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PREFACE 

The High-Altitude Endurance Unmanned Aerial Vehicle (HAE UAV) 
Advanced Concept Technology Demonstration (ACTD) program in- 
corporated a number of innovative elements into its development 
strategy. As a condition of conducting this ACTD, Congress required 
that an independent third party study its implementation. RAND 
was chosen for this role and has been following the HAE UAV ACTD 
program since its inception.1 

The joint program was conducted until October 1998 under the di- 
rection of the Defense Advanced Research Projects Agency (DARPA) 
and the Defense Airborne Reconnaissance Office (DARO) and was 
then conducted under the U.S. Air Force through the completion of 
the ACTD. RAND's initial research covering Phase I and most of 
Phase II was sponsored by DARPA; the Air Force sponsored RAND's 
effort through the completion of the ACTD. 

The core objective of the research was twofold: to understand how 
the innovative acquisition strategy used in the HAE UAV ACTD pro- 
gram affected program execution and outcomes, and to draw lessons 
from this experience that could be applicable to the wider acquisi- 
tion community. Four reports were written at the conclusion of the 
ACTD. Three of these documents addressed specific aspects of the 

lSee Geoffrey Sommer, Giles K. Smith, John L. Birkler, and James R. Chiesa, The Global 
Hawk Unmanned Aerial Vehicle Acquisition Process: A Summary of Phase I Experience, 
MR-809-DARPA, Santa Monica: RAND, 1997; and Jeffrey A. Drezner, Geoffrey 
Sommer, and Robert S. Leonard, Innovative Management in the DARPA High Altitude 
Endurance Unmanned Aerial Vehicle Program: Phase II Experience, MR-1054-DARPA, 
Santa Monica: RAND, 1999. 
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HAE UAV ACTD program: a description of the program's activity 
content and a comparative analysis to other development efforts; 
transition management-related issues; and an analysis of the flight 
test program. 

This report, the fourth in the series, is an executive summary that 
covers all aspects of the program. It summarizes our major research 
findings; identifies which elements of the innovative acquisition 
strategy worked well and which worked poorly; and makes recom- 
mendations for improvement. Detailed information and support 
can be found in our companion documents. 

This research was sponsored by the Global Hawk System Joint 
Program Office (GHSPO) in the Aeronautical Systems Center, 
Reconnaissance Air Vehicle (ASC/RAV) directorate of Air Force 
Materiel Command (AFMC). It was conducted within RAND's 
Project AIR FORCE, a federally funded research and development 
center sponsored by the Air Force. 

Reports in this series are: 

MR-1473-AF, Innovative Development: Global Hawk and 
DarkStar—Their Advanced Concept Technology Demonstrator 
Program Experience, Executive Summary, Jeffrey A. Drezner, Robert 
S. Leonard 

MR- 1474-AF, Innovative Development: Global Hawk and DarkStar— 
HAE UAV ACTD Program Description and Comparative Analysis, 
Robert S. Leonard, Jeffrey A. Drezner 

MR- 1475-AF, Innovative Development: Global Hawk and DarkStar— 
Flight Test in the HAE UAV ACTD Program, Jeffrey A. Drezner, Robert 
S. Leonard 

MR- 1476-AF, Innovative Development: Global Hawk and DarkStar— 
Transitions Within and Out of the HAE UAV ACTD Program, Jeffrey A. 
Drezner, Robert S. Leonard 

PROJECT AIR FORCE 

Project AIR FORCE, a division of RAND, is the Air Force federally 
funded research and development center (FFRDC) for studies and 
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analyses. It provides the Air Force with independent analyses of 
policy alternatives affecting the development, employment, combat 
readiness, and support of current and future air and space forces. 
Research is performed in four programs: Aerospace Force 
Development; Manpower, Personnel, and Training; Resource 
Management; and Strategy and Doctrine. 
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Chapter One 

INTRODUCTION AND OVERVIEW 

The United States has seen a three-decade-long history of poor out- 
comes in unmanned aerial vehicle (UAV) development efforts. UAV 
and tactical surveillance/reconnaissance programs have a history of 
failure involving inadequate integration of sensor, platform, and 
ground elements, together with unit costs far exceeding what opera- 
tors have been willing to pay. This history motivated the unique 
management approach adopted at the beginning of the High- 
Altitude Endurance Unmanned Aerial Vehicle (HAE UAV) program. 

There has also been a long history of efforts to improve the efficiency 
and effectiveness of acquisition policy, processes, and management 
for all weapon system types. Capturing the experience from ongoing 
or recently completed efforts employing nonstandard or innovative 
acquisition strategies can facilitate such improvements. This 
research contributes to that effort. Our core objective was twofold: 
to understand how the innovative acquisition strategy used in the 
HAE UAV Advanced Concept Technology Demonstration (ACTD) 
program affected program execution and outcomes, and to draw 
lessons from this experience that could be applicable to the wider 
acquisition community. 

The HAE UAV ACTD Phase I and Phase II experience has been doc- 
umented in previously published reports. Four reports were written 
at the conclusion of the ACTD. Three of these documents addressed 
specific aspects of the HAE UAV ACTD program: a description of the 
program's activity content and comparative analysis to other devel- 
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opment efforts; transition management-related issues; and an anal- 
ysis of the flight test program. This report, the fourth in the series, is 
an executive summary that covers all aspects of the program. It 
summarizes our major research findings; identifies which elements 
of the innovative acquisition strategy worked well and which worked 
poorly; and makes recommendations for improvement. 

The remainder of this chapter outlines the HAE UAVACTD program 
structure and provides a brief overview of how the program evolved. 
Chapter Two discusses the effects of the innovative acquisition strat- 
egy on key program events and outcomes. Chapter Three compares 
the experience of the HAE UAVACTD program to that of other proto- 
type and acquisition programs. Chapter Four draws some general 
lessons and makes several recommendations to improve the appli- 
cation of the strategy. 

HAE UAV ACTD PROGRAM STRUCTURE 

The HAE UAV ACTD program consisted of two distinct air vehicles 
and their respective ground segments. The Tier 11+ was a conven- 
tionally configured UAV; the Tier III- incorporated low-observable 
features into its design. Early in the program, the concept of a com- 
mon ground segment was introduced. The program was initiated by 
the Defense Airborne Reconnaissance Office (DARO) and the 
Defense Advanced Research Projects Agency (DARPA), two defense 
agencies that are not normally in the business of developing new 
weapon systems. DARPA, an agency charged with technological in- 
novation, was given program management responsibility at the pro- 
gram's inception. DARPA was expected to complete the design and 
build the first two examples of each system as well as to prove the 
basic flightworthiness of each. Both development efforts would then 
transfer to the Air Force. The U.S. Air Force, which initially had no 
stated requirement, budget, or interest in either system, was to 
complete the ACTD. 

Tier 11+ Global Hawk Program Plan 

The HAE UAV Tier 11+ program plan consisted of four phases, as de- 
picted in Figure 1.1. According to the HAE UAV Phase I solicitation 
dated June 1, 1994, the planned program structure was as follows: 
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RMDMR1473-1.1 

Program 
activities 

Deliverables 

CY 
1994 1995  1996  1997  1998  1999  2000  2001 

Phase I 

A_[A 
Initial design 

A. 
Phase II 

Design, integrate, build 

AL 
Test 

A. 
Phase III 

_A 
Build 8 air vehicles, prepare for production 

A 

AA 
2 air vehicles 
1 ground segment 

A 

j\ 
Demonstration 

2      2 2 
A   A    A 

8 air vehicles 

4 
Phase IV 

Production Production 
specification 

A 4 
2 ground segments 

Figure 1.1—Tier 11+ Schedule, Original Program 

Phase I: A six-month effort by three contractor teams to conduct 
a System Objective Review and a Preliminary System 
Specification Review. 

Phase II: A 27-month effort by two contractor teams to design 
and develop the Tier 11+ system; complete the definition of the 
system specification and all interfaces; produce a prototype sys- 
tem; and successfully complete initial flight testing. The prod- 
ucts were to be two prototype air vehicles, one set of sensors, a 
prototype ground segment, and a support segment capable of 
demonstrating initial system performance. 
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• Phase III: A 36-month effort by a single contractor team with the 
primary objective of the successful operational demonstration of 
the Tier 11+ system. The products were to be eight preproduction 
air vehicle systems fully integrated with all subsystems and sen- 
sors (except for two electro-optical/infrared [EO/IR] sensors); 
two ground segments capable of supporting the air vehicle seg- 
ments; and the provision of logistical support and planning for a 
user-conducted two-year field demonstration of the Tier 11+ sys- 
tem. This phase would include an irrevocable offer to supply ten 
air vehicle segments under Lot 1 of Phase IV for the recurring 
Unit Flyaway Price (UFP) of $10 million in FY1994 dollars. 

• Phase IV called for open-ended serial production of air vehicles 
11 and subsequent and ground segment 4 and subsequent. 

The apparent expectation was that at the end of the Phase III 
demonstration, the design would be ready for immediate serial pro- 
duction and operational use in Phase IV. 

Not unexpectedly, Tier 11+ program execution differed somewhat 
from the original plan. Five contractor teams rather than the 
planned three participated in the Phase I design competition. A 
budget cut just prior to the Phase II downselect resulted in the selec- 
tion of only a single contractor team—led by Teledyne Ryan 
Aeronautical—to proceed into Phase II, rather than the originally 
planned two contractor teams.1 Cost increases led the activity con- 
tent of the program to be changed, and schedule slip resulted in an 
extended engineering flight test effort coupled with a shortened 
Phase HI demonstration and validation effort. Nevertheless, the 
Global Hawk system did demonstrate sufficient military utility to 
transition both to the formal acquisition process and to the opera- 
tional force.2 

'Now known as the Northrop Grumman Ryan Aeronautical Center. We refer to this 
contractor as "Ryan" throughout the balance of this document. 
2For details, see Robert S. Leonard and Jeffrey A. Drezner, Innovative Development: 
Global Hawk and DarkStar in the HAE UAV ACTD—Program Description and 
Comparative Analysis, MR-1474-AF, Santa Monica: RAND, 2001; Jeffrey A. Drezner 
and Robert S. Leonard, Innovative Development: Global Hawk and DarkStar—Flight 
Test in the HAE UAV ACTD Program, MR-1475-AF, Santa Monica: RAND, 2001; and 
Jeffrey A. Drezner and Robert S. Leonard, Innovative Development: Global Hawk and 
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Tier III- DarkStar Program Plan 

The Tier III- program was a sole-source effort from its inception. 
The DARPA program office elected to award the Tier III- program to 
the Lockheed/Boeing team on the basis of prior work related to the 
Tier III concept. The initial Agreement between the program office 
and Lockheed was signed in June 1994, before DARPA and DARO had 
completed the process of defining the complete Tier III- program 
structure. As a result, the Agreement simply defined the initial phase 
of the program, referred to as Phase II throughout this report. The 
Agreement called for the design and production of two proof-of- 
concept flight vehicles, one radar sensor, one EO sensor, data links, 
and one launch control and recovery station (LCRS). No specific 
follow-on activities were described, but the Agreement stated the 
desire to rapidly and cost-effectively transition into production. 

In July 1994, DARPA and DARO signed a memorandum of under- 
standing (MOU) defining a more complete Tier III- program. 
Following Phase II, an additional program phase, referred to as Phase 
IIB, was added. Phase IIB called for the development of two to four 
additional air vehicle systems. As in the Global Hawk program, the 
apparent expectation was that the design at the end of Phase IIB 
would be ready for immediate serial production and operational use 
immediately following the ACTD. The complete original program 
schedule is outlined in Figure 1.2. 

DarkStar program execution also differed from the original plan. The 
first air vehicle flew somewhat ahead of schedule but crashed during 
takeoff for its second flight. Flight testing resumed 26 months later. 
The performance of the air vehicle in flight differed from predicted 
characteristics, causing some concern. Costs, including contractor 
cost share, increased significantly. After just six flights of the second 
air vehicle and before Phase III began, the Air Force canceled the 
program. 

The Global Hawk effort was aimed primarily at designing and build- 
ing a system that could evolve into an operational weapon system, 

DarkStar—Transitions Within and Out of the HAE UAVACTD Program, MR-1476-AF, 
Santa Monica: RAND, 2001. 
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RKHDMRU73-1.2 

CY 

1994 1995 1996 1997 1998 1999 2000 2001 

Baseline Program/Phase I 
J i_ 

Demonstration Option/Phase IIB 
__i i 1  

Production 
 i__ 

Figure 1.2—Tier III- Schedule, Original Complete Program 

while DarkStar focused more on the task of demonstrating a tech- 
nology.3 The difference in program objectives and the correspond- 
ing differences in the anticipated abilities of the two air vehicle types 
were profound. 

The HAE UAV program was designated an ACTD in the first year 
Congress authorized this development strategy. At their most aggre- 
gate level, ACTD programs are intended to provide a means for the 
rapid, cost-effective demonstration of new capabilities. Given a 
positive military utility assessment (MUA), an ACTD should acceler- 
ate the introduction of these capabilities into the military services. 
Most program participants believe that this objective was achieved 

3At the start of DarkStar development in June 1994, the government and contractor 
agreed on a program that looked much like traditional technology demonstration. In 
fact, those very words are used in the original Agreement signed by the contractor and 
government. 
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for the Global Hawk program. Most also believed that this goal 
would not have been attained in the DarkStar program even if it had 
been allowed to complete its ACTD program. 



Chapter Two 

HAE UAV PROGRAM EXECUTION AND OUTCOMES 

THE HAE UAV MANAGEMENT APPROACH WAS HIGHLY 
INNOVATIVE 

The HAE UAV ACTD program adopted a radical management ap- 
proach. While planning and design activities for both the Tier III- 
(DarkStar) and Tier 11+ (eventually Global Hawk) were ongoing at the 
time these innovations were adopted, most were fully incorporated 
into the program structure as early as the May 1994 Industry Brief. 
The elements of this approach included the following: 

• Use of Section 845 Other Transaction Authority (OTA) provided a 
blanket waiver for all DoD acquisition-related regulations and 
program management procedures, Federal Acquisition 
Regulation (FAR)-based processes (e.g., Cost Accounting 
Standards), and key legislation (e.g., the Truth-in-Negotiations 
Act and the Competition in Contracting Act). It also gave re- 
markable freedom to the government program office (DARPA at 
that time) to design a program structure and management ap- 
proach that differed significantly from traditional approaches. 

• The program's designation as an ACTD placed firm boundaries 
on total cost and schedule; streamlined reporting and oversight; 
and introduced an objective of demonstrating operational con- 
cepts and military utility. 

• A UFP of $10 million each (FY1994 dollars) for air vehicles 11-20 
was the single program requirement.   This price included all 
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flight hardware: airframe, avionics, sensor(s), communications, 
integration and checkout, and contractor profit. 

• Performance parameters were stated as goals rather than as re- 
quirements, allowing for a high degree of design flexibility. 

• The use of Integrated Product Teams (IPTs) facilitated a collabo- 
rative work environment between the multiple contractors who 
were designing and building each system as well as between the 
government and the contractors who were managing each sys- 
tem development effort. 

• The government program office intentionally remained small in 
order to encourage industry to manage the program efficiently. 

• A high degree of contractor design authority and management 
responsibility encouraged efficiency as well as both technical 
and management innovation. 

• Early user involvement was encouraged to determine military 
utility at the earliest possible point in the system's life cycle, well 
before a commitment to production was made. 

Increased contractor design and management authority resulted 
from the program office's approach toward implementing OTA. 
Early user involvement is one of the core characteristics of an ACTD 
program. We identify these elements separately because each signif- 
icantly affected the course of the program and the resulting out- 
comes. 

At the time, no other program used this combination of initiatives in 
its acquisition strategy. Indeed, with the exception of IPTs, few exist- 
ing programs had used any of these initiatives. As a result, there was 
little or no experience base on which government and industry pro- 
gram managers could draw to guide them in executing the HAE UAV 
ACTD. The management and business processes developed during 
the ACTD thus tended to be highly tailored to the perceived demands 
of the program and tended to reflect the experience and preferences 
of government and industry officials. 

Staying within the initially estimated total program cost and sched- 
ule was given higher priority than accomplishing all the activities set 
out at the program's inception. This objective was also placed above 
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achieving the technical characteristics of the system to be developed. 
The ACTD plan gave the program a total budget that was treated as a 
firm cap along with a schedule with a firm end date. Although nei- 
ther of these constraints was met in a strict sense, both were only 
slightly exceeded. The program was thus brought to a conclusion, 
and a decision was made to move into the next program phase even 
though the ACTD had not accomplished all the tasks set out for it at 
its inception. Despite such changes, the program did achieve its 
primary objective: it demonstrated the military utility of a new ca- 
pability. As a result, Global Hawk is now transitioning into follow-on 
development, and the first production aircraft are scheduled to be 
delivered in FY 2003. 

ACTIVITY CONTENT CHANGED SUBSTANTIALLY FROM 
THE PLAN 

What occurred in the HAE UAV program was in effect a continuous 
change of activity content throughout the ACTD in an attempt to stay 
within the total cost and schedule constraints defined at its incep- 
tion. The Tier 11+ program suffered a significant budget cut just prior 
to its transition into Phase II. As a result, only a single contractor was 
selected as opposed to the planned two. However, the management 
approach was not changed to compensate for the lack of competi- 
tion. The program office did explicitly state that the Tier 11+ and Tier 
III- were now in competition for future funds. Subsequently, the in- 
herently uncertain and risky activities required to design, build, and 
perform basic testing of the first two aircraft in both the Global Hawk 
and DarkStar system development efforts ended up consuming a 
much larger portion of the allotted budget and calendar time than 
had been called for in the initial plan. To stay within the ACTD's cost 
and schedule constraints, testing efforts were greatly curtailed and 
the number of systems (Global Hawk and DarkStar air vehicles and 
sensor payloads) was reduced by more than half. As a result, not all 
operational capabilities that the system might be capable of were 
given sufficient opportunity for demonstration. 

The activities accomplished in the HAE UAV ACTD program brought 
the Global Hawk system to a level of developmental maturity not 
equivalent to any milestone in the standard acquisition process. At 
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the end of ACTD, Global Hawk was not a fully developed system but 
was well along in development. Although it was not ready for pro- 
duction and did not demonstrate all that was called for in the original 
plan, its development activities provided a strong knowledge base on 
the technical and performance characteristics of the system. More 
significantly, the Global Hawk ACTD activities accomplished the 
primary objective of the program: to demonstrate the military utility 
of a new capability. As a result of its positive MUA, Global Hawk 
transitioned to the formal acquisition process and to the operational 
force. 

The early assessment for DarkStar was that the system could not be 
made militarily useful within known affordability constraints. By 
contrast, it was concluded that Global Hawk could be made opera- 
tionally suitable and militarily useful given a follow-on engineering 
and manufacturing development (EMD) program taking less time 
and funding than normally required in a traditional EMD program. 

COST TO THE GOVERNMENT REMAINED STABLE WHILE 
COSTS GREW AND ACTIVITY CONTENT CHANGED 

In the course of the program, the costs of specific phases and asso- 
ciated activities increased significantly, but the total cost to the gov- 
ernment remained relatively stable. The original estimated cost for 
the entire HAE UAV ACTD program, dated December 1994, was $912 
million (in TY dollars). As of August 2000, the final estimate for all 
ACTD activities was $963 million (in TY dollars). This small cost dif- 
ference disguises the previously discussed reductions in what was 
originally planned. 

Calculating the cost growth of the ACTD's individual program seg- 
ments—Global Hawk, DarkStar, and the common ground segment 
(CGS)—as well as its phases (Phases I, II, IIB, IIC, and III) is compli- 
cated. The CGS further complicates this effort because it was not 
part of the original plan. The preponderance of CGS costs are asso- 
ciated with the incorporation of DarkStar functionality into the 
Global Hawk ground segment and with the purchase of ground seg- 
ments to service both air vehicle types. 

Of the ten Global Hawk and up to ten DarkStar air vehicles in the 
original plan, just five Global Hawk and four DarkStar air vehicles 
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were purchased. Fewer sensor payloads were purchased than origi- 
nally planned, and some planned functions were not developed or 
tested (e.g., a survivability suite for Global Hawk). Only a fraction of 
the originally planned flight hours were flown during the much- 
shortened demonstration and evaluation (D&E) portion of the 
ACTD.1 

Table 2.1 provides a summary analysis of the Tier 11+/Global Hawk 
portion of the HAE UAV ACTD. The figures shown are based on a set 
of assumptions that allow rough comparisons of the planned and 
actual Tier 11+ ACTD programs. The actual cost to the government of 
contractor work for this portion of the ACTD is slightly less than 
planned. However, normalizing for changes in activity content—that 
is, estimating the cost to complete the original plan's work scope 
given what we now know about costs—puts the cost at more than 
double the original estimate. 

Table 2.2 provides similar data for the Tier III-/DarkStar portion of 
the HAE UAV ACTD. The actual cost for all DarkStar contractor ef- 
forts grew almost 50 percent over the original estimate. Only the 
Baseline Program phase can be content-normalized for comparison 
because the program's second phase, the Demonstration Option or 
Phase IIB, was not completed. The content-normalized cost for the 

Table 2.1 

Tier 11+ ACTD Cost Analysis 

Equivalent 
Program 
Phase 

Actual Cost 
(millions of 
TY dollars) 

Cost of 
Original Plan 
(millions of 
TY dollars) 

Actual 
Cost 

Growth 
(%) 

Actual Cost 
Normalized 

(millions of TY 
dollars) 

Normalized 
Cost Growth 

(%) 

Phase I 
Phase II 
Phase III 

20 
238 
243 

12 
230 
270 

66.7 
3.5 

-10.0 

12 
476 
623 

0 
100 
130 

Total 501 512 -2.1 1111 122 

See Leonard and Drezner, Innovative Development: Global Hawk and DarkStar in 
the HAE UAV ACTD—Program Description and Comparative Analysis, 2001, for a de- 
tailed explanation of the changes and associated costs. 
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Table 2.2 

Tier III- Phase Cost Analysis 

Equivalent 
Program Phase 

Cost of 
Actual Cost   Original Plan 
(millions of (millions of TY 
TY dollars)        dollars) 

Actual 
Cost 

Growth 

(%) 

Actual Cost 
Normalized 

(millions of TY 
dollars) 

Normalized 
Cost Growth 

(%) 

Baseline 
Program 

Demonstration 
Option 

Total 

219.8 

104.3 

121.5 

95.5 

80.9 

9.2 

191.9 

N/A 

57.9 

N/A 

324.1 217.0 49.4 N/A N/A 

Baseline Program phase is estimated to have grown by almost 60 
percent. 

Overall, while the top-level budget was only slightly increased, cost 
increased substantially for many nonrecurring engineering devel- 
opment activities, necessitating reductions in the quantity of systems 
produced and in flight activity. Despite these changes, the program 
accomplished its main objective of demonstrating military utility. 
That assessment was positive for the Global Hawk system and 
(implicitly) negative for DarkStar. 

OVERALL SCHEDULE GREW ONLY MODERATELY 

The program's schedule outcomes were similar to its cost outcomes. 
Interim milestones slipped substantially, but the program's end date 
slipped only modestly. 

The first DarkStar flew several months ahead of plan but was de- 
stroyed on takeoff on its second flight. The crash was due at least in 
part to elements of the acquisition strategy, particularly the use of in- 
adequate system engineering processes. These inadequacies were 
enabled by the program's OTA and by the associated increase in 
contractor responsibility. After a 26-month hiatus, the second 
DarkStar air vehicle flew six more times before the program was 
terminated. The crash of the first DarkStar changed the tone of the 
HAE UAV ACTD program across all of its elements, significantly in- 
creasing risk aversion for the duration of the ACTD. 
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Global Hawk Phase II began as planned in April 1995. Phase III was 
scheduled to begin in December 1997 with the simultaneous transfer 
of management from DARPA to the Air Force. Problems associated 
with software development and system integration, along with in- 
creased risk aversion, delayed Global Hawk's first flight by 14 
months. The management transition to the Air Force did not occur 
until October 1998. The first Phase III D&E flight was in June 1999. 
At that point, development and fabrication activities begun under 
Phase II and Phase IIB were ongoing. To stay within budget and 
meet unforeseen programmatic challenges, the Global Hawk pro- 
gram bore little resemblance to the original program plan. 

In that plan, the ACTD was to be complete in December 1999 with 
the release of an MUA and a force-mix decision. The latter was criti- 
cal to defining future program plans for both Global Hawk and 
DarkStar. The originally planned end date was abandoned when it 
became clear that slips in interim milestones had reduced the re- 
maining time for D&E activity to the point at which sufficient infor- 
mation to inform the MUA could not be generated. Phase III D&E 
flights extended through May 2000. The original Phase III plan called 
for 24 months of D&E flights; actual D&E flights occurred during nine 
months over the 12-month period of June 1999 through May 2000. 

Specifying the end date of the ACTD is dependent on how comple- 
tion is defined; there are four possible dates. The final Phase III flight 
was July 2000.2 If this date is used, there was a seven-month slip 
from the plan. The Global Hawk MUA was released in September 
2000, constituting a nine-month slip from the plan. Activities put on 
contract during the ACTD program and considered part of the ACTD 
effort continued through February 2001, constituting a 14-month slip 
from the plan. The Milestone II decision denoting transition to the 
formal acquisition process was declared on March 6, 2001, making 
the schedule slip slightly more than 14 months. Depending on which 
definition is adopted, the program's total duration was between 77 
months (February 1994 through July 2000) and 85 months (February 
1994 through March 2001). 

Q 
^For complete details, see the appendices in Drezner and Leonard, Innovative 
Development: Global Hawk and DarkStar—Flight Test in the HAE UAV- ACTD 
Program, 2001. 
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UFP WAS NOT MET BUT DID HELP CONTROL COSTS AND 
REQUIREMENTS 

The program's single requirement, the $10 million UFP (in FY 1994 
dollars) that was levied on air vehicles 11-20 for both DarkStar and 
Global Hawk, was unattainable and ultimately abandoned. We do 
not view the failure to achieve the UFP as indicative of program fail- 
ure. The reasons the program's sole requirement was not met are 
many, but we see them as falling into three categories: 

• Little or no analytical basis for the support of the original UFP. 
This was the result of a deliberate philosophy of setting the price 
at what was believed the customer was willing to pay rather than 
at what actual costs would be for Tier 11+ and Tier III- systems 
with the desired capabilities. 

• Rationalization of the UFP through extremely optimistic and 
essentially unrealistic assumptions. These unfulfilled assump- 
tions resulted in direct cost increases for components that make 
up the air vehicles themselves as well as in direct cost increases 
for running the manufacturing and engineering organizations 
executing the program. 

• The unwillingness of government program management to 
strictly enforce the cost control philosophy defined at the pro- 
gram's inception. During the early portion of the program, when 
the system's capabilities were mostly defined, the DARPA pro- 
gram office was unwilling to give up any major system capability 
to comply with the UFP requirement. 

No serious analysis underlay the UFP. To our knowledge, this num- 
ber was not connected to desired Tier 11+ or Tier III- capabilities in 
any analytical sense. Instead, we believe that the $10 million UFP 
was selected because it was judged to be high enough to provide a 
system with meaningful capability if adhered to, yet at the same time 
low enough that the Air Force would be willing to pay it. The 
originators of the program believed that the price must be set at an 
artificially low level or the program would be abandoned even before 
it began. The DoD was compelled to use this tactic because of the 
false notion embedded in Air Force culture that UAVs are inherently 
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less complicated to develop and build than manned aircraft with 
similar capabilities.3 

A number of specific assumptions on which the UFP was based did 
not come to pass. Many of these assumptions were not under the 
control of the DARPA or Air Force program offices. The original 
manufacturing schedule—which called for two aircraft in Phase II, 
eight aircraft in Phase III, and the ten aircraft applicable to the UFP 
in Phase IV—was not adhered to. Actual manufacturing activity built 
the intended two aircraft in Phase II but then built only three in 
Phase III followed by two more in the post-ACTD Phase IIC. Current 
planning calls for the next 12 aircraft—air vehicles 8-19—to be built 
at a rate of two per year over the next six fiscal years (FY 2002 through 
FY 2007). Air vehicles 11-20 will not be built in one lot at the pro- 
duction rate originally envisioned. 

Further assumptions that were not met are as follows: Air vehicles 
11-20 will not be built under an OTA contractual arrangement as 
originally assumed; the post-ACTD program will not be executed un- 
der a separate "strategic business unit"; Global Hawk will not be 
manufactured at an "off-site facility" to make possible so-called low- 
cost production; and the assumed parallel sales of key air vehicle and 
sensor suite components only partially materialized. 

The acquisition strategy also called for the contractor to create the 
initial design and to control the configuration throughout the ACTD. 
The former occurred, but the latter was not followed as had been in- 
tended. While the DARPA program office was willing to back off on 
many of the system's desired capabilities, it was unwilling to remove 
major functionality. When it became clear that the UFP could not be 
attained without seriously degrading the performance of the system 
and when the contractor suggested doing just that, the government 
would not allow it. 

The need for the EO/IR suite onboard the Global Hawk was the key 
source of disagreement between the contractor and the DARPA pro- 
gram office regarding the capabilities that were required to demon- 
strate military utility. In the 1997 time frame, Ryan believed that this 

3This notion has faded in Air Force culture over the past seven years. However, it was 
the conventional wisdom of the time when the program began in 1994. 
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payload should be omitted in order to meet the UFP and that the 
user would find the system acceptable without this capability. The 
DARPA program office was steadfast in its opposition to dropping the 
EO/IR payload, and thus Ryan felt it had no choice but to keep the 
EO/IR suite regardless of its implications for the UFP requirement. 

In the end, Ryan's belief was correct. As a result of the destruction of 
Global Hawk air vehicle 2 and Global Hawk air vehicle 3's taxi acci- 
dent, no useful imagery was provided by the EO/IR payload through- 
out the D&E phase. Despite the system's inability to demonstrate 
this major capability, Global Hawk received a favorable military util- 
ity assessment. 

The DARPA program office's direction to redesign Global Hawk's 
wing made the UFP even more unattainable. Although Ryan dis- 
puted the necessity for this redesign, the contractor ultimately suc- 
cumbed to pressure from the program office and designed and pro- 
duced the more robust and costly wing. 

Although the UFP was not met and was ultimately abandoned, it did 
play two important and positive roles throughout the execution of 
the HAE UAV ACTD program. First, it instilled within the contractors 
a degree of cost consciousness that would not otherwise have mate- 
rialized. Changes to system design or capabilities had UFP conse- 
quences that could be tracked. Second, the UFP provided a mecha- 
nism to prevent requirements creep. Additional requirements could 
not be imposed on the program without adversely affecting the UFP. 

FLIGHT TESTING WAS DOMINATED BY THE NATURE OF 
THE SYSTEM AND THE OPERATIONAL DEMONSTRATIONS 

The nature of the system in large part defined both the flight test 
program and the relatively slow accumulation of flight hours. The 
acquisition strategy—particularly the contractor's increased role in 
program design, management, and execution—largely defined how 
the flight test program was executed. 

The first flight of DarkStar air vehicle 1 was on March 29, 1996. It 
exhibited significant anomalies that were not sufficiently resolved by 
the time of the second flight on April 22, 1996. The air vehicle 
crashed on takeoff, resulting in its total loss. DarkStar air vehicle 2 
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first flew 26 months later. As Figure 2.1 shows, DarkStar flight testing 
with air vehicle 2 lasted for a period of six months, during which only 
six hours of flight time were accumulated. DarkStar was terminated 
one day before its planned seventh flight and never entered Phase III 
D&E. It is not known if the shortened flight test program produced 
useful results either in technical characteristics relating to the air 
vehicle configuration or in lessons learned regarding operating pro- 
cedures. 

Flight testing in the Global Hawk program differed considerably from 
that of other air vehicle types mainly because the system is an au- 
tonomous UAV and was used in operational demonstrations. The 
innovative acquisition approach appears to have had little effect on 
the number of sorties; nor did it have an appreciable effect on the ac- 
cumulation of flight hours for basic and follow-on engineering de- 
velopment or for air vehicle checkout flight testing. 

As shown in Figure 2.2, the first flight of Global Hawk occurred on 
February 28, 1998. Phase II engineering flight testing included the 
first 21 sorties.  Phase III flight testing included sorties 22-58. The 
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Figure 2.1—DarkStar Air Vehicle 2 ACTD Flight Test Program 
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Phase III flight test program included D&E sorties associated with a 
specific military exercise as well as some additional functional 
checkout and follow-on engineering flights. 

No more than two air vehicles participated in the Global Hawk ACTD 
flight test program at any one time because air vehicle 2 was de- 
stroyed several months before air vehicle 3 became operational, and 
the air vehicle 3 postflight taxi accident occurred prior to the first 
flight of air vehicle 4. Global Hawk's 29-month ACTD flight test pro- 
gram reflects a clear pattern of building confidence in the system; the 
pace of flight testing increased significantly as the program pro- 
ceeded. 

The CGS did not play a role in the shortened DarkStar flight test pro- 
gram, as DarkStar air vehicles 1 and 2 used their own uniquely devel- 
oped ground segment. The CGS was used solely in its Global Hawk- 
only configuration, as DarkStar air vehicles 3 and 4 never flew. With 
DarkStar canceled, there was no opportunity to ascertain whether 
the "common" aspect of the CGS functioned adequately. The lack of 
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trained personnel and spares for Global Hawk allowed just one air 
vehicle in flight at any one time, and thus the CGS never 
demonstrated the ability to control multiple air vehicles simultane- 
ously. 

Some participants believe that neither the content of the flight test 
program (what was done) nor the approach used (how it was done) 
was greatly affected by the acquisition strategy. Evidence suggests 
that the dominant influence on the test program was the nature of 
the system. Until the HAE UAV ACTD program, very little experience 
had been accumulated with large autonomous UAVs. System char- 
acteristics determined the pace of the program, the profile in which 
flight hours were accumulated over time, and the scope of envelope 
expansion testing. The acquisition approach did, however, influence 
some key elements of the test program: the increased contractor re- 
sponsibility for test program planning, direction, and execution; the 
early operational testing in the form of user demonstrations; and the 
explicit exploration of operational concepts and requirements. 

PERFORMANCE GOALS WERE MOSTLY ATTAINED 

The Global Hawk system came fairly close to attaining the level of 
performance that had been anticipated at the outset and in fact 
demonstrated useful capabilities that had not been anticipated. 
DarkStar was terminated before sufficient performance information 
could be generated. The CGS did not demonstrate the ability to 
control multiple vehicles, but it did competently control both the air 
vehicle and the imagery sent by it as well as the dissemination ofthat 
imagery. 

The ACTD program demonstrated Global Hawk's autonomous ca- 
pability of high-altitude, long-duration flight. The synthetic aperture 
radar sensor was capable of providing high-quality imagery, but the 
EO/IR sensor was not characterized sufficiently to allow an assess- 
ment of its true capability. Most of the originally specified commu- 
nications and data links were demonstrated. Many Global Hawk 
performance parameters were close to the predicted goals, but some 
fell short in significant areas. In particular, a 16 percent increase in 
empty weight and lower-than-expected aerodynamic performance 
resulted in a 20 percent endurance shortfall (32 hours versus 40 
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hours) and a 7.7 percent shortfall in mission cruise altitude (60,000 ft 
versus 65,000 ft).4 

The system also demonstrated the ability to dynamically retask both 
Global Hawk's sensors and, to a more limited extent, the air vehicle 
itself. These capabilities were not designed in and were not explicitly 
part of the originally conceived capabilities. However, the Air Force's 
31st Test and Evaluation Squadron took advantage of its familiarity 
with the system, its operational perspective, and the system's 
inherent flexibility to create these useful capabilities. This kind of 
performance innovation is rarely seen during the development 
phases of Major Defense Acquisition programs (MDAPs). 

THE INNOVATIVE ACQUISITION STRATEGY HAD A 
SIGNIFICANT EFFECT 

We believe that the acquisition strategy used in the HAE UAV ACTD 
program had significant effects—both positive and negative—on 
program execution and outcomes. These effects could often be 
linked to a particular element of the strategy, but there were interac- 
tive considerations as well. Sometimes the various elements rein- 
forced each other in their effects on the program; at other times they 
had a conflicting influence on the program. 

• Use of Section 845 OTA. The use of OTA added a high degree of 
flexibility and tailoring to the relationship between the 
government and contractors. How this flexibility manifested 
itself and whether it led to positive or negative outcomes were in 
large part a function of the skills, experience, and personalities of 
the program managers and contracting officers. This reliance on 
the capabilities of individuals is a key difference between OTA 
and a more traditional contracting strategy. Additionally, the 
system engineering processes used early on in both the DarkStar 
and Global Hawk programs were inadequate given the 
complexity of the task at hand—a situation enabled by the use of 

4The current Global Hawk configuration can sustain altitudes above 65,000 ft for only 
short periods of time, and only under specific weight and environmental conditions. 
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OTA and by specific wording in the Global Hawk Agreement.5 

Adequate system engineering processes were not in place until 
midway through Phase II in both air vehicle programs. On the 
plus side, OTA did eliminate costs associated with DoD- and 
FAR-compliant processes and reporting. It also allowed for quick 
and nonbureaucratic responses both to changes in the external 
environment and to changes prompted by internally generated 
learning. Combined with the use of an IPT structure, OTA 
facilitated a collaborative work relationship between government 
and contractor personnel. 

Designation as an ACTD. The cost and schedule boundaries as- 
sociated with the ACTD designation appear constraining for a 
system development effort as complex as those of the Global 
Hawk and DarkStar. The ACTD designation resulted in signifi- 
cant challenges for follow-on acquisition planning and budget- 
ing; there was a serious disconnect with the requirements and 
budgeting processes as the program transitioned to the formal 
acquisition process. This particular state of affairs can be 
expected in all ACTDs initiated without an approved operational 
requirement. Of course, the ability to begin a program without 
an approved operational requirements document is a key 
strength of the ACTD construct. Yet differing expectations 
regarding the entry point into the formal acquisition process 
created serious tension among program participants. Notably, 
however, the ACTD construct did provide a mechanism for 
demonstrating innovation—the introduction of a new capability 
into the operational forces—that almost certainly would not 
otherwise have occurred given the absence of a constituency for 
the HAE UAV system type within the operating services. 

The use of a UFP as the single requirement. The $10 million UFP 
in FY 1994 dollars for units 11-20 was unattainable because it 
was not well substantiated through analysis; its underlying as- 
sumptions were eventually invalidated; and the DARPA program 
office was unwilling to remove major functionality. However, the 

5 See Jeffrey A. Drezner, Geoffrey Sommer, and Robert S. Leonard, Innovative 
Management in the DARPA High Altitude Endurance Unmanned Aerial Vehicle 
Program: Phase IIExperience, MR-1054-DARPA, Santa Monica: RAND, 1999. 
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UFP did promote a degree of cost consciousness—as well as a re- 
sistance to requirements creep—not normally seen in programs 
large enough to be considered major defense acquisitions. 

Performance parameters stated as goals. This allowed a degree 
of design flexibility that helped control costs. However, the 
ACTD effort forced the contractor and the government to em- 
phasize certain system aspects while shortchanging others. 
Some capabilities deemed desirable later in the effort, such as 
faster mission planning and easier system supportability, were 
not emphasized during the ACTD and were therefore found 
lacking during the D&E effort. These attributes were consciously 
not made part of the ACTD program design. The flexibility of 
performance requirements added undesirable ambiguity to the 
MUA process because clear priorities were not set. This also 
contributed to difficulties in defining an operational requirement 
as the Global Hawk program transitioned to the formal acquisi- 
tion process. 

Use of IPTs. The IPT structure generally supported the positive 
aspects of several other elements, including OTA and increased 
contractor authority. IPTs with both government and contractor 
personnel were used extensively in the Global Hawk program. 
Their use was occasionally troublesome early on in the program, 
but over time, as difficult personalities were removed and orga- 
nizational cultures adjusted, their effectiveness improved 
considerably. In the DarkStar program, the contractor was not 
inclined to allow government individuals onto their IPTs. In 
addition, neither of the two DarkStar contractors participated in 
the other's IPTs, which almost certainly exacerbated the 
program's difficulties. With two equal partners, the DarkStar 
program was unable to make timely and effective decisions 
because the different cultures and competitive perspectives 
resulted in tension between the contractors. 

Small program office. Both the government (DARPA and Air 
Force) program offices were relatively small throughout the pro- 
gram. Industry program offices were also kept relatively small. 
The Air Force program office grew in order to accommodate 
planning for the transition to the formal acquisition process but 
remained small in relation to other high-visibility Air Force pro- 
grams. 
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• Contractor design authority and management responsibility. 
OTA implementation in this program gave the contractors in- 
creased authority and responsibility for design, trade-off analy- 
ses and decisions, development activities, and the test program. 
While this appeared to have some benefits in accelerating deci- 
sionmaking and enhancing business process flexibility, both 
programs suffered from contractor inadequacies. In the 
DarkStar program, the lack of internal process discipline led to 
the air vehicle's problematic aerodynamic characteristics. In the 
Global Hawk program, inattention to system integration early in 
the program led to unnecessary cost and schedule increases. 
Where the contractor was put in charge of areas in which it 
lacked core competency (e.g., Ryan's responsibilities with some 
aspects of the flight test program), difficulties resulted. 

• Early user involvement. This core aspect of ACTD programs 
designated the Joint Forces Command (JFCOM) as the user in the 
HAE UAV ACTD. An operational demonstration test phase sup- 
porting an MUA was an essential element of the program struc- 
ture. Early user involvement showed clear benefits in providing 
focus and emphasis in this ACTD and in guiding the tailoring of 
the development effort to follow. However, unified commands 
such as JFCOM do not have the resources or the expertise to be 
fully interactive in the development process. The operational 
user—in this case the Air Force's Air Combat Command (ACC)— 
does have the necessary resources and expertise, but the ACC did 
not become involved until post-ACTD planning had com- 
menced. These circumstances resulted in considerable tension 
between the unified commands (e.g., JFCOM) and operational 
user communities. 

Our overall assessment is that the acquisition strategy used for the 
development of the Global Hawk and DarkStar systems during the 
HAE UAV ACTD contains innovations with strong potential for im- 
proving acquisition processes for other kinds of systems. We believe 
that the program's innovative management was largely responsible 
for the various successes of the program: It was highly flexible and 
responsive to changes in circumstances; was easily modified to in- 
corporate those changes into the program; and provided a focus on 
demonstrating a new capability that allowed for the prioritization of 
competing objectives and interests. Ultimately, the strategy resulted 
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in the introduction into the operational force of a new capability of 
demonstrated usefulness—an outcome that we believe to be supe- 
rior to what would have occurred under a traditional approach. 

Given the experience of the HAE UAVACTD program, we believe that 
some modifications to elements of the overall strategy, as well as re- 
finements in the way such a strategy is implemented, are required for 
broader application. 



Chapter Three 

COMPARISON TO OTHER PROGRAMS 

HAE UAV efforts do not involve simply building a glorified model 
airplane or drone, as some who view UAVs as "low tech" compared 
to manned aircraft might imagine. On the contrary, the Global Hawk 
and DarkStar programs are in many respects at least as complex and 
challenging as typical manned aircraft developments. Each of the 
two HAE UAV programs involved the development of multiple sys- 
tem segments: an air vehicle, sensor payloads, and ground segments 
(one unique to each platform plus the CGS). Most major defense 
programs develop only one of these basic elements: the air vehicle, 
sensors or some other payload, or a ground station. 

For purposes of comparison, the Global Hawk and DarkStar devel- 
opment efforts were considered roughly equivalent to those of con- 
temporary manned military aircraft programs that created all-new 
air vehicle designs. For the most part, it was not possible to compare 
the costs of the two HAE UAV development efforts to those of recent 
or historical UAV programs, as we found no unclassified or declassi- 
fied UAV program with both sufficient available data and sufficient 
complexity and technological challenge to be appropriate for cost 
comparison to the Global Hawk and DarkStar HAE UAVs. In our 
schedule comparison, we do include other UAV programs along with 
appropriate manned programs. In this area, we again believe that 
the latter are the more appropriate comparative systems. 

27 
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THE SYSTEM CONCEPT AND ACTD CONSTRUCT DICTATED 
A UNIQUE FLIGHT TEST PROGRAM 

The uniqueness of flight testing an autonomous HAE UAV compli- 
cates comparisons. The development of an autonomous UAV re- 
quires an enhanced understanding of the system earlier in testing 
than what is required for a manned or remotely piloted vehicle sys- 
tem. Manned aircraft have the benefit of the pilot's ability to identify 
problems through the direct feel of the air vehicle, and his or her re- 
actions can mitigate problems during flight testing. A remotely pi- 
loted vehicle has a human in the loop if not onboard, thus offering 
the advantage of real-time human input. HAE UAV flight testing 
benefited neither from real-time human input nor from real-time 
human feedback from the air vehicle. 

Flight test comparisons are also complicated by differences in the 
area and composition of flight envelopes (speed, altitude, maneuver- 
ability) for different aircraft types. The high-altitude and long-range 
mission profile of the HAE UAVs is specifically and narrowly defined, 
resulting in an air vehicle flight envelope with a very small area.1 

Other aircraft types have missions that rely on great aerodynamic 
flexibility, dictating the use of larger-area flight envelopes that must 
be explored during flight test. 

Figure 3.1 presents a rough comparison of aircraft flight test pro- 
grams. Global Hawk's flight test experience is compared with the 
flight test experience of several fighter aircraft during their advanced 
technology demonstration and EMD development phases. We ob- 
serve a very different pattern of flight hour accumulation over time in 
the Global Hawk ACTD. Fighter aircraft tend to accumulate hours 
much faster as multiple aircraft fly multiple short sorties each month. 
Global Hawk had only two aircraft in flight-ready status at any one 
time and generally flew no more than three long-duration sorties per 
month. 

!Data on the U-2 (the system most similar to the HAE UAVs) flight test program were 
unavailable. 
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Figure 3.1—Comparison of Aircraft Flight Test Programs 

As shown in Table 3.1, a comparison of the Global Hawk ACTD to 
prototype programs provides a different perspective.2 The AX pro- 
gram involving two pairs of attack prototype aircraft included a very 
short, seven-month flight test program. The first five months were 
conducted by the contractors, and in the next two a formal competi- 
tive fly-off using Air Force pilots was undertaken. In the first five 
months, the YA-9 accumulated 162 hours using two aircraft and an 
additional 145.5 hours (in 123 sorties) in the two-month competitive 
evaluation. The competing YA-10 accumulated 190 hours in the first 

information on the AX and LWF programs are taken from Giles K. Smith, A. A. 
Barbour, Thomas L. McNaugher, Michael D. Rich, and William L. Stanley, The Use of 
Prototypes in Weapon System Development, R-2345-AF, Santa Monica: RAND, 1981. 
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Table 3.1 

Prototype Program Flight Test Comparison 

Duration 
Program Testing Type (months) Flight Hours Sorties 

Global Hawk Engineering 6 20.5 5 

YA-9 Engineering 5 162.0 N/A 

YA-9 Demonstration 2 145.5 123 

YA-10 Engineering 5 190.0 N/A 

YA-10 Demonstration 2 138.5 87 

YF-16 Program total 11 450.0 320 

YF-17 Program total 7 350.0 230 

five months with its two aircraft and 138.5 hours (87 sorties) in the 
two-month fly-off. The YA-10s were then used for 16 months during 
full-scale development (FSD) for follow-on development test and 
evaluation (DT&E) and initial operational test and evaluation 
(IOT&E) prior to the low-rate production decision. In contrast, 
Global Hawk accumulated 20.5 flight hours in five sorties in the first 
six months of its flight test. 

The Lightweight Fighter (LWF) program of the early 1970s was a 
highly streamlined effort involving two pairs of prototype fighter air- 
craft. In 11 months in 1974, the YF-16 accumulated approximately 
450 hours in 320 sorties. The YF-17 flew 230 sorties and accumulated 
approximately 350 hours in a seven-month period that same year. 
Clearly the pace of the LWF program flight test was much faster than 
that of Global Hawk. This is due in part to Global Hawk's system 
type—a large autonomous UAV. Global Hawk requires much more 
preparation for each mission, specifically in the area of mission 
planning. 

Both competitive prototype flight test programs described above had 
informal MUAs through the participation of operationally oriented 
test pilots. The introduction of JFCOM in the Global Hawk ACTD as 
the architect of the D&E phase, with a focus on the formal demon- 
stration of UAV as a joint warfighting asset, differed from the "ACC- 
equivalent" user approach involved in these comparative programs 
from the 1970s. 

In general, traditional fighter aircraft EMD flight test programs fly 
more sorties per month and accumulate more flight hours than did 
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Global Hawk during its ACTD. The main explanation for this differ- 
ence is the vastly larger flight envelope for fighter systems and the 
need to satisfy myriad requirements, as is traditionally the approach 
in an MDAP-compliant EMD effort. 

MORE WAS ACCOMPLISHED AT A SOMEWHAT 
LESSER COST 

Development activity through the end of the ACTD and into follow- 
on development efforts was examined in two segments: the early 
portion embodied in the ACTD's Phase II, which involved the design 
and build of the first two air vehicles, and the remainder of the ACTD 
along with proposed follow-on development activity. The former 
applies to both the Global Hawk and DarkStar programs; the latter 
applies only to the Global Hawk program. Analysis of DarkStar be- 
yond its Phase II is not possible, as its Phase IIB—the building of 
follow-on aircraft—was not completed. 

Figure 3.2 compares the costs of the two HAE UAV ACTD Phase II 
efforts to those of selected manned military aircraft demonstra- 
tion/validation (dem/val), prototype and technology demonstration 
programs of the past 30 years.3 The systems in Figure 3.2 represent 
experimental fighter, attack, cargo, and reconnaissance aircraft.4 

Roughly similar basic activities are found in all of these programs re- 
gardless of whether the air vehicle was intended to evolve into an op- 
erational system. 

For the six programs showing two segments to their cost bar, the 
lower segment represents the program's cost excluding flight test ac- 
tivity, which is accounted for in the upper segment. The OTA con- 
tractual arrangements in the Global Hawk and DarkStar programs 
made it difficult to break out flight test costs from those of other ac- 
tivities during Phase II; thus, a single-segment bar is shown for total 
cost of the phase. Tacit Blue data were available only in aggregate; 

3The Advanced Tactical Fighter dem/val program is not shown. The cost of each of 
the YF-22 and YF-23 programs was over $2 billion in TY dollars (when prime and 
subcontractor investments are included). 

The Have Blue technology demonstration program informed the development of the 
F-117, which is essentially an attack aircraft. 



32     Innovative Development Executive Summary 

hence the single bar. The costs of flight testing in the YF-16 and YF- 
17 prototype programs did not come out of these programs' budgets 
and were not separately accounted for. As a result, these flight test 
costs are not available in the historical record and are not included in 
Figure 3.2.5 

Total expenditures in the programs shown in Figure 3.2, escalated to 
FY 2001 dollars, range from a low of less than $200 million to a high 
of more than $500 million. The average costs for the design-and- 
build portion and for the flight test portion of the historical programs 
for which such costs can be determined are $275 million and $92 
million, respectively.6 By our calculations, Global Hawk Phase II cost 
$238 million paid to contractors plus allocated government costs of 
roughly $40 million. DarkStar cost $220 million in payments to con- 
tractors plus allocated government costs of some $37 million.7 

Converted to FY 2001 dollars, the Global Hawk and DarkStar totals 
come to $295 million and $273 million, respectively. 

Each program shown in Figure 3.2 accomplished a unique set of ac- 
tivities. Our opinion is that the best comparative programs for 
DarkStar are Have Blue and Tacit Blue and for Global Hawk the LWF 
prototypes. Given the activity content of Phase II and the pending 
operational demonstration for the HAE UAVs at the conclusion of 
that phase, we believe that the developmental maturity of the HAE 
UAVs at the end of Phase II of the ACTD was higher than that of any 
comparative program listed in Figure 3.2. 

5See Lieutenant Colonel Morris R. Betry, UASFR, "The History of Technology Viability, 
Technology Demonstrator, and Operational Concept Prototype Program Costs," July 
1994. 
6The average for the design-and-build portion is calculated from these costs in the X- 
31, X-29, YC-15, YC-14, YF-17, YF-16, Have Blue, and XFV-12 programs. The average 
for the flight test portion is calculated from this cost in the X-31, X-29, YC-15, YC-14, 
Have Blue, and XFV-12 programs. 
7See Leonard and Drezner, Innovative Development: Global Hawk and DarkStar in 
the HAE UAVACTD—Program Description and Comparative Analysis, 2001, for a full 
explanation of costs. As of January 1999, total government costs during the ACTD 
were estimated at $138 million. Global Hawk Phase II accounted for 29 percent of all 
payments to contractors in the ACTD; thus, that percentage of government costs is 
allocated to the effort. For DarkStar, the figure is 27 percent. 
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Figure 3.2—Program Comparison: Equivalents to Phase II of the 
HAE UAV ACTD 

The final cost of DarkStar Phase II was roughly what one would have 
expected given the costs and accomplishments of comparable 
historical programs such as Have Blue and Tacit Blue. We found that 
the Global Hawk Phase II effort compared favorably to the LWF 
prototypes once each was adjusted for known definitional 
differences in their estimates. This is a favorable outcome given that 
conventional wisdom views the LWF prototype program as one of 
the most successful prototype programs in Air Force history. 

A different and perhaps more important comparative metric lies in 
estimating the value of the overall acquisition strategy in reducing 
future development costs. We define the Global Hawk equivalent 
EMD program as ACTD Phases IIB and III; Phases IIC and the pre- 
EMD, which bridge the ACTD to the formal EMD; and the planned 
Spirals 1 and 2 in EMD. The cumulative costs of these six phases are 
compared to EMD expenditures in the F-16A/B, F/A-18A/B, and F- 
117A programs. The projected cost of the Global Hawk-equivalent 
EMD is about $1.1 billion in FY 2001 dollars. This is only slightly 
more than half the inflation-adjusted EMD costs in the least 
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expensive of the comparison programs, the F-16, and slightly more 
than one-third more than the inflation-adjusted expense of the most 
appropriate EMD comparison program, the F-117. F/A-18A/B EMD 
costs were the highest of all the other programs. 

A large band of uncertainty surrounds the future of Global Hawk de- 
velopment expenditures. However, after realistic upper and lower 
bounds for Global Hawk's equivalent EMD figure have been defined, 
its cost will be considerably less than what one might expect given 
historical programs of roughly similar technological challenge and 
system complexity. 

MILITARY UTILITY WAS DEMONSTRATED MORE QUICKLY 

The Global Hawk ACTD concluded with a system more developmen- 
tally mature than what is typical at the conclusion of a prototype, an 
advanced technology demonstrator, or a dem/val program. At the 
same time, the Global Hawk ACTD did not attain the system maturity 
typically seen at the conclusion of a traditional EMD program. 

Figure 3.3 compares in some detail the overall schedules for selected 
programs.8 The time to the first flight of the prototype (-ft) and the 
time to the first flight of an EMD test aircraft (O) are indicated.9 The 
length of time from program start to EMD initiation for Global Hawk 
and DarkStar10 was roughly comparable to that in the F-117, the F- 
16, and Compass Cope.11 Global Hawk's time to first flight 
(prototype) was somewhat longer than that for the F-16, F-117, and 
Compass Cope.   DarkStar's timing is more comparable.   Global 

8The length of time from EMD initiation to first production aircraft delivery is esti- 
mated in all but two cases. 
9Note that the Medium-Altitude Equivalent UAV Predator ACTD did not build what 
we consider to be prototype aircraft. The Gnat-750—from which Predator was 
derived—acted in that capacity. 
10We use our "equivalent EMD" analytical approach here. The initiation of Phase IIB 
with the building of the third and subsequent aircraft in each HAE UAV ACTD pro- 
gram signifies EMD initiation. 
1 Compass Cope was a competitive dem/val program of the early 1970s that produced 
two flying examples of two different HAE UAV air vehicles. The aircraft did not fly 
autonomously, and the program included no sensor suite or ground station devel- 
opment efforts. 
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Figure 3.3—Schedule Comparison 

Hawk's time to first EMD flight is similar to that of the other three 
programs (this date is estimated in the Compass Cope program). 

The most striking difference in the Global Hawk program is the short 
time span between the first flight of the first prototype aircraft and 
that of air vehicle 3, which is considered the first EMD-equivalent 
aircraft. This resulted directly from the ACTD acquisition strategy 
and allowed what was learned in the building of the first two aircraft 
to be fully leveraged in the manufacture of the third and subsequent 
aircraft. Similar production continuity is expected between the 
building of the final EMD aircraft, air vehicle 7, and the first produc- 
tion aircraft, air vehicle 8. 

The F-22 schedule as shown in Figure 3.3 is extremely long compared 
to any of the other programs shown. The schedule is shown as a ref- 
erence for just how long the development cycle can be when a tradi- 
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tional development approach is used for the most sophisticated of 
weapon system programs. 

We conclude that the ACTD acquisition strategy in the HAE UAV 
ACTD program did not result in an accelerated first flight for either 
the prototype or the EMD aircraft. However, the core of an ACTD 
flight test program is its emphasis on quickly demonstrating military 
utility. Global Hawk did so very early in its flight test program. By 
the end of the Phase III D&E, Global Hawk had demonstrated its ca- 
pability for long-distance deployment. Except for the Predator UAV, 
which was also initially developed under the ACTD acquisition strat- 
egy and similarly benefited from OTA designation, no other aircraft 
demonstrated both utility and deployment capability so early in its 
test program. By these measures, which are at the core of the ACTD 
concept, the Global Hawk program was successful. 



Chapter Four 

LESSONS AND RECOMMENDATIONS 

ACTD PROGRAMS QUICKLY MATURE TECHNOLOGY AND 
DEMONSTRATE NEW OPERATIONAL CAPABILITIES 

We believe that the ACTD program achieved a level of developmental 
and system maturity beyond what a traditional program would ac- 
complish given similar time and funding. Yet while much was ac- 
complished, at the end of the HAE UAV ACTD Global Hawk was not a 
fully developed system and was not ready for production and sus- 
tained operational deployment. 

The Air Force program office believes that had the program's 
overriding priority lay in making the system production ready by the 
completion of the ACTD, this goal could have been accomplished. 
However, the overall objective of the acquisition strategy was to 
demonstrate an enhancement to the warfighter's operational capa- 
bilities in a way that was deemed by the users to be worth the cost. 
Given this overriding objective, the path to success in the ACTD re- 
quired the use of limited program funding to prove the system's mili- 
tary utility via the execution of the D&E program. 

There is a bias in ACTD guidance toward transitioning directly into 
low-rate production at the conclusion of an ACTD. This bias was re- 
flected in the HAE UAV's original plan and subsequent post-ACTD 
planning efforts. We believe that this bias is neither suitable nor ap- 
propriate for a large, complex system. The constrained budget and 
tight schedule of an ACTD program are not conducive to addressing 
the complete development needs of a major defense system. As a re- 
sult, many programs with characteristics that place them in the 

37 
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realm of an MDAP—i.e., those with expected development and pro- 
curement costs large enough to be classified as an MDAP—may be 
too complex and involve too much risk to be constrained by the pro- 
gram structure an ACTD acquisition strategy demands. An ACTD's 
focus is rightly oriented toward demonstrating military utility, not 
toward the operationalization of a system. 

ACTD-developed systems with characteristics that place them in the 
realm of an MDAP should be biased toward entry into the traditional 
process at EMD. The EMD should be tailored to take advantage of 
what was learned in the ACTD. Planning for the transition from 
ACTD to the tailored EMD should begin midway through the ACTD, 
thus providing enough time to ensure that the benefits of the ACTD 
experience become the foundation for post-ACTD development ac- 
tivities. 

THE INNOVATIVE MANAGEMENT APPROACH WAS 
RESPONSIVE TO CHANGE 

The HAE UAV ACTD program illustrates an important characteristic 
of program management that could benefit a wider array of pro- 
grams. The management approach employed in the HAE UAV ACTD 
program was highly responsive to changing circumstances, including 
funding issues, technical challenges, cost increases, oversight condi- 
tions, political support, and business environment. Changes could 
be made to the program structure, the timing and length of phases, 
and performance characteristics that reflected both changes in the 
external environment and lessons from the ongoing program. There 
was also sufficient flexibility in the strategy to adjust development 
and test activity content in response to such stimuli while retaining a 
focus on the primary objective of demonstrating the utility of a new 
capability. That flexibility was facilitated by the use of OTA and IPTs, 
which led to a collaborative working relationship, as well as by the 
ACTD construct and early user participation, which maintained and 
enforced the program's prioritization of objectives. 



Lessons and Recommendations    39 

GOVERNMENT MUST EXERT STRONG OVERSIGHT AND 
HAVE KEEN INSIGHT 

The government program office must establish and maintain a 
strong oversight function while managing a program under OTA. 
The increased level of contractor design authority and management 
responsibility should not imply decreased government oversight re- 
sponsibility; in fact, it demands more insight into the contractor's 
activities and progress. Because industry and government are moti- 
vated differently, only the government can ensure that its interests 
remain paramount. Even with a strong top-level oversight function, 
the government-contractor relationship can and must be collabora- 
tive at the working level using an IPT structure. This combination of 
management characteristics—government insight, strong oversight, 
and a collaborative work relationship—developed over time in the 
HAE UAVACTD program. 

Contractor responsibility should be limited to those areas constitut- 
ing that contractor's core competency. Different contractor organi- 
zations have different strengths and weaknesses. The unstructured 
nature of OTA implementation can lead to the elimination of formal 
processes, particulary with regard to system engineering, that are es- 
sential to the success of a program. Care must be taken that the OTA 
contractual instrument is written to include equivalent processes.1 

Government program management must both be aware of and com- 
pensate for those weaknesses on the part of its contractor or contrac- 
tor team. There are some areas—specifically flight testing beyond 
basic engineering flight test—in which virtually no contractor has a 
core competency. For instance, Ryan did very well in test execution 
but fared poorly in test planning. In these areas, the acquisition 
strategy should be altered to ensure that appropriate government or- 
ganizations are in charge. 

The government must also retain the authority to modify program 
goals as information is created. While increased contractor design 

^More recent programs using OTA have addressed this issue and have avoided many 
of the problems experienced in the early portions of the HAE UAV ACTD program. 
Giles K. Smith, Jeffrey A. Drezner, and Irving Lachow address this in "Assessing the 
Use of 'Other Transaction' Authority for Prototype Projects," DB-375-OSD, Santa 
Monica: RAND, forthcoming. 
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responsibility and management authority can contribute to innova- 
tion and streamlined program execution, the government must be 
able to enforce the execution of a program that addresses the gov- 
ernment's priorities and risk preferences. 

PROGRAM OBJECTIVES SHOULD BE MODIFIED AND 
BALANCED AS THE PROGRAM EVOLVES 

Overall cost and schedule were essentially fixed in the HAE UAV 
ACTD program, with system performance stated as the parameter 
with a degree of flexibility. The only system requirement, the UFP, 
appears to have been designed to promote the program's survival up 
to the point at which the Air Force found the HAE UAV systems use- 
ful and therefore became less concerned with its cost. This strategy 
was successful in the Global Hawk program, as the Air Force aban- 
doned the UFP shortly after D&E exercises proved the system's po- 
tential. The $10 million UFP instilled a cost consciousness both in 
the program office and at the contractor. 

We believe that cost, schedule, performance, and unit price should 
be stated as goals to be traded off within identified bounds. This ap- 
proach allows for more intelligent trade-offs and leads to more cost- 
effective system design solutions. When one or more of these four 
parameters are fixed, the program becomes irrationally constrained. 
Flexibility of this sort already exists, but its use requires enhance- 
ment and encouragement in the acquisition, user, and requirements 
communities. All of these communities need to be more accepting 
of innovative concepts and more accepting of the results of trade-offs 
among cost, schedule, and performance objectives. 

OPERATIONAL USERS MUST BE INVOLVED EARLY 

Users must include both operators and product users—i.e., those re- 
sponsible for putting the system into operation and those requiring 
the results of the system's successful operation. In most cases, these 
users are different communities or organizations with different per- 
spectives, cultures, and priorities.  Attention must be paid to the 
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valid requirements and desires of both users. It is the input and par- 
ticipation of operational users that allows trade-offs to be focused on 
key performance parameters that significantly affect mission capa- 
bility. 

Operational users must be incorporated into program decisions and 
processes early in the system's development, as it is these users who 
have the resources and knowledge to actively participate in the de- 
velopment process. To ensure the mutual support of both users and 
the success of the system under development, a mechanism should 
be put in place from the program's onset to quickly resolve user 
conflicts that are not easily resolved at the working level. We ac- 
knowledge, however, that involving operational users early in a de- 
velopment program is extremely challenging and that there are few 
examples of success. An operational user's desire to maximize oper- 
ational suitability and supportability may conflict with the objective 
of maturing new technology and demonstrating a core capability. 
The challenge for program management is to achieve the appropri- 
ate balance given the objectives of the effort. 

UP-FRONT PLANNING AND PREPARATION ARE CRITICAL 
TO SUCCESS 

Sufficient time should be spent very early in the program on develop- 
ing realistic cost, schedule, performance, and unit price goals as well 
as on creating a well-designed statement of overall program objec- 
tives to guide managers throughout the development activity. The 
characterization and assessment of risks, determination of nonre- 
curring engineering tasks, and planning for future transitions must 
also be conducted more thoroughly up front. These items should be 
revisited periodically during the course of the development effort. 

Whether between phases and associated stages of development and 
technical maturity or of management responsibility and approach, 
transitions can be anticipated and provisions made for their realiza- 
tion. Early planning, inclusion of all relevant stakeholders, top-level 
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support, and event-driven milestones can contribute to smoother 
transitions.2 

Organizations with a current or future interest in the system under 
development should have significant input into early planning. Key 
elements of the Air Force—particularly the operational users (ACQ— 
did not buy into the Global Hawk program. Had they been involved 
up front, a smoother program execution and transition into the force 
structure might have resulted. Early management plans should 
make it clear that the designated lead agency for post-ACTD activi- 
ties should plan on funding the operationalization of the system. 
Mid-program reviews, potentially held immediately after flight test 
begins, should yield considerable insight into the nature and utility 
of the system and the kinds of development activities required in the 
future. Earlier consideration of these issues should resolve most of 
the requirements and budgeting process mismatches that occur at 
the conclusion of an ACTD. 

A process should be put in place to ensure that the expectations of 
the various organizations involved in the program are managed and 
are realistic. In particular, expectations regarding the possible entry 
point of the system into the acquisition process should be thoroughly 
vetted. The acquisition and user communities should recognize that 
an important result of this type of approach might be the transfer of 
knowledge—new operational concepts, ideas, and technologies. 
These communities should also recognize that not all systems devel- 
oped elsewhere are inherently deficient. 

CONSISTENT SENIOR-LEVEL INVOLVEMENT AND 
SUPPORT IS CRITICAL TO SUCCESS 

The consistent involvement and support of senior decisionmakers 
from key stakeholders is a critical factor in an ACTD's successful pro- 
gram execution. These endorsements facilitated the transition of the 
system into the force structure as well as the management approach 
for  conducting  further  development,   test,   and  production. 

2For a complete discussion in the HAE UAV context, see Drezner and Leonard, 
Innovative Development: Global Hawk and DarkStar—Transitions Within and Out of 
the HAE UAV ACTD Program, 2001. 
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Stakeholders must include the leaders of the developing agency, the 
service and OSD acquisition organizations, the testing community, 
the designated unified command sponsor, and the operational user. 
Even with consistent senior-level support, resistance to new ideas 
can be expected throughout the organization. Senior-level support 
enables such resistance to be directly addressed and eventually over- 
come. 
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In 1994, the Defense Advonced Research Projects Agency and the Defense Airborne Reconnais- 

sance Office launched a joint initiative with the goal to overcome the impediments that fond ham- 

pered past unmanned aerial vehicle (ilA¥) development. This effort—designated the High- 

Altitude Endurance Unmanned Aerial Vehicle Advanced Concept Technology Demonstration (HAI 

UM ACTB) program—applied on innovative acquisition strategy to the development of two UAIs: 

one conventionally configured (Global Hawk) and the other with a low-observable configuration 

(DarltStar). This booli summarizes the major research findings regarding the HAI UAV ACID pro- 

gram's acquisition strategy. The authors conclude that despite DarkStar's cancellation—-and 

despite overall program cost growth and schedule slippoge in basic design and test of the two 

HAE UAV concepts, the ACTD program did accomplish its primary objective by successfully demon- 

strating the military utility of a UAV with a continuous, all-weather, wide-area surveillance capa- 

bility. Although the program's single requirement—the unit flyaway price—was not met, it did 

promote cost consciousness while at the same time preventing the imposition of additional sys- 

tem capabilities during the basic system development. The authors found the program's use of 

Otter Transactisi Authority to lend considerable flexibility to the effort. While the program's des- 

ignation os on ACTD imposed cost and schedule boundaries that constrained system development, 

it also provided a high degree of flexibility to adjust the program elocution. Areas of rish were 

addressed as they arose, and ecrly flight test experience was assinirted into continuing system 

development efforts. Relatively modest changes in up-front planning processes, the structured 

participation of operational users early in the program, and contract language regarding over- 

sight processes and incentives would ensure successful application of the acquisition strategy to 

a broader range of systems. 


