
active program in pursuit of cooperative projects with several 
of our foreign allies. Much of the international program was 
accomplished through working groups and reciprocal visits, in 
coordination with the AMC Office for International 
Cooperative Programs. ARES bilateral program centered on 
three senior-level working groups in Israel, France and 
Germany, with reciprocal meetings conducted with Japan and 
Korea. In late September and early October of 1992, AMC tech- 
nologists hosted the third visit of the Japanese Armament 
Study Team. In 1993, an international robotics investment 
strategy was coordinated, and a technology assessment of 
electric power sources began. An Engineers and Scientists 
Exchange Program was initiated, with seven ARL scientists 
spending 60-90 days in labs in either France, Germany, or  the 
United Kingdom. Under the Nunn Program, the lab proposed a 
project on lithium batteries with France and another on 
machine translation with Japan. The U.S.-Israeli Technology 
Working Group completed four technology assessments, in 
ballistics, human research, acoustics, and robotics. 

ARL had accomplished much in its first year of operations. 
The foundation of what would eventually be five directorates 
had been established; employees had moved into existing 
facilities and plans for future facilities were being implement- 
ed; research projects from LABCOM had been integrated into 
the organization; and partnerships with extragovernmental 
entities were formed. However, much had to be done that 
could not possibly be accomplished in the scope of one year. 
Now that the various pieces were in place, the need to coordi- 
nate more effectively between them remained. And while tech- 
nology continued to be developed by the new organization, 
long-range plans for basic research had to be formulated. 
Finally, ARL had to adjust to the ever-changing demands of the 
modern battlefield. All of these goals and more would be 
addressed by ARL's first Director, John Lyons. 

Heraldic Description: A gold-color metal and 
enamel devke one and one-eighth inches in 
height werall, consisting of a blue disc bearing a 
white triangle issuing from the top, one point to 
the base with indented sides; .the disc encided 
by a gold band with "Technology to Win" in 
black lecters Inscribed in the base; overall a t  the 
top a gold pyramid in perspective, emking from 
its p i n t  a white starburst of eight rays. 

Symbolh: The white wedge or triangle device, 
adapted from the Army Material Command 
(AMC) shoulder sleeve insignia. lndkates chat 
the organization is an AMC major subordinate 
commd.The pyramid represents basic science 
and mathematics and refers to the technology 
involved in mission accomplishmentThe blocks 
of rhe pymmld denote the major elements of 
the command and their functions as part of and 
supporting the whaJe,and the two faces or 
aspects suggest the execution of both laborato- 
ry and headquarters functions.The starbum 
suggests knowledge and light Gold connates 
value and excellence, and rhe band circling the 
whole suggests central conud,as well as unity 
and strength of purpose, 
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1 998-2OtI 1 200 1 & beyond 

A s the presidential election of 1992 approached, it was clear that the world 
had changed. The Cold War was over. America awoke from its almost 50- 
year arms race with the Soviet Union and began addressing problems at 

home. Realization set in that a federal government that had grown in every adminis- 
tration since President Kennedy's had not completely addressed the needs of 
American citizens. Suddenly, Americans wanted not more government, but less; 
more efficient agencies, not more bureaucracy. While politicians from both parties 
had expressed these sentiments for several years, the issue became one of the cen- 
tral themes of Bill Clinton's presidential campaign in 1992. In that year, he 
remarked: 

We can no longer afford to pay more for - and get less from our government. The 
answer for every problem cannot always be another program or more money. It is 
time to radically change the way government operates - to shift from topdown 
bureaucracy to entrepreneurial government that empowers citizens and communities 
to change our country from the bottom up. We must reward the people and ideas that 
work and get rid of those that don't. 

"Reinventing government," or the Clinton administration's plan to  consolidate the 
federal workplace and make it more efficient and effective, would affect the entire 
Department of Defense. With the threat of the Soviet Union gone, and the United 
States standing as the lone superpower after the Persian Gulf war, the military 
budget became one of the first items discussed under plans to reshape the federal 
government. As these directives were being implemented, Dr. John Lyons assumed 
the helm as ARL Director. The years of his tenure would involve accommodating 
the consolidation initiatives while continuing to build ARCS organizational structure 
and heightening its reputation. It was at times a delicate balance to maintain. 

Dr. John Lyons, who had formerly served as  Director of the National Institute of 
Standards and Technology (NIST), became ARL Director on September 14, 1993. A 
former chemist, Lyons had worked his way up in the National Bureau of Standards, 
serving as director of its National Engineering Laboratory for 13 years. After NBS 
transitioned into the National Institute of Standards and Technology, Lyons served 



The Electronics Technology and Devices 
Laboratory (ETDL) traces its origins to the 
Signal Corps Laboratories at  Fort Monmouth, 
Plj. During the 1920s, Fort Monmouth emerged 
as the Army's center for communicatlons train- 
ing and research. 

In the 1950% the Electronics Components 
Research Laboratory, as ETDL was then known, 
moved into expanded facilities at the new 
Hexagon Building in the Camp Wood Area.With 
emergence of the semiconductor industry set- 
ting the stage for major displacement of conven- 
dond tubes and electronic devices by transis- 
tors and miniature parts, the laboratory estab- 
lished a new Solid State Division to  support the 
solid circuit or integrated circuit concepts. 

With the Army reorgan'nau'on of 1962, the 
renamed lJ.S.Army Electronics Research and 
Development Laboratory joined AMC as an de- 
ment of ECOM. In a 1965 restructuring, ECOM 
organized seven separate R&D activities along 
functianal lines, among them the Etecmnic 
Components Laboratory and the Institute for 
Exploratory Research. In 1971, these two artivi- 
des were consolidated to form ETDL In 1978. 
ETOL was placed in ERADCOM, subsequently 
becoming part of LABCOM in 1985. 

For LABCOM, ETDL advanced the technology 
base in electronic devices and materials, It man- 
aged the Army program in k r y  High Speed 
Integrated Circuits (VHSIC), with the primary 
objective of accelerating the Inuoductbn of 
advanced integrated circuit technology intu 
weapons systems. FTDL atso operated and man- 
aged the Army's new Pulse Power Center at 
Fort Monmouth that provided the defense 
establishment with expanded capabltity for 
development, test and evaluation of high ener- 
gylhigh power components, which were impor- 
mnt elements in the Strategic Defense Initiative. 

With the realignment into ARL ETDL provided 
most of the Electronics and Power Sources 
Directorate. In 1995, the major portion became 
the Physical Sciences D1reaomt.e (PSD), slated 
to move into new fildirJes at Adelphi. In 1996, 
most of PSD migrated into the Sensors and 
Electron Devices Directorate. 
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as director of the entire organization. Lyons was also well- 
known as a scholar, having published four books and over 
sixty papers. Lyons had also been a member of the Federal 
Advisory Commission on Consolidation and Conversion of 
Defense Research and Development Laboratories that had 
laid out the original parameters for creating an ARL so  he was 
well familiar with the vision of the organization. 

Lyons quickly established a reputation as a leader who want- 
ed to understand how the various components of ARL 
worked. After reviewing some of the technology ARL and 
LABCOM had already produced (he even went s o  far a s  to 
testdrive the Abrams tank and test its cannon at the 
Aberdeen site), Lyons visited several of the directorates and 
became convinced that the laboratories were confronted with 
several serious difficulties in their operating environments 
that threatened their ability to perform. Moving swiftly to  
adapt suggestions a s  well a s  opportunities provided by 
President Clinton's administrative campaign to reinvent gov- 
ernment, Lyons requested assistance from AMC in securing 
program reforms that included a modified and flexible per- 
sonnel system, a consolidated funding authority, further 
emphasis on basic research, and opening the laboratories up 
to facilitate increased numbers of staff exchanges. Among the 
management innovations that Lyons undertook was to 
become a National Reinvention Laboratory under the 
National Partnership for Reinventing Government under 
which ARL won four Hammer Awards. Lyons also volunteered 
ARL to  be a pilot project under the Government Performance 
and Results Act of 1993 (P.L. 103-62), the only pilot of more 
than eighty across the government to represent the R&D sec- 
tor. Under this program ARL developed new and innovative 
approaches to strategic planning and performance evaluation 
as  applied to  basic research. These techniques still provide a 
benchmark for both public and private technology organiza- 



tions t o  this day. 

However, another study of DoD management provided the 
impetus to consider some radical new constructs. In 
December 1993, the Under Secretary of Defense chartered a 
Task Force on Defense Laboratory Management that was 
chaired by GEN Paul F. Gorman in the spring of 1994. A new 
proposal emerged that addressed digital communication 
issues and placed ARL construction programs back in 
motion. This significant shift in ARL's mission during Lyons' 
tenure resulted from both the drive t o  consolidate the federal 
government and the Army Chief of Staff's aim to  "digitize the 
battlefield." As Army strategists and technologists 
approached the 21st Century, they realized a revolution in 
warfare was coming. The late twentieth century explosion in 
the information sciences and the ever-increasing speed and 
ease in which information could be gathered and distributed 
had poised information technology to  become a paramount 
weapon on the future battlefield. Success there, however, 
depended on the Army's ability t o  apply existing and emerg- 
ing information technologies to  provide commanders with 
complete, accurate and detailed information about battlefield 
events a s  they happened. As GEN Gordon Sullivan, the Army 
Chief of Staff from 1991-1995 remarked, "winning the informa- 
tion battle is the key t o  decisive victory." 

Operations Just Cause and Desert Storm had provided a 
glimpse of the future battlefield. America's military was able 
to successfully conduct swift, simultaneous and synchronized 
attacks on numerous objectives at  night, using forces sta- 
tioned in various locations. This application of modern tech- 
nologies, organization and doctrine achieved decisive results 
that would not have been possible just a few years earlier. 
However, the demand for research never plateaus, and mili- 
tary leaders knew that the technology and tactics that won in 
Panama and Desert Storm wouldn't win the battles of the 
twenty-first century. Consequently, GEN Sullivan made win- 
ning the information battle the first objective of the Army's 

Located in the historicTularosa Basin at White 
Sands Missile Range ('WSMR). NM, the 
Atmospheric Sciences Laboratory (ASL) was 
founded shortly before World War II. 
Meteorological research for the Army began in 
the 1920s when scientists began evaluating 
meteorological phenomena related KI artillery 
By 1 9% there were: IS meteorological support 
teams located at test facilities throughout the 
US. Headquarters was located at Fort 
Huachuca,AZ under the direction of the Signal 
Corps at Fort Monmourh, NJ. 

During the 1962 Arrny reorganization. responsi- 
bility for meteomlogical R&D was assigned to  
the U.S.Arrny Electronics Command (ECOM), 
which later established ASL at Fort Monmouth. 
In June 1969, as a step to correct some of the 
geographical and organizational fragmentation, 
ECOM consdidated meteorological efforts by 
transferring the headquarters of ASL from Fort 
Monrnouth ta WSMR Shortly thereafter, the 
meteorological activities at Fort tluachuca were 
also moved to WSMR. 

With the establishment of LABCOM in 1985, 
ASL became part of the new command, but only 
after some discussion.AMC considered abollsh- 
ing ASL but conduded that ASL's work was valu- 
able to the Army. ASL gave the Army expertise 
in the atmospheric sciences. providing develop- 
ers with assessments of atmospheric effects on 
proposed weapons and concepts. ASL also pro- 
vided atmospheric and meteorological technolo- 
gy, sensors and systems M support artillery, 
chemical, aviation, armor and intelligence activi- 
des. Linking these sanscrrs and syseems provided 
wearher intelligence for combat operations. 

When ARL was established in 1992,ASL transi- 
U d  into the Battlefield Environment 
Directorate (BED). In 1995, the BED 
Atmospheric Analysis and Assessment team 
moved to  the SurvivabilitylLechality Analysis 
Directorate (SlAD). expanding SlAD's threat- 
effects analysis missian. In 1996, the remaining 
bulk of BED was folded into the Computation 
and Information Science Technology 
Directorate, 



TheVLlnerability Assessment Laboratory (VAL) 
began in 195 1 as Field Station I of the Signal 
Corps Engineering Laboratory.After several 
name changes, Field Station I eventually became 
the Signal Missile Support Agency (SMSA). 

SMSA was a component of the Electronics 
Research and Development Activity. In the 1962 
Army reorganization, it became part of ECOM, 
conduaing research in missile electronic war- 
fare, missile vulner;rbiliey, missile surveillance and 
environmental sciences. It also coordinated the 
missile electronic countermeasures effort of the 
A v .  

In the mid- 1960s. the element was renamed the 
Missile Electronic Warfare Division and assigned 
to  the newly organized Electronic Warfare 
Laboratory (EWL).After another name change 
to the Missile Electronic WarfareTechnical Area, 
it became the Office of Missile Electronic 
Warfare (OMRN). ERADCOM was then estab- 
lished, with EWUOMEW as a major unit. 

In 1985, the Commander of ERADCOMILAS 
COM recommended including OMEW, which 
had been renamed the Vulnerability Assessment 
Laboratory (VAL), within the new command. 
VAL was tasked with providing independent 
assessments of the electronic warfare vulnera- 
bility ofArrny weapons and communications- 
electronics systems and recommending elec- 
tronlc countermeasures for reducing or &mi- 
nating those vulnerabititler The VAL mission 
mered air defense, dose combat and fire sup- 
port, communl~ations-electronics and advanced 
concepa.VAL was also charged with determin- 
ing the vulnerability of threat missile systems. 

VAL transitioned into the SurvivabilirylLerhality 
Analysis Directorate with the creation of ARL 

Opposite: ARL facilities in Langley, VA 

modernization strategy for Force XXI. The foundation for win- 
ning the information battle was successfully applying informa- 
tion technology throughout the battle space. 

ARL worked with the Training and Doctrine Command 
(TRADOC), the Communications-Electronics Command 
(CECOM), AMC's research, development and engineering cen- 
ters (RDECs) and other Army organizations to  meet GEN 
Sullivan's mandate to digitize the battlefield. As "the architect 
of the future," it was important for TRADOC to understand 
the emerging technologies that ARL and the RDECs were pur- 
suing. TRADOC would be able to anticipate the impact that 
the technology will have on doctrine and, at the same time, 
ensure that evolving operational concepts for the digitized 
battlefield were supported by ARCS research program. The 
foundation to this partnership was "Futures Concepting," a 
TRADOC-ARL initiative designed to  bring physical and mili- 
tary scientists together to  simultaneously develop future 
technology and doctrine, thereby eliminating any gap. In this 
way, when a technology is ready for battlefield application, so 
is the doctrine. 

However, closing the gap would not be easy; many challenges 
had to be overcome. Primary among them was the divide that 
had opened between commercial and military technology. 
New information technologies were being developed rapidly 
for commercial applications such as hand-held computers, 
cellular telephones, direct-broadcast television and wireless 
computing with new generations of devices emerging every 
few years priced for mass-market applications. The challenge 
was for the Army to provide a small, affordable, deployable 
system for on-the-move collaborative planning and situational 
awareness that was based on commercial technology and 
required little infrastructure. It also had to  be compatible 
with systems currently in the Army inventory, yet provide a 
way of eventually moving beyond those systems. 

Technical change has always led military doctrine. However, 
history has shown that an army that can apply evolving tech- 



nical capability to the battlefield gains a tremendous advantage. In these early 
years of ARL, the consensus was that information technology would drive the next 
revolution in military doctrine. On the digitized battlefield, the goal was for comput- 
ers to carry most of the routine load of the commander at all levels of command. In 
turn, the commander would have access to near perfect information on the battle- 
field and have a war gaming capability that, similar to a chess program, would 
enable him to evaluate in real time multiple courses of action to support his selec- 
tion of the best one. Major advances in information technology had been made in 
the commercial world, but that technology was developed to operate in relatively 
benign conditions. The hostile environment of the battlefield was much different. 
Combat information must be gathered by automated sensors providing near perfect 
sensing of battlefield events. That information must be moved through and around 
a hostile battlefield environment under conditions of enemy jamming, deception 
and high noise with mobile nodes vulnerable to destruction. The raw information 
must be turned into useful knowledge and then presented in a format that can be 
easily and quickly understood by commanders and their troops. All of this must be 
done in real time and as inexpensively as possible. Since the Lyons tenure, ARL's 
task has been to supply the scientific support to the Army as it strives to close the 
gap between military and commercial technology permanently while ensuring that 
future technology and doctrine are developed in tandem. 

Concurrently, the downsizing of DoD, coupled with the explosion in information 
technology, demanded a new approach in laboratory operations. It required ARL to 
become smaller while still providing state-of-the-art technology for military person- 
nel. The end result, a federated laboratory, was a unique entity within the 
Department of Defense. It drew upon the best of the public and private sectors to 
produce the research and technology needed for present and future Army land war- 
fare systems. The basic construct of the Federated Laboratory (FedLab) was to  
continue strong in-house involvement to meet Army-unique requirements where 
there was little external expertise, or  market, for the technologies; and the forging 
of direct associations with industry and university laboratories with recognized 
competencies in specific technology areas where the centers of expertise were defi- 
nitely outside of the government and the potential of the technologies had a much 
broader application. FedLab eventually resulted in a virtual ARL that was distrib 
uted across the nation and one third larger than ARCS actual size. Its program 
would be integrated into the ARL program in an open configuration, with large 
exchanges of staff in both directions. Included in the structure were two existing 
university centers of excellence that previously had reported to the Army Research 



Sametimes. how you da something makes all 
the dirence.ARL working with Grnegie 
Mdlon University has improved the probability 
d detection of land mines with low metal con- 
tent using the A r q k  currefit handheld mine 
detectar by almost 80 percent. 

Tests using the detector and soldiers employing 
standard Army detection Whniques revealed 
that the typical detection rate was well below 
20 percent.A detailed study was made of how 
expert deminers use the same detectors to find 
nearly 100 percent of the same types of mines. 
A specific training regimen was developed to 
transfer the specific skills used by the experts 
to soldiers as was a training site that could efl- 
ciently enable soldier5 ro develop the required 
skills and could be practically constructed by 
field units. 

Results of the new training program deman- 
strated enormous increases in probability of 
detection in relatively little mining d m .  
Repeatedly, wsts have shown increases in p b a -  
hilify of detection from less than 20% using 
standard techniques to 75% (less than one hour 
of mining) ro 98% (about 15 hours of train'mg) 
using the expert techniques. 

Much of this mearch that has increased soldier 
performance with tha current deitector will also 
apply to the Handheld Standoff Mine Detector 
System now under devefopment. 

Opposite: The Rodman Materials Research 
Laboratory at Aberdeen Proving Ground, M D  

was dedicated in july 1 997. 
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Office (ARO): the Army High-Performance Computing 
Research Center (AHPCRC) at the University of Minnesota 
and the Information Sciences Center at Clark Atlanta; and the 

, Institute for Advanced Technology at the University of Texas, 
1 a Federally-Funded Research and Development Center 
I 

(FFRDC) that had formerly reported to  the Armament 
Research, Development, and Engineering Center (ARDEC). 

' In July 1994, ARL was granted authority by DA to enter into 
' 

research cooperative agreements. They were different from 
contracts because they were not governed by the rigid 
requirements of the Federal Acquisition Regulations. The use 
of these instruments played a key role in fiscal year (FY) 95 
plans to implement the concept. Cooperative agreements 
made possible a close and very flexible working relationship 
between ARL and the recipients of the agreements; influenced 
the exchange of research personnel to best use available facil- 
ities; and established an environment for the exchange of sci- 
entific ideas and joint research that supported Army require- 
ments as  well as  commercialization of research products. The 
cooperative agreements provided substantial Army program- 
matic involvement through management committees, which 
evaluated and set directions for future research objectives. 

In December 1994, ARL issued a Broad Agency 
Announcement (BAA) to the private sector. It called upon 
industry and academia to assemble "consortia" around sever- 
al technology areas that were deemed critical to GEN 
Sullivan's directive to "digitize the battlefield." The BAA 
required a consortium to be made up of at least one industry 
partner that would be the lead organization, one major 
research university, and one Historically Black College or  
University or  Minority Institution (I-IBCU/MI). The results of 
the BAA solicitation were overwhelming. ARL received bid 
packages from 38 consortia made up of all the leading tech- 
nology centers in the private sector. After a rigorous selec- 
tion process three consortia comprising a total of 27 partners 
in 17 states were selected, one each in the areas of Advanced 



Sensors, Telecommunications/lnformation Distribution, and Advancedllnteractive 
Displays, and $122 million was budgeted for them over the five year period begin- 
ning in 1996. 

Over the five year period FedLab was an outstanding success. Some of the indica- 
tors of this are: 

Over 400 members of our partners' staffs augmented 1,250 ARL scien- 
tists and engineers, 

Over 40 individuals participated in rotational assignments, 

Over 600 papers were published in refereed journals, and 

ARL was able to leverage over eleven million additional dollars of our 
partners' internal funds towards FedLabrelated activities 

The two most important outcomes, however, were the many products that were 
delivered from the FedLab activity to ARCS customers, and the fact that ARL was 
able to amplify its own technical competence through its association with this 
array of world class partners. This enabled ARL to be able to play the critical role 
of "smart buyer" for the Army's technology needs. ARL was specifically called out 
for recognition by the Senate Armed Services Committee for this highly innovative 
approach to public-private partnering: "The Army's initiative to  create an open, fed- 
erated laboratory system is an innovative and forward-thinking approach. The com- 
mittee supports the competitive selection of laboratories from industry and acade- 
mia to  work with the Army Research Laboratory to meet Army research needs 
across a wide range of technologies."* 

Transitions 
The move toward the digital battlefield and the establishment of FedLab set off a 
flurry of consolidation within ARL's directorates. The process began in April 1995, 
when an ARL center of excellence in digital communications sciences was devel- 
oped. The former Sensors, Signal and lnformation Processing Directorate (S3I) was 
separated into the new Sensors Directorate (SEN) and the Information Science and 
Technology (IST) Directorate. The SEN Directorate, along with most of the S31 and 
three branches of the Electronic and Power Sources Directorate (EPSD) located at 
Fort Belvoir, focused its activities on infrared focal plane arrays, microwave and 
millimeter-wave radar, optics, and acoustic sensors, as well as advanced sensor 
concepts. The lnformation Processing Branch of S31, the Military Computer Science 
Branch of the Advanced Computational and Infrormation Sciences Directorate 

* National Defense Authorization Act for FY 1995, SASC Report, June 14, 1994 



Sometimes, good technology results from simple 
ideas.An ARL engineer was shopping for a new 
bed. Sitting on a waterbed he noticed that 
motion as any point an the bed caused the 
entire bed to respond,This simple observation 
led him to develop an acoustic sensor that pm- 
ides excellent acoustic coupling of heart and 
breath sounds; collects information concerning 
heart, lungs, and digestive tract functions; and 
detects changes in voice or sleep patterns, 
motor activity, and mobilit)rThe concept was to 
insert a hydropho~w inm a liquid-filled blatter 
configured as a flat pad and placed in contact 
with the human body. Since the body is mostly 
water, the pad acts as a fluid extensian af the 
body and forms an acoustic crr~lduit to the 
hydrophone. 

Vercaguard Corp. and Personal Electronics 
Devices, IRC. (ED) licensed the invention. 
Vestaguard will develap a SlDS (Sudden Infant 
Death Syndrome) and apnea monitor and will 
continue to develop the technology through a 
Cooperative Research and Development 
Agreement (CRUA). PED will market the device 
ta manitar physiologica t readings for exercise 
purposes. 

SfDS affects newborn infants who stop breath- 
ing and die for no apparent reas0n.A monitor 
can alert parents to the situation and help otim- 
ulate the infant to begin breathing again.Apnea 
is a condition in wMch affected people stop 
breathing for varying periods of time while 
deep 

The Army is developing the sensor to be worn 
by soldiers to measure their vital signs during 
training or in combat 

Opposite: The Acoustic/Electro-Optic 
Propagation Research Site opened at the 

Blossom Point Research Facility at 
Blossom Point, MD in May  1 998. 

(ACIS), and some personnel from EPSD and the Battlefield 
Environment Directorate (BED), formed the IST Directorate 
with areas of technical expertise in sensor and data fusion, 
display integration, knowledge-based reasoning, high-per- 
formance wireless networks, automated information distribu- 
tion, data and image compression, adaptive communications 

I and networks, secure exchange, and architectures research. 

Meanwhile, most of EPSD became the Physical Sciences 
Directorate (PSD), and focused on pervasive 21st century 
technologies, including solid state physics, nanotechnology, 
chemical science and technology, biological sciences, and 
manufacturing science. ACIS transitioned into the Advanced 
Simulation and High-Performance Computing Directorate 
(ASHPC). ASHPC concentrated on advanced distributed-simu- 
lation technology, software engineering, artificial intelligence 
and expert systems, real-time language translation, supercom- 
puting, distributed and parallel computing, and wide-band- 
width networks. The BED Atmospheric Analysis and 
Assessment team was moved to the SurvivabilityJLethality 
Analysis Directorate (SLAD), expanding SLAD's threat-effects 

I analysis mission and consolidating all of the laboratory's 6.5 
I 

1 mission funds in one directorate. The restructured BED con- 
centrated on signature distortions, atmospheric modeling, 
electromagnetic energy propagation, remote detection and 
identification of chemical and biological agents, weather 
analysis aids, weather measuring techniques, and land battle- 
field modeling. Finally, the Human Research and Engineering 
Directorate (HRED) reorganized internally to form a Soldier 

I Information Division to support the laboratory's emphasis on 
digitalization and communications science. 

While these changes occurred, the ASA(RDA) commissioned 
a study that examined options with regard to the future of 
ARL. The study was a response to  recommendations in an 
Umbrella Functional Area Analysis (F") conducted by the 
Deputy Chief of Staff for Operations, in light of changing 

a needs, program transitions, and funding reductions. ARL had 



already achieved a 41 percent reduction in personnel since 1989 and had undertak- 
en a significant consolidation effort in compliance with BRAC 91, at a cost of 
approximately $328M over the 1991-1997 timeframe. Nevertheless, the report rec- 
ommended that ARL should further decrease its number of directorates while 
focusing programs and achieving maximum overhead savings. This would sharpen 
technical focus and decrease overhead by focusing ARL on Armor and Armament, 
Battlefield Information Science, Sensors and Electronic Devices, Human Research 
and Engineering, and Survivability Analysis, all of which would have the greatest 
potential in support of Army long-term readiness with the lowest implementation 
costs and difficulties. 

Therefore, ARL began FY 97 with five technical directorates and two centers, and a 
Chief of Staff support function. The Weapons and Materials Research Directorate 
(WMRD) combined materials and weapons research to position ARL more effective- 
ly to support development of future land combat systems. The ISTD addressed a 
broad spectrum of research aimed at the digitalized battlefield beyond Force XXI. 
The Sensors and Electron Devices Directorate (SEDD) developed technology for 
advanced solid-state components and the state-of-the-art sensor systems to provide 
battlefield awareness and targeting. HRED conducted a broad-based program of sci- 
entific research and technology directed toward optimizing soldier performance 
and soldier-machine interactions in order to maximize battlefield effectiveness, 
while ensuring that soldier performance requirements were adequately considered 
in technology development and system designs. SLAD provided technical support 
in the analyses of the survivability and lethality of Army technologies and systems 
in the full spectrum of battlefield threats and environments. The Vehicle 
Technology Center (VTC) addressed propulsion and structure technologies for 
both air and ground vehicles, while maintaining existing relationships with NASA. 
Finally, the Corporate Information and Computing center (CICC) focused its efforts 
on ARL's business and high-performance computing assets, and served as the man- 
agement vehicle for the DoD Major Shared/Resource Center (MSRC) and the 
AHPCRC. 

The five directorates and two centers received a major addition in 1998, when the 
Army Research Office joined the ARL team. The shift went hand-in-hand with Lyons' 
emphasis on basic, or 6.1, research. Just after assuming the ARL helm, Lyons indi- 
cated that "any large laboratory like this needs strong scientific underpinnings. If 
you don't have that as a foundation, then you can't do the applied work." ARO had 
existed separate from ARL and its predecessors for almost 50 years, and the vast 



In a constant quest to make electronic devices 
smaller and more effective,Army researeh has 
improved the device that creates steady single- 
frequency signals for a number of systems. 
Existing crystal oscillators, when stimulated with 
electricity, resonate at a fixed frequency. But 
crystals often produce other than the desired 
single frequency (called noise), and cannot pro- 
duce the higher frequencies required by modern 
communication systems without increasing the 
noise in relation to the signal. Compensating for 
ever-increasing noise at higher frequencies while 
maintaining zr fixed temperature range takes 
complex circuitry.This makes the crystal signal 
source larger, heavier, and less reliable. 

A new type of device, the dielectric resonance 
oscillator (DRO), relies not on a vibrating crys- 
a1 but on the vibrating molecules of a ceramic 
puck to previdr a stable, virtually noise-free. 
very high-frequency signal at temperatures rang- 
ing from -1 00deg F m IOOdeg E Perfected at 
ARL, the small and rugged DRO (half the size of 
existing oscillators) produces an extremely pure 
signal and can be used in virtually any environ- 
ment without noise reduction and temperature- 
conml attachments. 

The Special Forces saw an immediate need far 
this tough but small device- and included it in 
designs for its transmitters. Under one CRDA 
and a patent license, DROs far an existing Navy 
testing device were designed. 

Another small business entered into a CRDA 
and patent licensing arrangement with ARL to 
use the DRO in telecommunications devices 
such as cellular phone systems. 

ARL's success depended heavily on the availability of.. . 

top facilities that would enable 

majority of its previous work had focused on basic research. 
The organization had many valuable contacts with the univer- 
sity community, the source of much of the invaluable basic 
research being done in the United States. It also had several 
strong ties to ARL, having established several of the "centers 
of excellence'' that had been brought into the FedLab struc- 
ture. With the Army's need to  more tightly focus its basic 
research on future needs, the ARO Director became the ARL 
Deputy Director for basic research, with a charter to coordi- 
nate all 6.1 research being performed at ARL, including that of 
the directorates. 

ARL's organizational structure was not the only development 
in this period. The lab was also evolving in more tangible 
ways. ARL's success depended heavily on the availability of 
top facilities that would enable future cutting-edge research. 
In 1996 and 1997, several of these facilities were either com- 
pleted or constructed sufficiently for initial use. At APG, the 
Target Assembly and Storage Facility on Spesutie Island s u p  
ported work on classified targets. Construction of this facility 
was started in January 1996 and competed in May 1996. Later 
installation of the high-efficiency particulate air filter in 1998 
provided personnel with the specialized capability of working 
with heavy-metal armors, such as those using depleted urani- 
um. In July 1997, the Rodman Materials Research Laboratory 
was dedicated to accommodate scientists and engineers 
transferred from Watertown, NY and Fort Belvoir, VA. The 
$76M facility was perhaps the best equipped of its kind in the 
world and supported a wide range of basic materials research 
for defense and government customers. It had begun operat- 
ing a few months before its official dedication. 

Construction also continued at Adelphi Laboratory Center 
(ALC). The High-Bay Facility was completed in February 1996 
and occupied in May. It accommodated ISTD's research in 
atmospheric science. In October 1997, ARL dedicated the 
Electromagnet Research Facility. Previously known as the 
Scale Model Laboratory, it was designed as  an electromagnet- 
ic transparent scale model experimentation facility. Personnel 



&re cutting-edge research. 

relocated from Woodbridge, VA used this facility for research 
that included ultra wideband radar and high-power 
microwave programs. The Adelphi site also received its own 
administrative building when the Della Whittaker Building 
officially opened in August of 1997. Finally, during this period, 
construction commenced on what would be the Zahl Physical 
Sciences Facility. The $73.9M project would eventually house 
SEDD, which was transferred from Fort Monmouth, NJ and 
Fort Belvoir, VA. The facility also included a $6.7M Military 
Construction Army project for CICC. This research and devel- 
opment computer center consolidated CICC at ALC and pro- 
vided a central connecting point for ALC to tie the high-per- 
formance and simulation computers at APG. As a result of all 
of this construction, the Woodbridge Research Facility was 
closed in September 1994 and the ARL-Watertown, NY site 
was closed on September 29, 1995. 

During this period, there were also major innovations in the 
management of ARL's workforce. In the FY 95 Defense 
Authorization Act, Congress empowered the National 
Performance Review Science and Technology Reinvention of 
Laboratories to design alternative civilian personnel systems. 
The purpose was to enhance the effectiveness of DoD labora- 
tories by allowing greater managerial control over personnel 
functions and, at the same time, expanding the opportunities 
available to  employees through a more responsive and flexi- 
ble personnel system. For the Army, the personnel demon- 
stration involved almost 8,000 civilian employees in four sci- 
ence and technology organizations, including ARL, the Missile 
Research, Development, and Engineering Center (RDEC), the 
Corps of Engineers Waterways Experiment Station, and the 
laboratories of the Medical Research and Materiel Command. 
In January 1995, Lyons organized an executive steering com- 
mittee that drafted plans to  implement a revised personnel 
management system that included broad pay bands, pay for 
performance, more generic job descriptions, and automated 
job grading. The system would coincide with the consolida- 
tion of ARL directorates. The Operations Directorate was 

Under a 1992 SBlR contract with Iterated 
Systems Inc., ARL sought proposals to solve the 
problem of using radio equipment to send and 
receive map images and motion-video pictures 
without losing or corrupting the data. 

Using a mathematical concept called fractal 
image compression, a multi-user Army team and 
Iterated Systems began with military maps. 
These contain a very large amount of Informa- 
don, from the elevation and slope of surfaces to 
the disposition of friendly and enemy troops. 

Having learned how to compress the data rep- 
resenting a map to  InOth of its normal size, 
send it through military radios, and display it 
with no perceptible degradation, the team com- 
pleted a more challenging task-communicating 
and expanding motlon-video data they had com- 
pressed from I12 to 11700th of its normal size. 
The result was a software system that com- 
presses billions of b i  of information, packages 
them to avoid loss when transmitted over stan- 
dard radios subject to jamming. and then 
expands rhe data - all with no loss of detail. 

This advance in dam compression, transmission. 
and expansion permitted csrnmanders far from 
the battle to see exacdy what is happening in 
real time, make decisions based on facts collect- 
ed from the various sources available, and send 
back to commanders at the front a map image 
marked with dl the facts-all this over radios rhe 
Army already uses every day. 

Iterated Systems also fielded two commercially 
available s o h r e  systems; one that stores. 
retrieves, and presents large digital maps that 
users can link to libraries of still and video pic- 
tures as well as audio infarmation. It is tommar- 
clalty available in interactive multimedia encydo- 
pdias on CD-ROMs. 

The other system compresses and expands 
video images that make real-time video-confer- 
ence transmission over conventional phone 
lines. portable phones,and radio channels 
possible. 



Opposite: The Woodbridge Research Facility in 
Virginia was transferred to the U.S. Fish & 

Wildlife Service in june 1 998, afler 
nearly 50 years ofArmy control. 

scheduled for reassignment under the Chief of Staff, and the position of Chief of 
Staff became a Colonel who reported through the Deputy Director to the Director. 
ARL planned the implementation of the new Personnel Demonstration System for 
all eligible General Schedule employees in 1998. Effective October 8, 1997, as  part of 
the general DoD restructuring, most operations of the ALC Personnel Office were 
centralized in the Northeast Regional Civilian Personnel Operations Center at APC. 
Civilian Personnel Advisory Centers at ALC and APC gave on-site advice and assis- 
tance to managers and employees. Rationalization provided a new methodology of 
doing business and resulted in a staffing reduction of more than 50 percent within 
the ARL civilian personnel community. ARL also stepped up its efforts in minority 
hiring at this time, as  Lyons established a Minorities Committee in early 1996 to  
address workplace issues and examine the recruitment and hiring processes. It 
would later transition into a wider-ranging diversity board in late 1998. 

Army After Next 

The FedLab concept had already emphasized the importance of reconciling the 
Army's digital capability with technologies developed for the commercial sector. 
However, the paradigm for technological development shifted once again in the 
later years of the Lyons regime. This occurred through the development of the 
Army After Next (AM)  concept. The principle of AAN was to augment ARL's short- 
er  term technological advances with longer term goals that investigated the needs 
of the Army ten years hence. This goal would require an unprecedented advance in 
information systems, sensors, weapons, and radically new concepts for logistics 
support. As the Army's corporate laboratory, ARL would play a key role assuring 
that the technologies to win would be available and inserted in the next and future 
generations of combat and support systems. AAN provided a unique opportunity to 
focus ARL's research program on critical operational requirements. Even closer 
coordination with TRADOC and the entire community was needed to identify and 
ensure that new initiatives supported a smaller, lighter, faster, and more lethal force 
that was envisioned for AAN with specific emphasis on knowledge and speed. 

In conjunction with AAN, ARL reformulated its strategic planning process to focus 
on several major long range problems that the Army After Next would face. This 
set of "Grand Challenges" represents a subset of those strategic problems to  which 
ARL could bring to  bear its world class technology competence. The five Grand 
Challenges about which ARL restructured its long range program planning are: 

Survivable systems with lethality overmatch in complex terrains. 



Lighter, faster, more fuel efficient mobile platforms to reduce the logis- 
tics tail and enhance deployability 

Provide commanders unprecedented real-time situation awareness of 
the battlefield 

Significantly improve the battlefield soldier's ability to absorb informa- 
tion and make decisions 

Assure information dominance in diverse operating conditions and 
threats 

These technologies will be principal enablers of the AAN battlefield and it is essen- 
tial for AMC and the Army to maintain a vigorous investment in basic and applied 
research to meet the needs of tomorrow's soldiers. 

Fortunately, as  demonstrated by some of the technology already being developed, 
ARL was well on its way to fulfilling the needs of AAN. The Lyons tenure saw signifi- 
cant accomplishments by ARL scientists in such diverse areas as  robotics, battle- 
field visualization, and live-fire prediction and assessment. All of this was achieved 
while ARL provided support to soldiers deployed in Somalia, Haiti, Bosnia and 
other areas around the world. Perhaps the biggest technological triumph of this 
period occurred in December 1994, with the successful proof-of-principle demon- 
stration of the GPS registration fuze for artillery rounds. GPS, or Global Positioning 
System, had already been in use for a variety of military technologies. The GPS 
technology, a joint service program led by the Air Force, provided accurate, contin- 
uous, all-weather, common-grid, worldwide navigation, positioning, velocity and 
timing data to land, sea, air, and space-based users. Now this tracking system could 
be utilized to  determine the position of a fired round and whether that round had 
hit its intended target - eliminating the necessity of human verification of destroyed 
targets. GEN Sullivan said of this work: "Think about what this could mean within 
the larger picture.. .we may need only 113 as many rounds to defeat a target. This 
means fewer ammunition plants, fewer ships, fewer trucks, fewer truck drivers, 
fewer mechnics and more infantrymen, more military police. ... This is not gimmick- 
ry; this is real power."* 

There were two other breakthroughs in information technology in this period. The 
first was the completion of the Integrated Meteorological System (IMETS) software, 
which uses atmospheric data to  give weather forecasts for specific areas of the bat- 
tlefield. IST developments also assisted soldiers in Bosnia, through development of 
the prototype Forward Area Language Converter VALCon) systems to help evalu- 

* General Gordon R. Sullivan, CSA, Remarks at AUSA Winter Symposium. Equipping Force XXl, Orlando, 24 Jan 1995 



Opposite: The White Sands Missile Range in New Mexico 
continues to be an integral part ofARLS research efforts. 

ate documents written in Serbian or Croatian. FALCon helps the user with no for- 
eign language training to convert a foreign language document into an approximate 
English translation, enabling frontline soldiers to assess the military significance of 
documents obtained in the field and decide whether to pass the items to a linguist 
for full translation. Such technology will also be helpful to the current war on ter- 
rorism as  the U.S. military finds or intercepts A1 Qaeda documents. This effort influ- 
enced the development of optical character recognition software to accommodate 
the unique characteristics of documents in the field, while increasing the language 
coverage of available translation software, and incorporating an advanced multilin- 
gual retrieval capability. 

ARKS technology advances were facilitated by its status as  a Major Shared 
Resource Center, or MSRC. Recognizing the importance of computer modernization 
as  integral to the future military, DoD initiated a High-Performance Computing 
Modernization Program (HPCMP) in 1994, designating ARL as one of four MSRCs in 
the country. Much of the upgrading process occurred throughout the Lyons tenure 
s o  that the ARL MSRC could manage several computational areas. Further, it was 
integrated with the other DoD MSRCs through the Defense Research and 
Engineering Network. These resources provided researchers with scientific visuali- 
zation laboratories that enabled data interpretation and representation, and sup- 
ported ARL's Army High-Performance Computing Research Center (AHPCRC). 

Continuing Partnerships 

ARL pursued many types of partnerships involving academic institutions and pri- 
vate industries to focus state-of-the-art research on Army needs. In addition to 
FedLab, ARL operated a number of cooperative programs and centers of excel- 
lence, as  well as  congressionally-mandated technology transfer programs and an 
extensive educational outreach program, in addition to  a broad spectrum of inter- 
national cooperative programs. Notable external partners included the AHPCRC at 
the University of Minnesota, the hypervelocity phenomena work at the Institute of 
Advanced Technology at the University of Austin (Texas), and the software engi- 
neering efforts at the Information Sciences Center at  Clark Atlanta University. ARL 
also had cooperative agreements that supported microelectronics at Johns Hopkins 
University and the University of Maryland. Collaborative programs in materials 
research were conducted with Johns Hopkins University, the University of 
Delaware, and the Michigan Molecular Institute. ARL worked closed with several 
research and educational institutions that were designated as Historically Black 
Colleges and Universities and Minority Institutions (HBCU/Mls). In addition to the 



six partners in the FedLab program (City University of New York, University of New 
Mexico for High Technology Materials, Howard University, North Carolina A&T, and 
Morgan State University), the HBCU/MI partners in AHPCRC were Florida A&M 
University, Clark Atlanta, Howard, and Jackson State University. Howard also had a 
microelectronics partnership. 

The Small Business Innovative Research (SBIR) program also made great advances 
during this time. After its expansion in 1992, Congress increased its emphasis on 
dual-use opportunities and private sector commercialization. Through the SBIR pro- 
gram, the Army gained access to the technological advances of small, innovative 
firms with fewer than 500 employees. The Army set aside specific funding for high- 
quality research or R&D proposals of innovative concepts to solve the Army/DoD- 
related scientific or engineering problems, especiaIly those concepts that had high 
potential for commercial use. ARL was a consistent leader in the Army SBIR pro- 
gram and annually averaged 20 percent of the total Army SBIR funding by FY 97. 
The program consisted of two phases. Awards under Phase I enabled recipients to 
demonstrate the feasibility of their proposaIs which resulted in forty-three con- 
tracts at about $100,000 each. Successful Phase I recipients applied for Phase I1 
funding in order to enable the establishment of the proof of principle and to pro- 
duce a prototype. Thirteen Phase I1 contracts awarded in FY 97 amounted to 
$750,000 for each award. 

Included in SBIR as a separate program was the Small Business Technology 
Transfer (STTR) program created by Congress in FY94 to foster colIaborations 
between the smaIl business community and research institutions and to involve 
both in the federa1 R&D more effectively. ARO administered the program and ARL 
provided technical support and evaluated technical proposals submitted by small 
businesses. During FY 2000, ARL monitored six of the Phase I1 STTR projects valued 
at $600,000 each. In additional to providing support to the Objective Force, as  well 
as support to  the TRADOC Battle Laboratory, ARO addressed congressional inter- 
est in readiness and the effectiveness of U.S. Nuclear, Biological and Chemical war- 
fare defensives. 

End of an Era 

A transition of ARL directorship occurred at the conclusion of FY 1998 with the 
retirement of Lyons. His tenure was highlighted with achievements that included 
the presentation of four Hammer Awards, given by Vice President Al Gore to agen- 
cies that maximized efficiency and effectiveness while following the financial 
parameters set by the NationaI Partnership for Reinventing Government. These 



awards were given t o  ARL in recognition of the development of the Personnel 
Demonstration Project (shared), its implementation of the FedLab initiative, its 
development of the Turbine Engine Diagnostic System, and the Laboratory's DoD 
SBIR process reform. ARL's support of TRADOC through AAN and its emphasis on 
information technology had helped establish its reputation as  an integral part of 
the Army's future direction and visions. Finally, ARL was recognized by the defense 
community a s  one of the Army's centers of expertise in the computer security area. 
During the Lyons tenure, ARL engineers and scientists had taken great strides in 
establishing the state-of-the-art Army laboratory envisioned in the waning days of 
the Cold War. It would now be up to  ARL's second director, Dr. Robert Whalin, to 
ensure that the organization remained on the right track as  it fulfilled the goals of 
Army Transformation. 







ood people working together will produce more technology relevant to 
the soldier" was the motto espoused by Dr. Robert Whalin, ARCS sec- 
ond Director. Whalin came to ARL in December of 1998 and quickly set 

to work in making the organization, in his words, "a fully functional, seamless, 
smooth-running, well-oiled machine for the Army." He was selected for the position 
after serving as Director of the U.S. Army Corps of Engineers Waterway Experiment 
Station YES) where he had more than tripled the size of its research and develop 
ment and established a distinguished record. Whalin also brought with him a 
wealth of experience in both academia and the private sector, having served as an 
adjunct professor at three universities and six years in industry in southern 
California. 

Whalin would have to steer ARL through the initiation of Army Transformation, 
which was announced in October 1999 by GEN Eric K. Shinseki, then Army Chief of 
Staff. The initiative would, in Shinseki's words, make the Army "a strategically 
responsive force that is dominant across the full spectrum of operations." 
Tranformation would be accomplished through integrating "three prongs" - the 
Legacy Force, or already-fielded combat systems and units, the Interim Force, and 
the Future Combat System (FCS). This integration would achieve the ultimate goal 
of Army Transformation - the new Objective Force, which would incorporate three 
priorities for equipment modernization: information dominance, physical agility, 
and lethality and survivability overmatch. Fortunately for the Army, ARL had 
already been developing technology with these goals in mind. 

With much of ARCS organizational structure in place, Whalin now focused on more 
specific goals that would meet the needs of Army of the future. Among the objec- 
tives pursued during his tenure were management of the Army's basic science 
research grants with academia; leveraging the technology investment of the com- 
mercial sector and tapping the leading-edge expertise and facilities of universities 
and the private sector; and working with TRADOC and the R&D assets throughout 
AMC to develop enabling technologies. In addition, Whalin emphasized human 
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. . . information assurance became a necessity to prevent incowect 
decisions, especially in a battlefield environment. 

resources development, both in training of the workforce and aggressive minority 
recruitment. Finally, Whalin placed a priority on investment in technology and sup- 
ported the construction of a tactical environmental simulation facility, as well as an 
increase in ARL's computing power. 

In order to  meet the challenges of Army Beyond 2010, ARL worked closely with 
TRADOC and the robust research and development assets of AMC. Addressing the 
Army needs across the total spectrum, ARL focused on initial work, which was 
required to  deliver superior science and technology for the future Army. The 
process generated numerous recommendations for investment in basic research 
that included terrain and environment independent communications and data man- 
agement, lightweight protective materials, and unmanned and robotics concepts. 
Some ARL technology areas identified for the Army Beyond 2010 were protection 
schemes for land systems, signature control, advanced materials, chemical and bio- 
logical protection, alternative propellants and hybrid power systems, human and 
cognitive engineering, and fuel and logistics efficiencies. More specifically, ARL was 
interested in developing a lighter armored vehicles, providing soldiers with virtual- 
reality helmets, and developing weather-resistant clothing. 

ARL has facilitated Army Transformation by expanding and improving upon the 
FedLab concept which had expired in 2001. The follow-on program was called 
Collaborative Technology Alliances (CTA) which continued the very successful 
FedLab model by advertising for self-formed consortia to submit bid packages for 
cooperative agreements (CAs), this time in five areas - Advanced Sensors, 
Advanced Decision Architectures, Communications & Networks, Power & Energy, 
and Robotics. On 31 May 2001, five CAs were awarded and CTA was under way, this 
time for a term of eight years and funded by a total of $300M of 6.1 funds. In addi- 
tion, there are several other significant improvements over the former program. In 
addition to the 6.1 funding, there was also established an additional $300M set of 
five task order (IDIQ) contracts ($60M for each consortium) which would allow 
other sponsors to come into the program at the applied research (6.2) level and 
support individual efforts to enhance the probability of successfully transitioning 
the technology to system development programs as quickly as possible. Thus, the 
entire program has a potential of reaching $600M. Another new feature of CTA is 
the ability of other government agencies (as well as  FFRDCs) to join with the pri- 
vate sector consortia and ARL, thus opening up the collaborative environment even 
further. Since CTA took over from FedLab, several other government organizations 
have come into the partnership bringing significant amounts of additional funding, 



thereby greatly enhancing the leveraging power of all the 
participants. 

In May 2000, ISTD merged with CICD to form the 
Computational and Information Sciences Directorate. CISD 
now had four basic research areas: battlefield communica- 
tions, data fusion and knowledge management, battlefield 
environmental work, and computational science and engi- 
neering, in addition to infrastructure support efforts. The 
focal point was the management of the DoD High 
Performance Computer Network and the High Performance 
Computer Center. The proliferation of computers had brought 
some security vulnerabilities that required intrusion detec- 
tion and management administration and configuration. 
Further, information assurance became a necessity to prevent 
incorrect decisions, especially in a battlefield environment. 
Knowledge management is extremely important and the reor- 
ganization and realignment of functions of information assur- 
ance and knowledge management have increased the capabil- 
ities of ARL as well a s  enhanced the contributions to the DoD 
community in terms of computational applications, and sci- 
ence and engineering applications. High performance com- 
puting also uses modeling and simulation tools with various 
applications and has led to  new science in the areas of nan- 
technology and nanomaterials. 

An effort was also made during this period to improve inter- 
nal cohesion within ARL, thus providing opportunities to  
reestablish more efficient and effective team operations. 
Creating new technology to protect the future warfighter, the 
directorates focused their efforts on new and innovative 
ideas. ARL was a leader in battlefield sensors and electronic 
devices, providing revolutionary capabilities for soldiers to 
preemptively detect and target the enemy. Scientists also 
developed novel power sources and sophisticated new RF 
and electro-optic devices, thus innovating signal processing 
algorithms that will make the next generation of weapons and 
platforms smart and survivable. In computation and informa- 

b rn What has been SLAD's impact on 
information warfare and warfare of the future! 

4 There was basicalty nobody in the Army 
that could do any work in that area when SLAD 
was formed. Now it is one of our biggest activi- 
ties-understanding what information threats 
are, i.e., malicious viruses and codes, and evalu- 
ating Army systems.. .and making sure that it is 
hard to do and that our soldiers understand 
what to do if they are attacked that way.We 
work quite a bit with many of the other agen- 
cies to try to do that Now we have 80 or 90 
people involved almost exclusively in looking at 
information threats. 

( On a broader level, how has SLAD's 
overall m~ssion impacted the effectiveness of the 
American military? 

Army systems work better because of 
ust,,rything from Abmms, Bradley, Black 
Hawk,Apache, Patriot Army systems do a bet- 
ter job functioning on the battlefield and pro- 
tecting our soldiers than they would have with- 
out us, and that is from a ballistic perspective, 
from a chemlbio perspective, from an informa- 
tion perspective.We are proud of our contribu- 
tion, and there are a lot of other people that  
are responsible for it as well. 



tion, ARL provided fundamental science needed to enable American warfighters to 
forecast, plan, rehearse and execute missions before the opposing force completed 
their basic mission planning cycle. The development of collaborative training, 
mobile self-organizing networks, advanced simulation, interdisciplinary applications 
using high-performance computing, and battlefield effects are among the initiatives 
supporting these advances. Weapon and material research provided science and 
advanced, lightweight materials technology that made the soldier and the Army's 
future weapon systems more lethal, survivable, sustainable, and strategically 
deployable to ensure dominance, while providing individual protection, advanced 
armors, armament technologies and unmanned ground systems. Human research 
and engineering efforts assured that soldiers operated effectively on the battlefield 
and with enhanced survivability in lethal environments through cognitive engineer- 
ing and basic research in vision, audition, and stress measurement that improved 
soldier analysis and decisionmaking when receiving vast amounts of data. ARL also 
lead the modeling and simulation efforts within the Army in the areas of ballistics, 
nuclear, biological, chemical warfare, and information and electronic 
survivability/lethality for Army systems. This would help enhance the ability of 
acquired systems to survive and function against the full spectrum of threats. In 
vehicle technology components were provided for future systems that are lighter, 
faster, and stronger to reduce the Army's battlefield fuel consumption. 

Basic Research 

A fundamental aspect of ARCS contribution to  leap-ahead technology is basic 
research which, while longer term in scope, will often produce paradigm-shifting 
results. In the development of advanced chemical and biological protective materi- 
als, nanomaterials such as  dendritic polymers represented a technological break- 
through that provided a means of making emerging chemical/biological concepts 
and systems more practical and affordable for individual protection, detection, and 
decontamination. ARL designed, developed and evaluated materials and material 
systems for application in protective clothing, masks, and detection and decontami- 
nation equipment. These enabling technologies were transitioned to the Soldier, 
Biological and Chemical Command and the Army Medical Research and 
Development Command for inclusion in developmental programs focused on pro- 
tecting military personnel from chemical and biological attacks. Major accomplish- 
ments in FY 2000 included the development of a next generation reactive topical 
skin protective cream for chemical agent resistance and decontamination; the 
development of nanoencapsulated enzymes for soldier clothing; and nanomanipula- 



ARO facilities are strategically located in Research Triangle, NC. 

tion conditioning for enhancing biological agent detec- 
tion. 

Eric A. Cornell, Wolfgang Ketterie and Carl Wieman were 
Nobel recipients in 2001 for their achievements in 
physics, partly or wholly supported by ARO. Past ARL- 
affiliated Nobel recipients include Robert F. Curl, Alan J. 
Heeger, Alan G. MacDiarmid, and Richard E. Smalley for 
their achievements in chemistry, and Zhores I. Alferov, 
Herbert J. Kroemer, Donald M. Lee, and Daniel C. Tsui for 
similar achievements in physics. ARL was also a major 
participant in the semiconductor revolution that influ- 
enced photonics technology and the effort to direct light 
with the wind, and the technological effort to produce 
super critical water oxidation in a detoxification effort to 
eliminate chemical and biological agents. Revolutionizing 
the warrior soldier was an objective at MIT, where one 
major effort was the development and improvement of 
protective clothing effective against chemical and biologi- 
cal threats, and capable of providing treatment prior to 
the arrival of medical personnel. 

Investments were made in infrared detectors, especially 
with the first color prototype, and in calibration technolo- 
gy for helicopters with Princeton University. Challenges 
pertaining to the future Army necessitated innovative 
ideas and influenced the introduction of biotechnology 
into engineering and physical sciences arena. Optical 
technology and the development of an electronic eye and 
a sensitive nose with the capability of smell were 
designed to enhance the deployment of robotics under 
battlefield conditions. Target recognition and land mine 
detecting were also primary challenges that were influ- 
enced by quantum computing. 

Applied Research 

Information Technology 
Information technology for the battlefield continued to  

k How has ARO been able to provide 
new innovations and basic research for so lo@ 

I There are twa reasons. One is the set 
single investigator progmt, and the second m- 
son is the valuable and wry confident program 
managers we have at ARO - they are all Ph.Ds. I 
don't think any other funding organizations In 
&is country can claim t h a ~  All program rnan- 
agers are given the opportunity to have 20 per- 
cent of the time off ao be adjunct professors at 
the univenitles to conduct the resmrch, to 
direct postdocs and Ph.D. students. 

- How did the uimming of the defense 
~ffect what ARO does? 

. -The bottom line is that providing c w -  
tlnuous innovation far the Army cannot be con- 
tinued with the shrinking dollar. It's huge if you 
think about ir, from 4 1 10 miilion to W0 million. 
Fortunately, because of smart people, we have 
been able to deal with the dwindling singIe 
investigatm dollar problem.They am extremely 
respected by the national and international aca- 
demidscientific cu3rnrnuniries. On top of that, 
they're well-respected by peers in ehs govern- 
ment and orher funding agencies. 



drive ARL's contribution to the Army Beyond 2010. There were many important 
breakthroughs in this period. ARL helped develop a dual-band forward-looking 
infrared (FLIR) camera, which enabled operation in a wider range of ambient condi- 
tions, including day, night, fog, and smoke. The imagery from the wave bands easily 
fused into a single composite color image that provided the observer more informa- 
tion about a scene than could be previously obtained. This enhanced capability to 
view the battlefield greatly increases the system's ability to select targets out of 
clutter and to distinguish targets from decoys and defeat other enemy countermea- 
sures. Battlefield information issues were also addressed by the Warrior Extended 
Battlefield Sensors Program, through which ARL developed energy-efficient net- 
works and acoustics propagation studies for battlefield sensors that enable more 
effective communicate among soldiers and their commanders. The technology was 
envisioned to revolutionize surveillance and reconnaissance operations on the bat- 
tlefield. Finally, work continues on the Integration Meteorological System (IMETS), 
with the goal of forecasting down to a one-kilometer area. It will also be useful in 
case of chemical or biological attacks on American soil. A similar technology, the 
lntegrated Weather Effects Decision Aid, was also developed to assist the battlefield 
commander to deploy helicopters, tanks or  aircraft, along with the type of weapons 
systems, based on the expected weather conditions. In addition, sensors used dur- 
ing the operation will provide audio sounds that would disorient aggressor forces. 

A fundamental aspect of obtaining battlefield information lies in trying to extract it 
from potentially dangerous areas. ARL was successful in robotic and autonomous 
platform technologies and played a pivotal role in the development and demonstra- 
tion of technologies that enabled the employment of unmanned ground vehicles in 
military applications. The Demo I11 Program aimed at developing technologies for 
integration of vehicle platforms and conducting field experiments using Army and 
Marine Corps personnel. The primary goal was to develop autonomous-mobility 
technology to enable an experimental unmanned vehicle WUV) to  tactically maneu- 
ver over rugged terrain a s  an integral part of a mixed force of manned and 
unmanned vehicles. Implicit in this goal were the requirements for the unmanned 
ground vehicle (UGV) to maneuver at speeds that were comparable to manned 
vehicles and function reliably without requiring additional specialized personnel. A 
new model of Demo I11 XUV was used in constructive and virtual simulations at the 
Mounted Battle Laboratory. A three-dimensional dynamic simulation of the base- 
case XUV was completed which proved critical for the mobility and sensor stabi- 
lization system design for the Demo 111 vehicles. Demo 111 demonstrated the capabili- 
ty to perform multiple functions in tactical operations. 



WeapondLethality 
Ensuring combat overmatch for the FCS (Future Combat 
System) and the Objective Force continued to be a significant 
challenge. ARL met this challenge through focused efforts in 
insensitive, highenergy propellants and munitions which 
offered increased lethality in more compact weapon systems 
while reducing vulnerability to attack; kinetic-energy penetra- 
tor concepts that enhanced or maintained lethality in more 
compact configurations; and multifunctional warhead con- 
cepts that can defeat a full spectrum of targets (armor, bunker, 
rotocraft, and troops). ARL was the leader in the investigation 
of terminal effects of direct-fire armaments systems, and the 
application of that knowledge to develop lethal mechanisms 
for penetrators and warheads delivered by large-caliber gun 
systems or small and medium missiles systems to defeat all 
classes of armors. Technologies developed were critical to 
weapon system developments at the Army Armament RDE 
Center and the Aviation and Missile RDE Center that included 
the Compact Kinetic-Energy Missile (CKEM), the Tank 
Extended-Range Munition (TERM), the Line-of-Sight Anti-Tank 
Missile that provided lethal, accurate anti-tank fire using kinet- 
ic energy missile technology (LOSAT), and the Advanced 
Kinetic-Energy Penetrator. ARL also continued to investigate 
electromagnetic (EM) and electrothermal chemical (ETC) gun 
technologies because of their potential leapahead capabilities 
to  defeat future threats, including platforms equipped with 
reactive armor and active protection systems. These guns can 
be integrated with electric vehicle propulsion and armor sys- 
tems to provide an efficient, highly mobile, and deployable 
ground maneuver force. 

ARL continued to develop technologies to provide over- 
whelming lethal force, and the highest levels of survivability 
to the U. S. soldier. Technical and scientific accomplishments 
include enhanced lethality and survivability of the Abrams 
Tank, assured through research and development in armor 
mechanics and advanced penetrator-defeat technologies, and 
also by providing designs for reducing vulnerability in the 

,, Back in '97, they hunga banner in the 
dhctmqtedmt said,"the challmge is m mdce 
our heavy,fo~:es lighter and more deployable 
and our light fbmes more ledtal md swvhkle." 
That. ~ w r s  befare the ~ r m ~ o n h  We are 
mskfonittg wchhdogy for the Mlginal field 
and fawe combat systems, so I think that 'says 
htsm were on the right path. 

What are some of the biggegt chd- 
lmgw WMRD has faced? 



ammunition compartments. In the area of lethality, ARL worked with the RDECs to  
provide integral technologies for the M829 family of Abrams kinetic-energy ammuni- 
tion, the fielded M829A1 and M829A2 and the developmental M829E3. Contributions 
also included the lethal mechanism design (i.e., the sub-projectile), high-perform- 
ance propellant technology, launch and flight ballistics, and lightweight composite 
sabot design. Finally, ARL developed a non-lethal munition fired from the M203 
grenade launcher and a crack-resistant face shield for riot helmets, both of which 
were fielded to troops in the Balkans and Somalia employed in peacekeeping 
engagements. 

Soldier Performance/Battlefield Coordination 
A cornerstone of the FCS and the Objective Force is ensuring that soldiers will func- 
tion with maximum effectiveness under all conditions on the higher-technology bat- 
tlefield. ARL conducted research to define and quantify soldier capabilities and limi- 
tations and apply this understanding to the design and development of soldier-sys- 
tem interfaces. Scientists and engineers worked closely with soldiers to  identify and 
develop solutions to  current and future performance problems. Basic research in 
auditory and visual perception, and applied research in cognitive engineering and 
logistics provide the understanding required by material developers to build sys- 
tems that greatly enhance soldier performance. In addition to the research function, 
ARL championed the soldier in the material acquisition process by providing lead- 
ership in human factors engineering and the application of MANPRINT to Army 
acquisition. ARL's support to  combat developers, PEOs, PMs, and the Army's test 
and evaluation effort is critical to systems success, and ARL's contributions have 
significantly improved system performance and reduced lifecycle cost. 

As the twenty-first century approached, the Army needed a command and control 
vehicle (C2V) that would permit staff to  accomplish command and control opera- 
tions while moving. ARL was asked to develop modeling techniques similar to those 
on the Comanche helicopter and the Fox vehicle, but with the capability of deploy- 
ing more personnel. Cognizant of the requirements for effective communication and 
the need for the command staff to be close enough to the leading edges of the for- 
mation, the critical initiative that evolved is to have a C2V suitable to support the 
FCS. To some extent, the problems pertaining to  command and control during the 
peacekeeping deployment in Bosnia influenced the requirement for the C2V. It has 
led to  further measuring of team behaviors or performance, especially the develop 
ment of command and control tools. Another interesting aspect is the measurement 
of command and control involving multinational teams. 



HRED efforts were also oriented toward soldier-system per- 
formance impact on force effectiveness. MANPRINT stresses 
the integration of manpower, personnel, training, human engi- 
neering, system safety, health hazards, and soldier survivabil- 
ity. Major successes in the use of MANPRINT were achieved 
in the development of the Fox Nuclear, Biological and 
Chemical (NBC) Reconnaissance System that was accom- 
plished by the Integration Methods Branch use of IMPRINT 
and Human Figure Modeling. Success was also attained in the 
Joint USMC-Army Acquisition Program of the XM777, 
Lightweight, Towed Howitzer, for which the Air Warrior Team 
received the MANPRINT Practitioner of the Year Award for 
improvements of the process which produced the first avia- 
tor human figure computer program. Another achievement 
was the development of the Objective Individual Combat 
Weapon (OICW). The lighter weight, smaller footprint, and 
lower profile of the XM777 improves strategic deployment, 
tactical mobility, and survivability, and will replace the M198 
howitzer as a direct and general support system for Army 
light and interim forces. The OICW provides the infantry sol- 
dier with a decisive overmatch capability while increasing 
versatility and survivability by increasing the standoff range 
to exceed 1000 meters, providing dayjnight operational capa- 
bilities, and providing significant improvements in lethality 
and target effects. ARL recognizes that new technologies for 
the future battlefield will be characterized by the rapid intro- 
duction of cognitively demanding weapon and information 
systems. Successful command and control of the Objective 
Force will place high cognitive demands on leaders and sol- 
diers. Objective Force decision-making will occur under con- 
ditions involving intense time pressure, information overload, 
fatigue and geographical dispersion. 

Survivability and Lethality Analysis Efforts 
ARL is responsible for the vulnerability and lethality analyses 
of all developmental and fielded weapon systems and sol- 
diers. A vital aspect of the survivability, lethality, and vulnera- 
bility (SLV) mission was the vulnerability assessment of the 

. I ml 
ARL manages the Major Shared Resource 
Center (MSRC) at APG, Ma. Created under the 
High Performance Computing Mdernization 
Program (HPCMP), it is one af the largest high- 
pehrmance computing faclties in the world, 
prauiding the DoD reseamh and development 
community increated computation and net- 
working rapabilrtles'indudtng httl&eld sirnula- 
rim, modeling of admced weapon systems, 
crass-discipline applirafians and weapon system 
design and development ARUs researchers are 
leading the way in the emerging computational- 
fields of data mining, knowledge management, 
scientific visualization, and information 
management 

The High Performance Computing 
Modernization Program (HPCMP) was initiated 
in 1992 in response to o~ngressiod direction 
to modernize the Departme* o# Defense 
(DoD) laboratories' high p~darrnance cornput- 
5ng [HPC) capabilities-The HPCMP was asem- 
bled wt of a collection of smll high perfem- 
ance computing depments each with a rich 
history of supercompuring experience that had 
independently evolved within the Army,Alr 
Force, and Navy laboratories and test centers. 

The hPCMP provides the supercomputer sew- 
ices, high-speed network communications, and 
camputacional science expertise that enables 
the Ddense labaratorla arrd test centers to 
conduct a wide range of focused research. 
development, and test atrivitSm.This partnership 
puts advanced technology in the hands of US. 
forces more quickly, less expensively, and with 
greater certainty of oumss.Today's weapons 
programs, such as the Joint Swlke Fighter, 
Comanche Helicopter, Medium Tartical Vehicle 
Replacement, and the hvglin Mtssile, program, 
have benefited through innwatlve materials, 
advanced design concepts, iinproved and faster 
modification pmgrms, higher fidelity simula- 
tions, and more efficient tests. 



Soldiers have an increasing need for technotogy 
that can detect and identify obscured targets. In 
support of MDARFA's Counter Camouflage, 
Cmcealment and Deceptian Brograrn,ARL eon- 
dtlcted a foliage perteaation field experiment to 
determine the viabitlty of using a three-dlmen- 
rional ladar to detect and identlfy targets under 
trees. Using a ladar system developed in-house, 
ARL collected data against several military ear- 
gets concealed in foliage at Aberdeen PPoving 
Ground. With the ladar mounted atop a mobile 
boom-lift-to sirnub depkpaent on a UAV 
or other air v e h i c l d t a  was collected from 
muttiple positions above the treetops.The 
resulting multi-aspect 3-0 ladar data were then 
merged to form a composite 3-0 image that 
could be manipulated by computer to reveal the 
concealed targets. 

The success of the field experiment supported 
the formulation of the DARPA Jigsaw pmgmm. 
]igmwVs goal is is develop la&r as a primary 
combat identificatim sensor for Future Combat 
System platforms. By combining multi-aspea 3- 
D data t9 permit visualization from alternate 
viewpoints, the Jigsaw tadar systems wHI enable 
humans to identify targets with Mgh confidence 
under a wide range of stressing environments 
(e.g, targets fully or partially hidden by foliage, 
gmouflage, etc.), without the aid of automated 
tztrget recognition. 

Over the past several years,ARL has been 
dewloping iu unique ladar technology to allow 
the synem to be small. law-cost, and producible 
using comrnertial-off-thdelf parts.Addjtional 
data colleedons have been performed against 
eargets h other environments (e.g., under cam- 
ouflage. in tall grass) from both air and ground 
level perspectives. Other applications for ladar 
technology include roboeic visualization, urban 
gcenados, smart munitions, and unattended 
gmund sensor pladhrms. 

development of a Theatre High-Altitude Area Defense 
(THAAD) system. The comprehensive analysis involved an 
evaluation of the effects of all major electromagnetic ele- 
ments, including EM interference, EM radiation operations, 
EM radiation hazards, EM pulse, electrostatic discharge, and 
lightning effects on critical functions and critical subsys- 

I tems/components of the THAAD system. The analysis provid- 
ed THAAD program mangers and Army decisionmakers with 
early feedback on SLV designs options that had near-term and 
mid-term impacts, as well as anticipated far-term SLV 
improvements that addressed reactive threats, thus providing 
early insight into Planned Improvement Program options On 
June 23,2000, THAAD received program Milestone I1 approval 
and on September 27,2001 the U.S. governmental and indus- 
try team developing THAAD achieved a major milestone by 
successfully completing the critical design review for the 
radar segment. The THAAD Project Office was placed under 

1 the operational control of the Ballistic Missile Defense 1 Organization on October 1,2001 for the development and 
conduct of extensive ground tests. ARL developed realistic 
trajectory models for targets and missile using available 
THAAD field data and threat trajectory data in addition to 1 developing multiple target trajectories for use with IR scene 

1 generation of infrared countermeasures (IRCMs). 

I Another analysis project involved the Comanche, the Army's 
I next generation helicopter, designed to perform armed recon- 
' naissance and attack missions. It will significantly expand the 
I Army's capability to conduct reconnaissance, security, and 
I 
I attack operations in all battlefield environments, day or  night, 
I and during adverse weather using its advanced electro-opti- 
I cal sensors, aided-target recognition, and sensor-weapons 
: integrations. The Comanche's digital communications capaci- 

ty will enhance the Army's capability to win the battlefield 
information war, and allow interface with the Joint 
Surveillance and Target Attack Radar System (JSTARS) and 
other joint sensors and weapon platforms. A commitment 
was received in FY98 from the Comanche helicopter Project 



Manager Office to  support the continuation of the analysis of the potential airborne 
chemical threat that the RAH-66 helicopter may experience on the modern battle- 
field. A chemical/biological agent dispersion computer model was used to  develop 
a baseline-modeling scenario in coordination with the Comanche helicopter devel- 
oper, Boeing/Sikorsky. 

Organizational lnitia tives 
At this time, ARL consisted of laboratories and its headquarters in Adelphi and with 
major sites at  Aberdeen, Maryland, the Research Triangle Park in North Carolina and 
White Sands Missile Range in New Mexico, in addition to research elements co-locat- 
ed with the National Aeronautics and Space Administration (NASA) in Cleveland, 
Ohio and Langley, Virginia and a worldwide presence through various research and 
business partnerships that included the United Kingdom, Japan and Germany. At 
Adelphi, the completion of the Zahl Physical Sciences Laboratory was the last of the 
construction authorized under BRAC. The facility houses the staff of SEDD and the 
ALC component of the CISD. The Zahl building also includes the Advanced Material 
Growth and Processing Facility, Display Materials Research Facility, and the 
Advanced Microanalysis Facility. Movement into the facility began in August 1999 
from ALC locations. SEDD personnel who moved from Fort Monmouth, NJ and Fort 
Belvoir, VA to a temporarily leased Shady Grove laboratory facility, were the first sci- 
entists and engineers to  relocate into the Zahl Physical Laboratory. The Shady Grove 
facility was completely vacated in February 2000. 

The future mission of ARL is not only influenced by Army directives. During the 
early years of Whalin's tenure, ARL recognized that despite the reputation of the 
scientists and engineers on staff, it still faced challenges regarding personnel, as  the 
retirement process threatened to  reduce both the scientific and organizational 
knowledge base. This will occur a s  the need for skilled, specialized scientists con- 
tinues to increase. To this end, ARL initiated or revitalized several personnel pro- 
grams designed to  ensure its position a s  a top recruiter of scientific talent. Perhaps 
the most significant of these was the Science and Technology Academic 
Recognition System (STARS), which recruited minority scientists and engineers to  
ARL. The dual fellowship/recruitment initiative assisted top students from ARES 
partner schools in Historically Black Colleges and Universities and Minority 
Institutions. All of these programs clearly recognize that the U.S. military must stay 
ahead of the world not only in military technology, but also in the quality of scien- 
tists developing that technology. 





A t 8:45a.m. on 11 September 2001, terrorists crashed American Airlines Flight 
11 into the World Trade Center's North Tower. While Americans scrambled 
to  make sense of what had happened in downtown Manhattan, a second 

plane, Flight 175 of United Airlines, crashed into the South Tower only 18 minutes 
later. The horror in New York was compounded at 9:43 a.m. when American Airlines 
Flight 77 slammed into the Pentagon. In 58 short minutes, the United States had 
been significantly attacked on its own soil for the first time since Pearl Harbor in 
December of 1941. Americans knew the country was at war. 

ARL's response to these events was twofold. First, the Emergency Operations 
Center (EOC) was up and running at 10:30a.m. that day, less than an hour after the 
attack on the Pentagon. The EOC has several roles: maintaining secure communica- 
tions, coordinating all Enduring Freedom/Noble Eagle support, and maintaining 
records and documentation of all its efforts. In addition, the EOC has worked on a 
number of major projects since its inception. One was the development of emer- 
gency procedures to cover a spectrum of possible threat contingencies. Personnel 
assigned to the EOC have been working closely with representatives from every 
staff element to develop these procedures. Almost all either have been tested 
through various real-world events or war-gamed for validation. The EOC is refining 
all of its procedures. Another project involved the successful development of reli- 
able communications architecture for both unclassified and classified e-mail. 
Consequently, ARL now has virtually instantaneous access to the various DoD 
resources. A third major project was the identification and justification of force pro- 
tection augmentation. The project resulted in the approval of thirty activated 
National Guard soldiers and four Individual Mobilization Augmentees (IMAs) to  sup- 
port ARL at Adelphi. 

While ensuring the security of the American homeland was the first priority imme- 
diately following the attacks, it became clear that the U.S. military would have to  
mobilize offensive efforts in order to undermine A1 Qaeda's base of operations in 
southwest Asia. As DoD and various other federal agencies fortified America's 



rra How has the war an terrorism 
ed ARL? 

,Well, it's going to impact everybody in 
untry. But we are much more conscious 

about the intarnational security fronf about all 
grpes of operational security. It doesn't mean 
chat we need to close down our research - 
especially aur basic mseareh - because research 
adwnces are internationai.Aa much as we might 
like to think so, we donL have the cwner on all 
the smart people in the world, and indeed 
research thrbes in an apen a d  competitive 
envimnnrem 

Has AF4b mission been affected? 

lM Ilr Our Army vision and Army doetrine 
had already talked about all of the various new 
missions of the Army, the much more inmse 
pace of operations, and all the different kinds of 
operatiom we are i n ~ h d  in - peacekeeping 
operadons, our current war an termrkm, 
(which Is in a sense, more the same in that it 
focuses on small operatian8 as opposed to a 
major cheater of war) . Mare agile operations 
could mean peacehepi* sr special forces 
aperations.You wodd think that might have 
b m  vlniwwr post 91 I I rahr than pre-911 I. So 
I think our new Army vision of the past three 
years, which focuses on aghy, on deployability, 
on lethality, communications was absolutely 
am&& on target. 

Wlh*-k We have #me a long way in the last 
taward ach ing  a much more integrat- 

ed and seamless integmion bf the talents of 
each of the major segmene of our research 
establishment, and , in facr, I believe that this is a 
very critical thing indeed for the United States' 
position as a world econamic power. 

defenses, a measured and expeditious review of the evidence 
from September 11 th was underway. Then, on Sunday, 7 
October, Americans turned on their television sets, expecting 
to watch their favorite football teams. Instead, they were 
greeted with a preemption by the broadcast networks, and an 
announcement from President Bush: "On my orders, the 
United States military has begun strikes against A1 Qaeda ter- 
rorist training camps and military installations of the Taliban 

, regime in Afghanistan. These carefully targeted actions are 
designed to disrupt the use of Afghanistan as a terrorist base 
of operations and to attack the military capability of the 
Taliban regime." The war that had been brought home to 
American soil would now be fought abroad and would involve 
a massive mobilization by American armed forces. 

In his speech, the President focused on the American armed 
forces, and the sacrifice asked of them in the ongoing conflict. 
Addressing them, he indicated: "to all the men and women in 
our military - every sailor, every soldier, every airman, 
every Coast Guardsman, every Marine - I say this: Your mis- 
sion is defined. The objectives are clear. Your goal is just. You 
have my full confidence, and you will have every tool you 
need to carry out your duty." Much of the technology intend- 
ed for Army Transformation would now be deployed to assist 
American soldiers in carrying out their duties. 

While ARL's immediate contributions were important in facili- 
tating coordination among DoD agencies and securing the 
research being done at ARL facilities, its most important mis- 
sion in the coming years will be to continue to provide the 
tools the President mentioned in his 7 October speech. As the 
past ten years have shown, this technology is essential, both 
in the war on terror and the defense of American interests at 
home and throughout the world. The new campaign marks a 
transition in American military priorities, as  the primarily 
peacekeeping emphasis of the 1990s makes room for the addi- 
tional need for the United States to wage an offensive war. 
Technologies meant to protect American soldiers were now 



nalwes to enable Armv Transformation. 

accompanied by technologies developed to identify enemies 
and to help coordinate the United States' global responses 
and initiatives in the war against terrorism. 

Since the terrorist attacks, U.S. armed forces have engaged in 
two major operations - Operation Enduring Freedom in 
Afghanistan (OEF) and Operation Iraqi Freedom (OIF). ARL 
participated in the development of several technologies that 
were fielded in these operations to assist soldiers in carrying 
out mission objectives. In Afghanistan, the acoustic battle- 
field aid, which uses acoustic sound to identify areas where 
U.S. military assets can and cannot be detected, was 
deployed to the 25th Marine Expeditionary Force. The search 
for top Taliban and A1 Qaeda leaders was further assisted by 
the use of PacBots, which were developed in coordination 
with DARPA and manufactured by iRobot. These small robots 
were deployed to Afghanistan to clear caves and buildings, 
marking the first time that the U.S. military used robots as a 
combat tool. The robots were integrated with AF&developed 
sensors prior to deployment. Finally, the deployment of the 
already heralded FALCons to soldiers enabled them to trans- 
late scores of documents left behind by the Taliban regime. 

While OEF utilized these technologies so as to end A1 Qaeda 
operations in Afghanistan and stabilize the new regime, 
Operation Iraqi Freedom would see a more extensive use of 
ARL-developed technology in combat operations. While an 
exhaustive list of these technologies is unavailable due to the 
ongoing conflict, among technologies fielded were the 
Integrated Meteorological System (IMETS), which provided 
operational weather forecasts and predicted weather pat- 
terns in the battlefield. ARL has worked on technology 
enhancements to address specific areas identified by soldiers 
such as forecasting high wind events and dust dispersion - 
critical weather factors in the Iraqi desert. The system was 
deployed to the 3rd Infantry Division, the 173rd Airborne 
Brigade, the lOlst Airborne Division, and Coalition Land 
Forces Component Command. Further, the PILAR/Acoustic 

r How have recent historical develop- 
meno affected what you do a t  HRED? 

The N o r  impact has been on the 
increased peacekeeping that the Army has been 
called to do through the 90's. Bosnia has been 
more of an influence than 91 1 I, although the 
911 1 impact will be seen in the coming years. 
There is more investment in the human behav- 
ior and intelligence-gathering process. 

Looking to the future, with the 
emphas~ on the individual soldier, how do you 
hagine techn~logy changing? 

r Over the last two years, there is more 
=,,ZSS of task workload issues with dis- 

mounted soldiers.There had been a presump- 
tion that i f  it worked on a desktop or in a crew 
station, dren it should work on a dismounted 
soldier. Conceptually, to  some extent, that's 
true, except for the interaction between physi- 
cal wotk and cognitive capacity, and as we carry 
a backpack or  just physically go through a race, 
we don't have the cognitive perspective we had 
before the race or before the 20-mile *.And 
that really affects how weU we're going to be 
able to  use Information technology.There is also 
a new appreciation for team processes, team 
sharing of information in infantry squads. 



R; Nhat is the significance of your uirec- 
torate to contemporary technological develop- 
ment? 

mane of infortumkion techel- 
ogy-oriented research is pretty evident now. 
Anything you touch now is computers, and 
things like information fusion. data fusion, are 
getting to be more involved in problems within 
the battlefield. 

-What is one example of a specific 
>merit in your field in the past ten years? 

The area of information assurance, an 
area that didn't exist I 0  years ago in most peo- 
ple's minds. But it became an important com- 
modity because more and more in the Army, we 
are making decisions based on the information 
A=* i= provided to  us. 

:The other thing that we have done here 
in t,, past ten years is the contributions we 
have made to the Army and the DoD communi- 
ty in terms of computationat appllcacions - sci- 
ence and engineering applications based on 
computational science. We believe strongly that 
by using simulation tools, using high perform- 
ance computing. we can reduce the time frame 
from research to acquisition through computer 
simulation. 

Gunfire Sniper Detection System was fielded to the U.S 
Special Operations Command. Developed in conjunction with 
Program Manager, Close Combat Systems, ARDEC, the sys- 
tem, which includes both ground-based and vehiclemounted 
variants, uses the sound of a small arms weapon or bullet in 
flight to  provide the relative azimuth, elevation and range of 
the origin of the shot - a technology which will prove increas- 
ingly important in the U.S. Army's stabilization and peace- 
keeping missions in Baghdad and other Iraqi urban areas. 
Finally, ARL helped develop the M152 Remote Activation 
Munition System (RAMS), which functions as a remote deto- 
nator for explosives and the operation of electronic items. It 
has also been fielded to the U.S. Special Operations 
Command, which praised the system as  a "vital advance in 
technology for the Special Operations Forces in their mis- 
sions ranging from humanitarian assistance to counter-insur- 
gency to low intensity conflict to full scale war." 

ARL is committed to  providing the technological underpin- 
nings to systems being developed, improved, or recapitalized 
by its customers-principally the Army's research, develop- 
ment and engineering centers. Its mission will continue to be 
to "execute fundamental and applied research to provide the 
Army with the key technologies and the analytical support to 
assure supremacy across the spectrum of military opera- 
tions." The ARL team's current interpretation of this mission 
is "Provide innovative science, technology, and analyses to 
enable Army Transformation." Its more than 2,000 employees 
(of which 1,250 are engineers and scientists) will continue 
their diligent efforts in support of the defense of both 
America and its soldiers. Further, a s  the Army leader in imple- 
menting innovative cooperative agreements (such as  the 
Federated Laboratory and its follow-on, the Cooperative 
Technologies Alliances), ARL will continue to facilitate the 
combination of talents and resources of government, industry 
and academia to perform advanced research in communica- 
tions, displays, sensors, robotics, and power and energy. The 
Laboratory has a large number of agreements with research 



ARL's Major Shared Resource Center is one o f  the world's 
top 10 most powerful computing sites. 

universities, including one with the Massachusetts lnstitute of Technology for the 
lnstitute for Soldier Nanotechnologies. ARL and the Army Natick Soldier Center will 
work with MIT to equip future soldiers in uniforms and gear that can heal them, 
shield them and protect them against chemical and biological warfare. 
Among some of the many technologies ARL will provide in the coming years are the 
following: 

Lightweight Vehicle Armor Technology 
ARL is engaged in a joint effort with the Tank-Automotive RDE Center to develop 
ballistic protection technologies for medium and lightweight future ground vehi- 
cles. The primary goal is to develop armor technologies necessary to field surviv- 
able Future Combat Systems for the Objective Force. ARL is integrating advanced 
materials, structures, and armor concepts to  provide lightweight protection against 
future medium-caliber cannon threats, residual debris from defeat by active protec- 
tion systems of largecaliber kineticenergy penetrators, light and medium shaped- 
charge warheads, top-attack munitions, and anti-vehicle mines. 

Improved Individual Ballistic Protection. 
ARL is developing ballistic protection technologies critical to individual soldier pro- 
tection. These technologies will be transitioned into Natick Soldier Center develop- 
mental systems. These efforts are leading to  development of prototype protection 
configurations consistent with Natick Soldier Center technology insertion require- 
ments for personnel armor systems that can defeat emerging ballistic threats at sig- 
nificantly reduced weights. Personnel threats this program is aimed at defeating 
include conventional fragmenting munitions and bullets, emerging low-mass/high- 
density fragmenting munitions, and emerging armor-piercing tungsten-core rounds. 

Novel Lethal Mechanisms for Gun and Missile Systems 
ARL is the Army's leader in the investigation of terminal effects of direct-fire arma- 
ment systems and the application of that knowledge to develop lethal mechanisms 
for penetrators and warheads delivered by large-caliber gun systems or small and 
medium missile systems to defeat all classes of armors. ARL's anti-armor research 
program is directed toward increasing the lethality of kinetic-energy penetrators, 
shapedcharge warheads, and explosively formed penetrators without seriously 
increasing the vulnerability of the weapon system. Technologies developed in this 
program are critical to weapon system developments at the Army Armament RDE 
Center and the Aviation and Missile RDE Center - including the Compact Kinetic- 
Energy Missile (CKEM), Tank Extended-Range Munition (TERM), Line-of-Sight Anti- 
Tank Missile (LOSAT), and Advanced Kinetic-Energy Penetrator. 



1 in many ways, ARL will best contribute to America's mission abroad.. 

B chat will enable the war 
fighter to have automated, near perfect informa- 
tion of the battlefield in all environments. 
Automatim of sensors is the key to the digi- 
tized battlefdd. 

that ensure the right 
information gets to thk right place at the right 
time, regardless battlefield environment 

that significantly reduce 
the force structure required to pmcess, in ml 
time, the vast quality of information required to 
provide the commander 'Yirst hand knowledge" 
of the fast-paced, widely dispersed opeations of 
the future battlefield. 

to turn this "tint 

hand knowledge" of the battlefffld into actions 
at d l l  allow our forces to move from today's 
"quick draww engagements to a "hunter and the 
huntedn type of engagement in the future. 

by continuing the initiatives it ha 

Electrothermal-Chemical Gun Technology 
for Multirole Armaments 

ARL is developing Electrothermal-Chemical (ETC) propulsion 
technology for enabling significant lethality enhancement in 
current and emerging direct-fire armament systems. ETC is a 
hybrid gun propulsion concept that utilizes electrical energy 
to augment and control the release of chemical energy from 
propellants to  achieve significant performance enhancements 
in existing and emerging large-caliber gun systems. 

I Alternatively, ETC technology permits equivalent lethality in a 
1 smaller gun caliber to that of current large-caliber guns. Thus, 
1 this technology is not only applicable to mediumxaliber 
1 armaments for Future Combat Systems, but it is also a key to 

achieving significantly improved performance of the large-cal- 
iber gun of the current Abrams tank fleet or as  a technology 
enabler for emerging medium-weight combat vehicles. 

Micro turbine Engines 
Gas turbine engines power the Army's Apache helicopters 

I 
and MIA2 Abrams tanks. But someday, a gas turbine engine - 
a microturbine-might replace the batteries to power your 

! portable radio or CD player. In the future, the individual sol- 
dier's equipment, a s  well as  commercially available items, 

I 
1 might be powered by a microturbine. This technology repre- 

sents an innovative approach to providing a power source 
that potentially has some five to 10 times the energy density 
of batteries. 

Fuel cells 
Simple devices capable of directly converting the chemical 

' 
energy of a fuel into electrical power and water - offer several 
advantages over batteries as  potential power sources. They 

' are more efficient than combustion technology and, since a I 
fuel cell generates electricity without combustion, it does not 
produce air pollutants. Fuel cells are expected to be an impor- 
tant component providing electrical power to the Army - large 
scale for vehicle mobility and small scale for the individual 
soldier. However, the development of improved hydrogen 



Qcused on in the past ten years. 

sources for hydrogen-air fuel cells and the development of 
membrane electrolytes and electrocatalysts for direct 
methanol fuel cells remain a challenge. ARL is developing 
more efficient catalysts, membrane electrolytes and reforming 
logistic fuels to provide the hydrogen source for hydrogen fuel 
cells. ARL's Small Business Innovation Research Program has 
produced several prototype direct methanol fuel cell systems. 

Robotics 
ARL is executing DoD's Ground Vehicle DEMO 111 program. 
Robots are expected to serve as  force multipliers on the 
future battlefield by augmenting human forces in high-risk 
missions. They will also expand a unit's capabilities by 
increasing situational awareness, providing remote fires on 
demand and reducing the logistics burden by shrinking the 
size of combat vehicles. A major thrust of the program is to  
integrate new technologies on the testbed vehicles. 
Interaction between the robots and the soldiers is a major 
requirement s o  soldiers will be able to  supervise operation of 
the robots rather than directly control them. 

Cognitive Engineering 
Scientists at ARL are researching various aspects of human 
performance on the battlefield to optimize the soldier- 
machine interaction, s o  that technology can maximize the sol- 
dier's effectiveness. Soldiers increasingly are being over- 
loaded with information on the battlefield, but they still have 
to  d o  a basic job, namely locate and destroy the enemy. 
Cognitive load is an important issue that must be  weighed 
because if too much information is provided, the soldier 
could lose the focus of his main objective. 

ARL and the Army Natick Soldier Center will 
work with MIT to equlp future soldiers with 
uniforms and gear that can heal them. shield 
them and protect them against chemical and 
biological warfare. 

MIT won the Army competition for the fire- 
year, $50 million proposal for an Institute for 
Soldier Nanotechnologies (ISN). Industry will 
also contribute an additional $40 million in 
funds and equipment. Raytheon, DuPont and 
Massachusetts GeneralIBrigham and Women's 
Hospital are Founding Industry Partners with 
the insdtw. 

The ISN will focus on six key capabilities.They 
are threat detection, threat neutralization, con- 
cealment, enhanced human performance, real- 
time automated medical treatment, and reduced 
logistical footprints (reducing the weight load 
for a fully-equipped soldier). 

To address these, there wlll be research teams 
addressing seven technology areas.They are 
energy absorbing materials, mechanical active 
materials for devices and exoskeltons, detecton 
and signature management, biomaterials and 
nanodevices for soldier medical technology, 
process systems for manufacture and processing 
of materials, modeling and simulation, and sys- 
tems tntegration. 

In addition to military use, great potential is 
anticipated for civilian use in areas such as med- 
ical ueatrnent and police and emergency work- 
er protection. 





Appendix I: ARL Organization L 

T he U.S. Army Research Laboratory (ARL) is the Army's corporate laborato- 
ry. Its mission is to provide innovative science, technology and analyses to 
facilitate the execution of full-spectrum operations, enabling Army 

Transformation and assuring America's supremacy in future land warfare. ARL pro- 
vides the technological underpinnings to  systems being developed, improved or  
recapitalized by its customers-principally the Army's Research, Development, and 
Engineering Centers (RDECs). ARL constitutes the largest source of science and 
technology research and development in the Army. Its more than 2,000 employees, 
of whom more than 1,250 are engineers and scientists, perform at world-class facili- 
ties. Headquartered in Adelphi, MD, ARL occupies major sites at Aberdeen Proving 
Ground (APG), MD; Research Triangle Park (RTP), NC; and White Sands Missile 
Range (WSMR), NM. ARL also operates research elements co-located with the 
National Aeronautics and Space Administration (NASA) in Cleveland, OH, and 
Langley, VA. ARL is organized into six directorates and the Office of the Director, the 
Director's Staff, the Office of the Chief of Staff and the Army Research Office. 

The Computational and lnformation Sciences Directorate (CISD) plays a key role 
in information sciences and technology research within the Army and the 
Department of Defense @OD). CISD promotes the use of high performance comput- 
ing technologies across ARL Directorates, AMC RDECs, and the Defense test and 
evaluation community; critically reviews the current Major Shared Resource Center 
(MSRC) hardware and software architecture and develops a strategic plan for the 
MSRC future; and upgrades ARCS technological infrastructure. CISD also supports 
the Director's "One ARL" concept by providing the policies, plans and execution for 
modernizing the laboratory's next generation information technology (IT) infra- 
structure. 

With a research mission focused on battlefield communications and networks, data 
fusion and knowledge management, battlespace weather and environmental effects, 
and computational science and engineering, CISD provides the Army with the nec- 
essary advances in IT to transition to  the Objective Force. CISD operates the ARL 
DoD MSRC, the Army High Performance Computing Research Center (AHPCRC) and 



the ARL Collaborative Technology Alliance in Communications and Networks. 

The Office of the Chief of Staff (CoS) consists of subordinate offices, each with 
specific missions. The Commander leads the corporate level coordinating staff and 
select elements of the Special Staff to maintain the full spectrum of ARCS business 
operations. These elements include the Chief Counsel Office and the Public Affairs 
Office. The Commander also develops productive staff relations with higher head- 
quarters and ensures that taskings and suspenses are completed on time. In addi- 
tion, the Commander directly oversees the Adelphi Laboratory Center (ALC), 
including Blossom Point, providing operational and logistical support. 

The Survivability and Lethality Analysis Directorate GLAD) focuses on materiel 
acquisition programs, including soldier survivability assessments and support for 
the Army's survivability, lethality and vulnerability (SLV) analysis program require- 
ments. Both DoD and the Army recognize that the survivability and lethality of our 
systems and soldiers are critical to the success of the Army and the Army 
Transformation, and SLAD is the only source within the Army that meets the DoD 
regulatory requirement for a fully integrated analysis of survivability and lethality 
across all threats. 

The directorate performs information operations, vulnerability assessments, elec- 
tronic warfare investigations and survivability analyses, thereby reducing the over- 
all cost by identifying vulnerabilities and solutions early in the design phase. 
Research generated by SLAD provides support assessments for major military mile- 
stone decisions. SLAD also investigates new technologies, which could radically 
change the way combat simulations and war games use key data to evaluate the 
survivability of the Objective Force. It provides the ultra-realistic portrayal of dam- 
age within Army simulations to  support training, mission rehearsal and develop 
ment of battlefield tactics. 

Scientists and engineers working for SLAD rely on modeling and simulation s u p  
ported by laboratory and field experiments. Tests and model predictions are also 
performed in support of congressionally- mandated ballistic live fire testing. SLAD's 
contribution is essential to the successful implementation of the Army 
Transformation Campaign Plan. Its efforts will lead to the survivability of systems, 
such as the Future Combat Systems (FCS). SLAD also conducts objective and inte- 
grated survivability and lethality analyses (SLA) on systems of the Interim and 
Objective Forces of Army Transformation and other major and designated non- 
major Army systems. The analyses quantify the effects of electronic warfare, infor- 
mation warfare, ballistic battlefield threats and meteorological conditions on Army 



individual soldiers and systems. 

The Weapons and Materials Research Directorate (WMRD) strives to understand 
the fundamental aspects of chemistry and microstructure that influence the per- 
formance and failure mechanisms of advanced materials such as ceramics, 
advanced polymer composites, advanced metals and multifunctional materials. 
Coupling theoretical and experimental studies with advanced high performance 
computing and state-of-the-art experimental facilities, WMRD focuses applied 
research on future combat vehicle protection, integrated personnel protection, 
unmanned ground vehicle (robotic) technologies, advanced lethality concepts, 
smart weapons and munitions, weapons for the light forces and advanced materials 
for armor and armaments. 

The formation of WMRD from the former Ballistics Research Laboratory and the 
Materials Technology Laboratory combines the Army's ballistics and materials 
resources at APG. To assure dominance on the future battlefield, WMRD provides 
the science and technology that make the individual soldier and the Army's future 
weapons systems more lethal, survivable, and strategically deployable. More than 
325 scientists, engineers, and technicians focus research efforts on the Army's 
unique and emerging needs for advanced armor and armaments technologies. In 
partnership with the Army Research, Development and Engineering Centers, indus- 
try, national labs, academia, and appropriate foreign institutions, WMRD provides 
the Objective Force and Army Transformation with enabling technologies that will 
revolutionize the lethality and survivability of America's ground forces. The direc- 
torate is currently organized into three divisions that address weapons materials 
research and technology, ballistics and weapons concepts, and terminal effects 
phenomenology. 

One of today's most difficult challenges is to ensure that the Army's Future Combat 
Systems will have the same survivability that is provided in the seventy-ton Abrams 
main battle tank. In pursuit of this goal, WMRD executed an aggressive research 
program to provide technologies for active protection against large caliber kinetic 
energy penetrators. WMRD offers responsive solutions and enabling technologies 
for a more lethal and survivable land force comprised of Future Combat Systems 
and manned by the Objective Force Warrior. However, WMRD efforts also support 
ongoing peacekeeping efforts in Bosnia and Kosovo and the war in Afghanistan con- 
ducted with Legacy Force equipment such as the Bradley Fighting Vehicle. 
Additionally, WMRD supports the near-term development and fielding of state-of- 
the-art combat systems such as the Comanche helicopter. WMRD also manages the 



Robotics Collaborative Technology Alliance. 

The Vehicle Technology Directorate (VTD) conducts basic and exploratory 
research in structural and propulsion technologies. Structural research is per- 
formed at the NASA Langley Research Center in Hampton, Va., where Army and 
NASA scientists and engineers work jointly on programs involving structural 
mechanics and integrity, airlground vehicle loads and dynamics, crashworthiness, 
active noise and vibration control, and non-destructive evaluation methodologies. 
This research provides the technology needed to extend the life of existing Army 
vehicles and to design affordable future platforms with greater durability, lighter 
weight and improved crashworthiness. 

Propulsion research is carried out at the NASA Glenn Research Center at Lewis 
Field in Cleveland, Ohio. At NASA Glenn, the technical areas involve gas turbine 
engine components, propulsion materials, mechanical components, and propulsion 
system concepts. 

The Army partnership with the NASA research centers began in 1969 and has been 
an enduring success story ever since. The arrangement has enabled Army scien- 
tists and engineers to leverage specialized NASA research facilities and to collabo- 
rate on joint programs with highly regarded national and international experts in 
air and ground vehicle technology. VTD research areas include aerodynamics, flight 
controls, propulsions, structures, and transmission technologies. 

The Sensors and Electron Devices Directorate OEDD) serves as the principal 
Army organization for research and development in sensors and electron devices 
technology, ensuring U.S. military superiority and providing the Army with afford- 
able technology for sensing, communications, threat engagement across the elec- 
tromagnetic spectrum of the battlefield, and in power and energy to provide the 
soldier with reliable, affordable and portable power. SEDD also manages the 
Advanced Sensors and the Power and Energy Collaborative Technology Alliance. 

SEDD focuses on research and development initiatives that contribute to technolog- 
ical advancement in solid-state physics, radiation effects, electro-chemistry (includ- 
ing fuel cells technology and power conversion), high frequency electronics, pho- 
tonics, microelectromechanics, wide-band-gap electronic materials, nanoscience, 
optoelectronics, biodetection, display phosphors, and fabrication process sciences. 
Research and development results are applied toward Army requirements that 
include portable power resources, cooled/uncooled infrared detectors, lasers, opti- 
cal systems, signal processing, fire control, guidance, fuzing application, network 



sensors, and microwave and millimeter devices. 

Recent SEDD accomplishments include dual-band and hyperspectral infrared 
imagery, infrared detectors using self-assembled semiconductor quantum struc- 
tures, radar cross-section modeling, subwavelength optics, quantum cryptography, 
automaticlaided target recognition (ATR), scannerless ladar, micro electro-mechani- 
cal systems (MEMS) modulating flux concentrator, piezoelectric MEMS for sensors 
network, a new high energy "air" battery, non-flammable electrolytes for high ener- 
gy rechargeable batteries, fuel cells for the dismounted soldier, networked sensors, 
passive millimeter wave imaging technologies, multi-function radio frequency 
(MFRF) program, and active-protection technology-kinetic energy threats. 

The Human Research and Engineering Directorate @RED) ensures that soldiers 
can operate effectively on the high-technology battlefield with enhanced survivabil- 
ity in its lethal environment, while reducing their equipment weight and workload. 
Formed from the former Human Engineering Laboratory (HEL) and parts of the U.S. 
Army Research Institute (ARI), HRED combines the Army's human factors and 
Manpower and Personnel Integration (MANPRINT) resources at APG. 

HRED executes a broad-based program of basic research and technology develop 
ment with the objective of optimizing soldier performance and soldier/machine 
interfaces for maximum effectiveness. Extensive research in human perceptual, cog- 
nitive, and psychomotor performance builds the framework for human factors and 
MANPRINT advances, thus improving the effectiveness of fielded and developmen- 
tal systems. HRED also provides Program Executive Office (PEO) Aviation with 
MANPRINT and Human Factors Engineering Support for the effective integration of 
aviation crews in the Comanche helicopter. 

Headquartered at APG, MD, HRED also operates 21 field elements co-located at 
TRADOC Centers and Schools, AMC Research, Development and Engineering 
Centers (RDECs), and developmental and operational test centers. An estimated 30 
percent of HRED staff is dedicated to understanding operational issues and 
addressing current and future human factors challenges with Army systems. HRED 
manages the Advanced Decision Architectures Collaborative Technology Alliance. 

The U.S. Army Research Office (ARO) ARO has enhanced Army capabilities 
through scientific research for the past 50 years by selecting and funding basic 
research proposals from educational institutions, nonprofit organizations and pri- 
vate industry. Its research represents long-range Army views for technology 
changes. 



ARO competitively selects and funds basic research proposals from educational 
institutions, nonprofit organizations and private industry and is the only Army 
organization that transcends all of the military's mission areas: fire support, close 
combat, air defense, combat support, combat service support, soldier support, and 
command, control and communications. 

The primary ARO program provides basic research that responds to the Army's 
operational requirements, while ARO's system of peer review and consulting with 
scientists successfully and consistently produces outstanding scientific work. 
Among the projects that ARO is currently supporting are a compact power source 
for an individual soldier to operate high-tech equipment; the integration of an elec- 
tro-optical clothing system for climate control and protection and for monitoring 
the health and physiological conditions of a individual soldier, a patient or an ath- 
lete; the control and use of a single atom to  detect underground structures from 
space; and quantum computing that will revolutionize computing as  we know it. 

Headquartered in North Carolina's Research Triangle Park, ARO also has offices in 
Washington and Tokyo with a total workforce of approximately 100 employees, 
including more than 40 scientists and engineers. ARO draws on the talents of 
experts at the University of North Carolina at Chapel Hill, North Carolina State 
University, Duke University and private high-tech organizations in the area. 







Below are the remarks of Dr. Robert 
Whalin, Director of ARL, 1998-2002. 
This is a great day for the Army Research 
Laboratory, a day to celebrate 10 years of 
contributions to  the Army. I welcome each of 
you who have joined us for the occasion. 

There are several people in the audience who 
deserve special recognition today. I would 
ask them to stand as I call their name. 

An organization such as ARL could not exist 
without the support of advocates in the high- 
er headquarters. We are delighted today to 
welcome Dr. William Berry from the Office of 
the Deputy Undersecretary of Defense for 
Science and Technology. From the Army 
Secretariat we have Mr. James Inman, the 
Department of the Army's Director of 
Acquisition Policy. And Dr. John Parmentola 
from the Office of the Deputy Assistant 
Secretary of the Army for Research and 
Technology. 

ARL is the first step in the Army's research 
and development program. Our work has to 
be handed off to commodity commands, 
which translate our early efforts into items 
used by soldiers. A close tie and careful coor- 
dination with these commands is essential. 
We recognize several key officials from these 

commands: From the Tank Automotive and 
Armaments command-Dr. Richard McClelland 
and Dr. Walter Bryzik. From the Aviation and 
Missile Command- Dr. William McCorkle. 
From the Communications-Electronics 
Command- Mr. Walter Kasian. We also wel- 
come Dr. Paul Dietz, the Director of the Army 
Materiel Systems Analysis Agency and Dr. 
Paul Ehle, Deputy Chief of Staff for Research 
and Development, Acquisition, and Science 
and Technology from the Army Materiel 
Command. 

One of the hallmarks of ARL is the relation- 
ship with outside research activities such as 
universities and colleges and other federal 
laboratories. We have several attendees rep- 
resenting these constituencies: From the 
Institute of Advanced Technology at the 
University of Texas at Austin- Dr. Harry Fair. 
From the University of New Mexico-Dr. 
Arthur Guenther who is a member of our 
Technical Advisory Board from RCI, a con- 
sulting group that has been instrumental in 
helping shape ARL's vision-Mr. Steven Bills 
and Major General, retired, Ralph Wooten 

I am particularly delighted to see so  many 
retired ARL employees who have returned to 
share in today's proceedings. I would recog- 
nize: Mr. Bruce Fonoroff, Dr. John Frasier, Dr. 



Wes Kitchens, Dr. hgo  May, Mr. BiH We have the last c6mrnander of the labora- 
Mennagen, Ms, Renata Price, and Dr. Clare toty command, retired Major ~ e n e r a l  
Thornton. Ms. Price was actually not an Patrick Kelly. Mr. Richard Vitalt was the first 
ARL employee but was at the headquarters acting director of the Army Research 
of the Army Materiel Commaud. however, Laboratory. we owe much ta  these two for 
she was such a supporter of PJiL t passing t m o 
will always consider her one of us. ARL. 

The noncommisioned officer is truly the The most important participants at today's 
backbone of 4he Army. In our audience ceremqny are the workforce of ARL, Wauld 
today we have: our p s e n t  sergeant Major, all of fbe present employees of ARL please 
Enoch Godbolt, the Sergeant Major of the stand to be recognized?  hank you. 
first battalion of the 216th Artillery, the unit I have a friend who was telling me about 
that provides pratection for ARL, the birthday party of his 1'0.year-old grand 
Command Sergeant Major Glaztler, daughter. He related the excitement of s 
We have two,of our retired sergeant majors ing her at birthlor the first time and the 
with us: Sergeant Major James Tobiasz and satisfaction oLwatching her grow into a 
Comtriand Sergeant Major George Hdwell. polished and vivacious,young,lady. He 

The 389th Army band under direction of remwbered the-good times, and the bad 

Sergeant Justin Searle has made this times of her life: of scoring the highest 

ing a festi oints in fhe regional diving Competition, of 

music7 ot making the schod socder !earn, of win- 
ning three awards for academic achieve- 

In my time as the director of AfU I have ment at the end of foufth grade, of bringing 
been strongg impressed by the support home a less than satisfactory report card in 

, , our local congressional delegation. We have conduct, of friendships that appear liable 
anes with to last a liletime, of friendships tKat went ' 

lield repre bad,. All the typical ups and downs of a 10 
year old. - 

We are particularly delighted that Mr. However, with a11 the looking back the 
' ThomAs E. Dernoga, the council member ' thought that most him was the 

from district: one to the Prince George's incredible future the 10 year old faced. She 
County Council could join us' toda could be whqtever she wpnted to be: XJ 

You will hear later in the ceremony aSirgpaut, a doctgr, a earifig mother, a sob 
era1 reorganizations of units that eventually dier, a teacher, a scientist or engineer, a 

led to Am. The major unit immedigtej$ pre- writer or artist. And she could play these 

ceeding ml was the laboratory cornand.  roles in a world perhaps different thafi we 
1 
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numerous and include such well-known 
organizations as: the Harry Diamond a repo~sibility of each worker in ARL. These 
Laboratories, the BaRistic Research lare themes you will hear from both of our 

Army's central research laboratory. As o 
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