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he Integrated Systems Engineering Team (ISET) is a pragmatic means to 
integrate government, industry, and laboratory/academic organizations to 

develop national security space (NSS) systems. To ensure that the gov-
ernment can be an intelligent buyer and industry can be an informed provider of future 
operational production, including an ISET as part of the technical approach is highly 
effective for acquisition programs that require concept definition and operational proto-
typing. A core challenge within the NSS community is developing complex operational 
systems with utility across various organizational entities; the ISET provides the ability 
to allocate organizational capability to manage risk during program development and 
acquisition. The ISET approach also allows technical interactions among participants, 
without conflict of interest, ensuring the efficacy of future competition for operational 
space, weapon, or intelligence system development. It is necessary to incorporate var-
ious institutional entities because typical operational systems require extensive risk 
reduction during development; typical systems also require infusing technology, demon-
strating prototype capability, following acquisition processes, and evolving initial operat-
ing capability to a fully sustained operational system integrated with other supporting 
systems. The ISET is a means to leverage the strengths of the various entities during all 
phases of system development and acquisition by providing an open, technical forum 
for the exchange of knowledge, linking prior and current development efforts to reduce 
risks in future phases of system acquisition. The particular instantiation of the ISET 
described in this article was applied to a responsive, prototype operational system with 
tactical functionality.
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INTRODUCTION
The national security space (NSS) community, 

encompassing the DoD and the intelligence commu-
nity, continually faces the task of successfully developing 
complex systems to meet operational needs. It is difficult 
to mature a desired capability from concept and tech-
nology development, through demonstration, and into 
a successful acquisition that procures, deploys, operates, 
and sustains the desired capability in conjunction with 
other relevant systems. A critical underlying challenge 
in successfully completing such a system development 
effort can be posed as an essential question: How does 
a significant program manage government–industry 
interaction when considerable concept development, 
often best executed by laboratories and academia, must 
be completed before exercising the industrial base for a 
successful operational system acquisition and life cycle 
production?

NSS systems face aspects of this challenge to vary-
ing degrees across the development and acquisition 
cycle. Although mature capability needs, such as those 
for space-based navigation, may not require significant 
investment in high-risk technology development, exten-
sive government–industry interfacing and technology 
infusion are still necessary to evolve the capability to 
meet current and future operational needs. Conversely, 
a new capability such as space-based missile tracking 
may require substantial development of the prototype 
by a laboratory with expertise in missile defense system 
integration before a knowledgeable industrial base can 
produce reliable, space-based operational elements. 
Underlying implications of the question include the 
need to effectively execute tasks over time and across 
organizations, including technical trades, program and 
concept formulation, development and iteration of 
requirements, as well as the need to support information 
sharing to provide a foundation for meaningful competi-
tion and procurement from a knowledgeable industrial 
base. The particular knowledge that is needed to real-
ize a successful system acquisition is also necessary for 
industry providers to predict and meet the performance 
goals and cost and schedule constraints of the acquiring 
government entity.

An effective means to answer the system develop-
ment question posed at the start of the Introduction, and 
to mitigate the risks inherent in system acquisition, is a 
construct implemented by APL based on more than five 
decades of system development and transition in part-
nership with government, industry, and academia: the 
Integrated Systems Engineering Team (ISET). This his-
tory from which the ISET was derived presents lessons 
drawn from programs that have explored the boundar-
ies of complex system development, demonstration, and 
transition to operational status. This includes a spectrum 
of programs executed in partnership with government, 

industry, laboratory, and academic organizations. This 
includes operational space systems such as the Transit 
satellite navigation system, which spawned subsequent 
advances in geodesy, altimetry, and space-based naviga-
tion; the Area Air Defense Commander weapon system; 
and individual technologies at the subsystem, compo-
nent, and integrated circuit levels.1

The ISET is a construct with processes and mech-
anisms that can be used to mitigate program risk by 
appropriately allocating organizational capability across 
the development and acquisition phases of a system. 
This assumes that the essential capabilities needed are 
available among the participating organizations—for 
example, government expertise in contracting, guiding 
operational need, and assessing utility; laboratory exper-
tise in conceptual design and implementation, prototyp-
ing and technology development, system transition to 
industry, and sustained technical oversight; and industry 
expertise in production, economies of scale, and system 
sustainment and replenishment. Subsequent sections 
of this article will describe how these organizational 
capabilities are allocated and the benefits that can be 
achieved. 

The ISET is initiated and managed by the program 
office or their designee and encourages collaboration so 
that preprocurement engineering activities can occur in 
an open forum that includes resources from government, 
industry, laboratories, and academia. As a managed 
environment under the direction of a program office, 
or partnerships across program offices, the ISET is most 
effectively executed with a focus on technical products 
rather than simply by being a forum for discussion or 
consensus building. Although the ISET provides pro-
cesses to build technical understanding and consensus, 
it is best that it not act as a voting body; rather, the ISET 
should exercise empowered leadership and make recom-
mendations to the program office for decision.

The remainder of this article details the attributes and 
execution of an ISET in a manner applicable to the devel-
opment and acquisition of any complex system. After a 
description of the establishment, adjustment, and execu-
tion of the ISET, a recent implementation is described. 
This successful ISET example was implemented over 
multiple years to address the small-spacecraft develop-
ment needs of the Operationally Responsive Space 
(ORS) community within NSS. The ORS ISET focused 
on developing a set of militarily useful, small-spacecraft 
standards applicable to a range of tactical NSS missions. 
As described in the following sections, it was executed 
during development of a parallel, Laboratory-led, tactical 
satellite experimental mission in a manner such that the 
ORS ISET technical products could form the basis for 
future production through procurement from industry.

The critical attributes that led to the success of the 
ORS ISET are described in general, followed by the 
specific description of the ORS ISET and its resulting 
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technical products, thereby illustrating the applicability 
of the ISET to a broad range of programs. Subsequent 
sections detail the benefits to the program office that 
employs the ISET, the benefits to industry and partici-
pating organizations, the processes and mechanisms 
by which the ISET can be executed, use of an adjunct 
Integrated Business Management Team (IBMT) to allow 
industry to communicate with government regarding 
business-case issues, and experiential lessons learned. 

ISET BENEFITS TO THE PROGRAM OFFICE
A number of critical attributes of the ISET result in 

significant benefits to the program office. These benefits 
are applicable to an ISET implementation that may be 
pursued by program office partnerships or leadership 
structures consisting of multiple stakeholder entities, 
assuming there are clear leadership responsibilities and 
streamlined decision-making by the stakeholder team. 
The overarching benefit is the ability to allocate organi-
zational capability to phases of development where it is 
best suited; this is another means by which the program 
office can manage risk in developing and procuring 
highly complex systems. The other primary benefit to 
the program office is that the ISET provides a managed, 
controlled approach to fostering productive interaction 
among the government and the supporting industry and 
laboratory organizations.

With the goal of allocating organizational capability 
as a means to manage risk, the ISET allows the govern-
ment program office to leverage participating organiza-
tions in a manner best suited to organizational strengths 
while realizing positive incentives under which partici-
pating organizations operate. This idea applies to the 
government program office itself, which is typically best 
suited to contracting, overseeing and managing indepen-
dent assessment, guiding operational need, and assessing 
system utility in the operational context. Assuming that 
the program office is able to realize appropriate oversight 
and execution of the contract, the primary incentive 
to the government program office in the NSS arena is 
to acquire systems that are useful to the military or the 
intelligence community, that provide benefits that are 
commensurate with the cost, and that are delivered on 
schedule. Laboratory entities, however, are strongest in 
their technical ability to conceptualize operational need 
in terms of system implementations, to demonstrate 
prototype operations to reduce risk, to infuse enabling 
technology to enhance performance, and to transition 
the system to industry for production. Laboratories, and 
certain academic institutions, tend to be incentivized by 
developing new or gap-filling capabilities, exploiting and 
inventing new enabling technology, and maintaining 
essential research and development capability for the 
nation, often under conditions in which a business case 
does not yet exist. Conversely, industry is typically best 

suited to system production, system sustainment, and 
realizing economies of scale and operational efficiencies. 
Industry incentives are typically sustained profits and 
growth that result from proven capabilities. 

Understanding the capabilities and incentives asso-
ciated with engaging different organizations allows the 
program office to assign roles and responsibilities to the 
most effective organizations at appropriate phases in 
system development; whether that is conceptual design 
realization and technology infusion, which likely would 
leverage laboratories, or production, which is clearly a 
strength of industry. For particular ISET implementa-
tions, it is important to understand that for any given 
program situation, there will likely be overlaps and pos-
sible gaps in the range of capabilities and the driving 
incentives among participating entities; such overlaps or 
gaps must be taken into account for effective execution 
of the ISET. An underlying assumption in allocating 
organizational capability to manage risk is that a better 
understanding of the program goals and a solid basis for 
technical and programmatic trades can be achieved by 
exposing participants to all phases of development at 
some level of technical depth. This is an effective means 
to reduce risk as system development and acquisition 
evolves, at the cost of funding participation and sus-
tained interaction through the ISET.

Broad but managed involvement by participating 
organizations across system development phases illus-
trates the second overarching benefit of the ISET con-
struct to the government program office. Specifically, 
the ISET provides a controlled but technically mean-
ingful manner by which the program office may engage 
industry and laboratories early in system development 
while maintaining a legally competitive environment for 
future procurements. It provides the program office with 
access to expertise in areas for which additional techni-
cal support is beneficial. In addition, by engaging labora-
tories with relevant experience and qualified industrial 
organizations in early systems engineering analyses and 
development, the program office minimizes unexpected 
results or situations in the implemented system.

This minimization of “solution surprise” reduces 
programmatic risk and gives the government a deeper 
understanding of the viable industry-driven solution 
space for production and its relationship to any prototype 
laboratory-based demonstration elements. Conversely, 
industry gains a deep and technical understanding of 
explicit and implicit goals of the program office, and this 
knowledge can serve to streamline or even eliminate 
aspects of an acquisition such as the common Request 
for Information interactions.

Further streamlining can be realized by the ISET 
because the technical products that are developed are 
synthesized within a performance/cost/risk/schedule 
trade space that has been explored to some level by all 
participating organizations. This is an essential element 
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of effective systems engineering because it provides a 
means to address future trades and to adapt to modifica-
tions in requirements in a structured manner. Indeed, 
the ISET is a forum for vetting ideas, and executing 
critical technical trades and producing integrated prod-
ucts can serve to further streamline system development 
by directly supporting procurement documentation. 
Furthermore, no unfair or legally suspect competitive 
advantage is bestowed on future procurements because 
of the open manner in which trades are executed and 
technical products are produced.

ISET BENEFITS TO INDUSTRY, LABORATORIES, 
AND ACADEMIC PARTICIPANTS

The tasking of the ISET allows industry the opportu-
nity to work with the laboratory and government teams 
in an integrated, technical manner. Thus, industry rep-
resentatives have a means to put forth their good ideas 
during preproduction definition and prototyping of the 
system, and those ideas can be considered for future pro-
curements. Conflict of interest is managed by execut-
ing the ISET in an open manner without proprietary 
barriers. Conversely, if an industry participant chooses 
to retain technical information for future competitive 
advantage, it is not considered in the predevelopment 
requirements definition and prototyping efforts. How-
ever, because the ISET allows industry to be involved 
at a critical technical level at the onset of a program, 
participants are well informed of the trades, decisions, 
and government needs for operational production. Thus, 
in a future competitive procurement, industry has the 
opportunity to propose the technical and risk cases for 
those ideas that were withheld during implementation 
of the prototype.

The ISET therefore provides a controlled, technical 
means by which to drive proof-of-concept prototyping. 
The products, including trades, development processes, 
and prototype systems, are the basis on which the gov-
ernment can establish the acquisition material for the 
competitive production procurement. Participation by 
industry is advantageous for companies or consortia 
that are viable candidates for operational production 
because the participants will gain a detailed understand-
ing of the system and will have the opportunity to share 
critical aspects of the system with the government in a 
manner that is free of organizational conflict of interest. 
This is because the laboratory lead works with the ISET; 
however, technical decisions are made by the technical 
laboratory lead and become recommendations for gov-
ernment consideration. Furthermore, participation is 
encouraged by directly funding industry participation.

The resulting integrated interaction among indus-
try, laboratory, and government participants provides a 
positive construct that mitigates the belief that industry 

has a conflict of interest (e.g., “fox in the henhouse”). 
This impression of conflict is often a result of recent 
approaches such as Total Integration System Perfor-
mance Responsibility (TISPR) in which the government 
relied on industry both to develop system requirements 
and to implement the system. 

ISET MECHANICS AND PROCESSES
ISET member organizations are competitively selected 

based on the technical focus of the prototype and opera-
tional system being acquired. Individuals are appointed 
by their organizations to support the ISET, and the team 
is typically led by a systems engineer from the labora-
tory that is leading prototype or preproduction efforts. 
Although the program office can chair the ISET, it is 
typically advantageous for a laboratory to lead the team 
so that it represents an independent technical body that 
openly recommends to the government products that 
can be considered in future production acquisitions. 
Figure 1 shows a typical ISET organizational structure, 
including a potential parallel development team focused 

Figure 1. ISET structure. SE, systems engineer.
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on business strategy, termed the Integrated Business 
Management Team (IBMT). 

An essential element of the ISET approach is execu-
tion of the technical efforts across the team without 
proprietary barriers: succinctly put, nondisclosure agree-
ments are unnecessary and are not accepted among 
ISET members. During conceptual analysis, technical 
trades, and system prototyping, industry participants, at 
their individual discretion, are free to share technolo-
gies or approaches to meeting the capability needs of 
the system. Material that is shared as part of a trade or 
analysis is considered in any prototyping work, whereas 
material that industry chooses to retain for future com-
petitive advantage is not considered. Figure 2 shows 
details of the execution process for a typical ISET’s tech-
nical efforts, including examples of technical tasking 
such as engineering trades, vulnerability analyses, and 
technology assessments. Specific tasking is established 
by the ISET lead, as is participation in individual efforts. 
All collected source material and synthesized results are 
shared fully among the ISET members, and full partici-
pation by all ISET members in outbriefings, reports, and 
technical reviews is encouraged.

Success of this approach hinges on the fact that the 
laboratory team leading the effort must be capable of fill-
ing any technical gaps in the preproduction ISET efforts, 

up to and including developing and operating prototype 
space or weapon systems. In this sense, as a credible 
developer of prototype systems for an operational envi-
ronment in the best interest of the government, the lead 
laboratory team must execute the ISET. Because APL is 
typically prohibited from producing operational systems, 
a structure is established in which APL fills the tradi-
tional role of trusted technical advisor executing in the 
best interest of the government and is prohibited from 
competing with industry for future production contracts.

Although nondisclosure agreements are not executed 
among ISET members, controls are established to meet 
the government program office’s need to manage infor-
mation. This includes defining levels of material control 
to address public access, International Traffic in Arms 
Regulations restrictions, and classified material. An 
example of a data distribution relationship structure is 
shown in Fig. 3.

ADJUNCT IBMT
Whereas the ISET is specifically focused on techni-

cal development during system definition, requirements 
establishment, and prototyping, industry participants are 
driven by fundamental business-case issues. To minimize 
disruption to ISET efforts while still allowing industry 

Figure 2. Typical ISET technical tasking process.
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open access to business development, an adjunct IBMT 
structure that parallels ISET efforts has been leveraged. 
Structured much like the ISET, although often funded 
only for specific tasks such as detailed cost estimates, 
the IBMT is an open, fair, and legal means by which 
to obtain industry feedback and suggestions on critical 
procurement considerations. The IBMT is a structured 
means by which industry may raise issues and suggest 
acquisition approaches before a production competition 
and without conflict of interest. Examples of IBMT task-
ing include integrating relevant business-case informa-
tion into cost–benefit analyses and answering essential 
questions such as:

•	 What are the effects of multiple buys?
•	 What are the cost benefits of new technologies?
•	 What are the schedule implications associated with 

budget changes or program delays?
•	 What are the cost implications of a given sparing 

philosophy?
•	 What is involved in logistics and maintainability?
•	 How should procurements be structured?

ISET LESSONS LEARNED
Three primary challenges have presented them-

selves in recent ISET-like efforts during which industry, 
laboratory, and government personnel have engaged in 
integrated technical efforts. These challenges and the 
solutions that were successfully implemented are as 
follows.

•	 Challenge: Industry is unwilling to engage techni-
cally for fear of reducing its competitive advantage.

	J Solution implemented: Government/laboratory 
leadership must comprise a sufficient skill set to 
address technical areas that industry is hesitant 
to engage. Focus must be on a functional solu-
tion, not on a product-specific solution.

•	 Challenge: The industry business development 
team, rather than the technical experts, wants to 
engage.

	J Solution implemented: Force participating indi-
viduals to lead trades and to present detailed 
technical information to their peers. If neces-
sary, provide business management opportuni-
ties, such as an adjunct IBMT, but do not allow 
government funds to be expended in support of 
efforts other than specific detailed tasks such as 
extensive cost estimating or analyzing the cost–
risk effect of modifying existing production line 
processes.

•	 Challenge: The tendency for extensive debates, 
speechmaking, and unfocused discussions.

	J Solution implemented: Focus must be on well 
defined products [e.g., specification, standard, 
and interface definition; concept of operations 
(CONOPS); etc.]. All tasks are inputs to creat-
ing the product, and early in the process docu-
mentation is pulled together in draft form and 
is regularly reviewed and refined in detail by 
the technical team. This forces eyes on it, con-
tributions to it, and dedication to necessary but 
deliberative progress. Government or labora-
tory leadership must make decisions and cut off 
debate: ISET is not a democracy, but a product-
focused technical effort.

Key to successfully executing a program with inte-
grated government, laboratory, and industry participa-
tion is allocating capability to more effectively manage 
risk. The government is responsible for contracting, over-
sight, providing structures for independent assessment, 
guiding operational need, and assessing utility. Incen-
tives are acquiring systems that provide military utility 
and are within budget and on schedule. The laboratory 
is responsible for conceptualizing operational needs in 
terms of system implementations, demonstrations, tech-
nical risk reduction, prototyping, and transitioning the 
system to industry. Incentives are developing new or gap-
filling capabilities, exploiting and inventing technology, 
and maintaining essential research and development 
capability; the laboratory can think strategically and do 
things that are essential or high-risk but do not have an 
efficacious business case associated with them.

CASE STUDY: ORS ISET
The ISET implemented from 2005 to 2008 to advance 

the DoD’s ORS concept provides an end-to-end exam-
ple of a typical ISET construct. The context for the ORS 
ISET as well as the ISET’s focus and execution and its 
sample technical products serve as a realistic example 
that illustrates the utility of the construct for the gener-
alized discussions that follow.

ISET
process

Program office and executing agent

Government only

Data Distribution

ISET only

Public (ITAR-limited)

Public

Figure  3. Example of ISET data control and distribution. ITAR, 
International Traffic in Arms Regulations.
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In 2007, the DoD established the jointly funded ORS 
office at Kirtland Air Force Base, New Mexico, in a con-
tinuing effort to develop and field cost-effective, novel 
systems to address NSS needs such as the reconstitu-
tion of space system capability, augmentation of existing 
capabilities under high-use (e.g., surge) conditions, and 
realization of new warfighter capabilities. As the ORS 
office was being established, APL was leading an ORS 
ISET to provide industry a technical forum with which 
to make recommendations to the ORS office for future 
system developments. The focus of the ORS ISET was 
the coordinated product development for a class of ORS 
systems that integrate into the broader U.S. NSS capa-
bility. Specific technical efforts addressed development 
challenges through the effective use of standards for a 
tactical class of spacecraft bus; the subsequent imple-
mentation of those standards was used as a validation 
exercise and also to provide a spacecraft bus for the 
TacSat-4 COMMx mission for communications-on-the-
move applications. 

ORS Phase III Bus Standards: Background and 
Objectives

APL, in partnership with the U.S. Naval Research 
Laboratory (NRL), was tasked to generate standards for 
the production of responsive spacecraft buses as Phase III 
of a multiphase ORS development effort initiated by the 
Office of the Secretary of Defense’s Office of Force Tran-
sition in 2005. The final development phase, Phase IV, 
intended to be led by the U.S. Air Force (USAF) Space 
and Missile Systems Center, was to use these standards 
as an input to the procurement of spacecraft buses for 
ORS systems.2–6 Phase IV was realized on 21 May 2007, 
with the establishment of the ORS program office in 
Albuquerque, New Mexico.

The ORS Phase III bus standards program was estab-
lished to pursue the following primary objectives: (i) to 
establish a national systems engineering working group 
populated with representatives from U.S. laboratories, 
small-satellite industry, government, and academia to 
develop primary interface standards for a class of ORS 
spacecraft; and (ii) to validate or refine a subset of those 
standards by prototyping a flight system. This bus was to 
be used for the execution of a tactical space flight dem-
onstration, eventually defined to be a communications 
mission, TacSat-4 COMMx. 

ORS Bus Standards Development Task
Pursuit of the first objective is evidenced by the work 

of the ISET, with broad participation from industry 
small-spacecraft integrators and academia. The ISET 
defined a set of ORS bus standards, in an open environ-
ment, that are applicable to a significant set of militarily 
useful missions. The ISET was chaired by APL during 

the development phase, and its leadership transitioned 
to the USAF Space Development and Test Wing as 
planned as part of the transition to and maintenance of 
the ISET standards by the joint ORS office. 

Development of the ISET bus standards was initially 
informed by efforts carried out during Phase I of the pro-
gram, which consisted primarily of a utility analysis led 
by the Massachusetts Institute of Technology Lincoln 
Laboratory.7 This initial analysis was intended to pro-
vide feasibility and guidance for determining a balance 
between cost and performance of ORS spacecraft to be 
militarily useful. The report had several findings: First, 
a tactical spacecraft bus, standardized across variety of 
NSS missions, can meet many, but not all, needs of a tac-
tical commander. Second, small-sized tactical satellites 
can achieve large increases in mission utility if used in 
constellations to improve persistence. Lastly, there exist 
standard performance specifications for a small tactical 
satellite bus that satisfy a wide range of NSS missions.

Table 1 summarizes the various performance charac-
teristics generated by the Phase I study for the type of 
spacecraft bus applicable to an ORS system considering 
a wide range of NSS missions. Each column presents 
the performance characteristic required for a spacecraft 
bus to meet the overall performance goal stated in the 
column heading; thus, actual ORS spacecraft character-
istics should not be less than those presented or they 
will not be useful, and they also should not be much 
greater or they will break the low-cost and responsive-
ness model. 

The primary conclusions of the study provided ini-
tial evidence that a tactical spacecraft bus developed 
to standard interfaces could meet a significant subset of 
needs for tactical applications; however, the details of an 
actual system depended on a number of undetermined 
modeling assumptions, as evidenced by the multiple col-
umns in Table 1. This created the theoretical hypothesis; 
however, an experimental existence proof was required 
to ascertain whether a critical balance between capabil-
ity and cost for military utility in real-world production 
was achievable. 

ORS Phase III ISET Development Model
Participants in the ISET were assembled from a group 

of participants from each potential stakeholder and cov-
ered both the present development and future sustain-
ment of the program (Fig. 4). The keys to the success of 
this team construct were the establishment of the lead-
ership and the invitation of the participants. It was nec-
essary to ensure that the leadership group was comprised 
of individuals who possessed both deep and practical 
knowledge of the environment and product under con-
sideration in addition to an impartial and unbiased stake 
in the ultimate products developed. It was necessary to 
openly solicit participation from as many relevant gov-
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ernment participants as well as to directly fund partici-
pation from all potential industrial partners. Through 
this active solicitation of industry, it was expected that 
both large and small companies would participate, unen-
cumbered by the cost of volunteered contributions, and 
truly knowledgeable and practical experience would be 
provided, unfettered by marketing and business engage-
ment interactions.

To solicit involvement, the ORS Phase III bus stan-
dards effort began with an industry day briefing on 
31 March 2005. The half-day briefing was well attended 
by many aerospace companies. U.S. small-satellite inte-
gration companies were encouraged to submit propos-
als to participate in the ISET. Proposals were evaluated 
in early May. The proposal selection criteria focused on 
small-satellite companies that are established small-sat-
ellite integrators with experience building flight hard-
ware within the last 10 years. Initially eight companies 
were awarded participation contracts, which increased 
to 10 companies by the end of the effort.

The first ISET meeting was held at APL on 3 June 
2005. During this meeting, the results of the Phase I 
study were reviewed as a starting point for the effort. The 
remaining time was spent brainstorming on how to pro-
ceed for future deliberations. This activity was facilitated 
by requiring each of the participants to prepare a brief-
ing using their own experience and company perspective 
on how the team should proceed. It was noted that many 
efforts of this nature had been tried in futility before and 

that if the charter of the ISET group was to design yet 
another standard bus, it was certainly destined to fail.

Instead, the ISET group adopted the following char-
ter: “Generate a set of spacecraft bus standards, in suf-
ficient detail to allow a space vehicle manufacturer to 
design, build, integrate, test, and deliver a low-cost 
spacecraft bus satisfying an enveloping set of mission 
requirements (launch vehicle, target orbit, payload, etc.) 
in support of a tactical ORS mission.” This became the 
measure by which all activities were evaluated to ensure 
the effort stayed on track.

In response to the charter, the ISET identified four 
objectives and goals to achieve in support of tactical 
ORS missions. First, the team would extract from the 
Massachusetts Institute of Technology Lincoln Labo-
ratory study and other resources a top-level set of mis-
sion requirements and CONOPS for ORS spacecraft. 
Second, the external interfaces of a standard spacecraft 
bus would be identified and standards established for 
each of those interfaces. As much as possible, the ISET 
would stay away from defining the internal interfaces 
within the spacecraft. This was a universal require-
ment from the industry participants such that indi-
vidual spacecraft designers and manufacturers would be 
free to define those interfaces within their own specific 
spacecraft designs. Third, the functional and perfor-
mance standards for the standard spacecraft bus needed 
to be established. Fourth, in specific support of Phase 
IV acquisition activities, the ISET needed to establish 
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programmatic mission-assurance and quality-assurance 
recommendations.

In keeping with the charter, it was also necessary to 
record the assumptions and constraints the ISET would 
accept before drafting any standards. First, to support 
tactical ORS, the system needed to consider tasking and 
data dissemination to the theater; however, access would 
be limited to the theater-command level. The second 
assumption stipulated that when “standard” spacecraft 
buses go into production, the nth-item goal for produc-
tion costs should be less than $25 million, and the pro-
duction volume requested by the government should be 
at least five spacecraft per year on a perpetual basis. The 
intent is to continuously launch ORS buses and pay-
loads to respond to crises, to be used in experiments, and 
to maintain operational readiness. The third defining 
assumption mandated that the standard spacecraft buses, 
in addition to payloads, would be procured in advance of 
needs and stored in prepositioned integration facilities. 
Responsiveness would be achieved at the mission level. 
The timeline from payload/spacecraft bus integration to 
operational use, including payload integration, launch 
processing, and on-station checkout, would be less than 
7 days. Lastly, the ORS standard spacecraft bus should 
have an operational lifetime of 1 year. 

Subsequent meetings were conducted approximately 
every 3 –4 weeks at each of the participating industrial 
partners’ locations across the country. These “delib-
eration sessions” would become the central mechanism 

for achieving the success of the ISET effort. Typically, 
before these sessions each of the team members were 
directly tasked to research one or more areas and pro-
vide a briefing to be presented to the team at the next 
session. In addition, specific vendors and outside inter-
facing organizations, such as government stakeholders or 
members of the community that would use the system 
under development, were asked to come and present 
information to the team. Thus, these sessions facilitated 
information gathering and rigorous technical and pro-
grammatic discussion such that the ISET could build a 
technical basis to support the standards effort. 

The detailed roundtable discussions during these 
sessions were an enjoyable part of the process, as each 
member weighed in with his or her expertise on the wide 
range of topics discussed. 

To bring a quick focus to the deliberation sessions, the 
APL-led systems engineering team formulated a series of 
topics for initiating trade studies in support of the stan-
dards development activity. Topic chairs were chosen 
from within the ISET on the basis of their technical 
backgrounds and willingness. The basic requirements 
used to establish the topic areas were the external inter-
faces for the spacecraft bus and the ability for a single 
bus to support a wide variety of missions. In summary, 
the following initial discussion topics were established:

•	 ISET focus, goals, and accomplishments: The ele-
ments critical to the success of a bus standards devel-
opment effort, the lessons learned from previous bus 

Table 1. ORS spacecraft bus characteristics from Phase I study statistically envelop military utility for classes of small spacecraft.

Maximum Utility, 
Low Cost

400-kg Limit 250-kg Limit
Maximum Utility/

Cost
Payload power (W) 250.0 200.0 100.0 250.0
Payload mass (kg) 200.0 150.0 100.0 100.0
Downlink rate (MB/sec) 50.0 50.0 50.0 10.0
Orbits (no./day) 12.0 8.0 3.0 12.0
Pointing knowledge (arcsec) 10.0 10.0 10.0 10.0
Pointing control (arcsec) 40.0 40.0 60.0 60.0
Slew rate (º/min) 10.0 10.0 10.0 10.0
Mission life (years) 2.0 2.0 2.0 2.0
Payload duty (fraction) 0.2 0.5 0.2 0.2
Downlink band (GHz) 7.5 7.5 7.5 7.5
Maximum DV (m/sec) 500.0 100.0 0.0 100.0
Total mass (kg) 566.8 378.1 238.4 264.7
Bus mass (kg) 366.8 228.1 138.4 164.7
Bus dry mass (kg) 288.7 216.2 137.8 156.4
Average power (W) 183.6 228.7 140.9 166.2
Peak power (W) 432.58 411.2 294.5 414.4
Array area (m2) 1.1 1.4 0.9 1.0
Battery capacity (W $h) 306.2 381.1 234.1 276.9
Total volume (m3) 0.4 0.3 0.2 0.3
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standards efforts, and the assumptions, goals, and 
products were the subject of this topic.

•	 Mission-level requirements and CONOPS: Given 
the limited and disparate definition of tactically ORS 
among the community, it was necessary for the ISET 
to define, to a sufficient level of detail, the scope of 
an entire ORS system to derive requirements for the 
spacecraft bus.

•	 Design differences between highly elliptical orbit 
and low-Earth-orbit spacecraft: The Massachusetts 
Institute of Technology Lincoln Laboratory Phase 
I analysis assumed that the standard spacecraft bus 
could support low-Earth-orbit and highly ellipti-
cal orbit missions. The group discussing this topic 
was tasked with understanding the potential com-
monalities and differences in spacecraft bus design 
between these mission types.

•	 Payload support envelopes: The group focused on 
this topic was tasked with defining a payload support 
envelope, on the basis of requirements breakpoints, 
that will satisfy a notional 80% of potential ORS 
missions.

•	 Launch vehicle envelopes: One key component of 
the ORS system as defined is the responsive launch 
with an underlying key requirement for the defini-
tion of a standard interface to be used across mul-
tiple potential launch vehicles.

•	 Bus functional decomposition: At the core of this 
debate was whether the bus standard should mandate 
a bus functional decomposition. It was expected that 
a general and objective analysis of the functional 
decomposition of the spacecraft bus, as applied to 
the ORS mission space, would inform the level and 
need for the spacecraft modularity.

•	 Testing and verification approaches: The group 
discussing this topic was tasked to develop a cost-
effective testing and verification approach for mul-
tiple-spacecraft builds and to identify the means of 
minimizing the cycle time from call-up through on-
orbit checkout.

•	 Communications interfaces: Another key external 
interface of the ORS standard bus would be RF com-
munications with the ground. The group focused on 
this topic was tasked with investigating standardiza-
tion for spacecraft command and control communi-
cations link and the tactical communication link. 

•	 Ground support checkout interface: In support of 
the rapid call-up scenario, the group concentrating 
on this topic was tasked with developing standards 
for interfacing with the standard spacecraft bus and 
the future integration depot as well as interfacing the 
bus with the payload and processing the integrated 
space vehicle though launch. This requirement for 

rapid, automated interface verification between 
spacecraft and payload at the launch site is one of 
the unique activities under the ORS system design.

•	 Operations center interface: Although not always 
identified as a unique external interface with a space 
vehicle separate from the RF interface, the interface 
with the operations segment of ORS deserved spe-
cific consideration.

To ensure timely progress by the team and to open 
up the products of the team to much wider stakeholder 
review, a near-term systems requirements review was 
scheduled within 6 months of the start of team discus-
sions. To ensure a satisfactory product from the ISET 
team members, participants for the review committee, 
in addition to membership from the sponsoring govern-
ment entities, were solicited from the home organiza-
tions for each of the industrial members of the ISET. 

Ultimately the ORS construct developed through the 
ISET model was distilled into four documents to estab-
lish the ORS Phase III bus standards:

•	 Mission requirements and CONOPS document: 
This document presents a top-level definition of 
the overall ORS mission, as defined by the ISET. It 
breaks down the system into system segments and 
defines the scope of the standards in each segment. 
It presents the basic CONOPS timelines for asset 
call-up, integration, launch, and on-orbit operations. 
It also discusses basic mission definitions, assump-
tions on which these standards are based, and the 
evolution from the Phase I efforts.

•	 Launch vehicle interface document: This docu-
ment defines, in sufficient detail, the interface of the 
spacecraft bus to a generic ORS launch vehicle. It 
is expected that no additional launch vehicle infor-
mation would be needed for a spacecraft manufac-
turer to build a spacecraft bus to fly in the ORS 
system. Thus, this document should be considered 
more than a guide; it is actually an interface control 
document from the launch vehicle perspective. It 
includes pre- and powered-flight environments and 
all interfaces (mechanical, electrical, thermal, etc.).

•	 Payload developers’ guide: This document defines, 
in complete detail, the support accommodations for 
a generic payload by the spacecraft bus. The docu-
ment defines the interface between the payload and 
the spacecraft bus (mechanical, electrical, data, 
thermal, etc.); the envelope of performance the 
spacecraft bus must provide for the payload; the con-
straints within which the payload must be designed; 
an envelope of operational capability for the pay-
load; and all of the documentation requirements and 
integration, testing, and operational philosophies of 
the ORS systems as they pertain to the payload. It is 
expected that the designer of a payload would need 
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to use only this document to design, manufacture, 
and test a payload for the ORS system.

•	 General bus standards document: This document 
defines all the requirements for designing, manufac-
turing, and testing the ORS spacecraft bus that are 
not already defined within the three preceding docu-
ments described. Explicitly, this document contains 
general programmatic requirements for interactions 
of the vehicle manufacturer with the government, 
RF communications interfaces, interfaces with 
both the ground operators for the spacecraft com-
mand and control, bus functional and performance 
requirements, ground support equipment and depot 
integration facility requirements, and mission- and 
quality-assurance provisions.

ORS Phase III Prototype Bus Implementation Task
The second objective of the ORS Phase III bus stan-

dards program was to validate a subset of the bus inter-
face standards developed by the ISET and provide a 
qualified bus for the TacSat-4 experimental mission. The 
prototype bus has been developed jointly by APL and 
NRL with subsystem leadership and technical support 
divided between the two organizations. The bus will be 
integrated and tested at NRL. The COMMx payload for 
the TacSat-4 mission is also being developed at NRL, 
and it will be used to verify and vali-
date the critical bus/payload interface 
standards defined by the ISET. 

The prototype bus implementation 
team consists of engineers from APL 
and NRL. To provide continuity with 
the ISET bus standards efforts and 
the critical feedback related to issues, 
challenges, and new ideas, the ISET 
members have acted as the design 
review panel at every major design 
review. Consistent with ISET delib-
eration sessions, all design reviews 
for the prototype bus build have been 
open to the ORS community with an 
extremely broad distribution of infor-
mation for those who choose to attend 
or are interested in following develop-
ments by reviewing the material pro-
vided on the project website.

Milestone design reviews were 
implemented to provide additional 
oversight by the community, to share 
progress, and to improve both the pro-
totype bus and the processes; all feed-
back received during the reviews was 
tracked and considered by the ISET 
for inclusion in the standards docu-
ments that have been produced.

A critical aspect of the relationship between the 
prototype bus implementation team and the ISET bus 
standards effort is the manner in which the process was 
managed; the manner was perhaps unique due to the 
nature of the program. Specifically, the bus implementa-
tion team baselined an early set of ISET standards and 
interfaces to provide a consistent means of comparison 
throughout the life of the program. It was known, how-
ever, that many issues were still unresolved at that par-
ticular time and that additional standards and interface 
development was in process. As the ISET continued to 
mature the standards, the prototype bus implementa-
tion team provided inputs and technical responses to 
ISET queries, but new or refined ISET standards were 
not imposed on the bus implementation team. Thus, the 
bus implementation team was able to inform the ISET 
efforts but was not required to react to a continuous flow 
of changes and considerations generated by the ISET. 
This resulted in the progression of the prototype bus 
implementation toward completion and at the same time 
produced a more complete and informed set of released 
ISET standards. This process is illustrated in Fig. 5.

Once integration and testing of the prototype bus is 
concluded, and no later than the preship review, the bus 
implementation team will compare the implemented 
bus to the ISET standards as a means of validating a 
subset of those standards.

ISET Products

Mission requirements
document

NCST-D-CX010

Launch service
interface standards
NCST-IDS-SB002

ORS/Joint Warfighting Space System CONOPS
NCST-D-SB001

General spacecraft bus
standard document

NCST-S-SB001

Payload developer
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NCST-IDS-SB001

COMMx Payload
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to be verified

To ISET for review and 
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Minotaur-IV, S48V

Minotaur-IV interface
control document

NCST-IDS-SBXXX

Implementation PDG
NCST-IDS-SB003

Spacecraft bus requirements 
for the standard bus project 

NCST-D-SB002

Figure 5. Prototype ORS bus implementation requirements flow showing ISET tech-
nical products and their relationship to the developmental phases of the TacSat-4  
program.



EFFECTIVE INTEGRATION TO DEVELOP AND ACQUIRE NSS SYSTEMS

JOHNS HOPKINS APL TECHNICAL DIGEST, VOLUME 29, NUMBER 3 (2010) 245

CONCLUSIONS
The ISET construct improves the effectiveness of 

complex system acquisition by facilitating close col-
laboration among laboratory, government, and indus-
try, without conflict of interest. The ISET approach 
provides a managed but open technique by which the 
government can develop a detailed understanding of 
what must be acquired to meet operational needs of 
NSS or weapon systems. Implementation of the ISET 
better defines for the government what is to be acquired, 
facilitates technical risk reduction before an operational 
procurement in a manner that allows laboratory innova-
tion to be leveraged, and engages industry suppliers such 
that they can obtain a deep understanding of the gov-
ernment’s future procurement needs. The effectiveness 
of the ISET is demonstrated in the sustained effort on 
behalf of the Office of the Secretary of Defense’s devel-
opment of ORS.

The prototype build of the ORS Phase III spacecraft 
bus to support the TacSat-4 mission was completed as 
scheduled in April 2008 and awaits launch on a Mino-
taur IV vehicle during FY2011. Through the efforts of 
the ISET, the program has successfully produced an 
extensive and well documented set of standards and 
interfaces for cost-effective spacecraft bus systems of the 
class of missions considered. Validation of a subset of 
these standards is proceeding through the development 
of the prototype bus in an open manner that allows 
government and industry insight into successful imple-
mentation approaches and challenges that have arisen. 
Because APL and NRL have led the development of the 
prototype bus, no proprietary claims have been exercised 
and any design aspects and techniques are available to 
the government sponsor for future consideration in 
industry-supplied operational builds.

ACKNOWLEDGMENTS: The information contained in this 
article includes a consolidated summary of the com-
bined effort of prototype bus implementation team 
members at APL and NRL as well as efforts of supporting 
contractors and component suppliers. We acknowledge 
the following participants: M. T. Marley, C. T. Apland, R. E. 
Lee, B. D. Williams, E. D. Schaefer, S. R. Vernon, and P. D. 
Schwartz. We also acknowledge the efforts of the ISET 
members at the ORS Phase III systems requirements 

review held on 8 and 9 November 2005. Thus, we rec-
ognize the contributions of each of the team members, 
listed in alphabetical order by company affiliation: Aaron 
Rogers (formerly of AeroAstro, Inc.) and Bob Summers 
(AeroAstro, Inc.); Paul Tarbuck (Boeing); Dr. Gerry Murphy 
(Design Net Engineering); Bob Smith (General Dynamics/
Spectrum Astro); Dr. Kirk Stewart and Paul Graven (Micro-
cosm, Inc.); Jeff Summers (MicroSat Systems); Larry Slivin-
ski (Orbital Sciences); Dr. Allan Mense and Chuck McMul-
lin (Raytheon); Blake Crowther and Jim Dyer (Space 
Dynamics Laboratory); Dr. Walter Gelon (Space Systems/
Loral); and Jeff Baker and Ms. Deborah Westley (Swales 
Aerospace). We thank Colonel Jay Raymond (USAF) and 
Colonel Thomas Doyne (USAF) for supporting the ORS 
ISET implementation; Michael Hurley (NRL), Christopher 
Garner (U.S. government), and William Raynor (NRL) for 
supporting and participating in the ORS ISET and IBMT; 
and Andrew Driesman (APL) for documenting the ISET 
execution processes, tasking, and data controls.

REFERENCES

 1Worth, H. E., and Warren, M., Transit to Tomorrow: Fifty Years of 
Space Research at The Johns Hopkins University Applied Physics Labo-
ratory, The Johns Hopkins University Applied Physics Laboratory, 
Laurel, MD (2009).

 2Garner, J., Hurly, M., Sandhoo, S., Finnegan, E., Stadter, P., and 
Kantsiper, B., “ORS Phase III Bus Standards Status,” in Proc. AIAA 
4th Responsive Space Conf. 2006, Los Angeles, CA, paper RS4-2006-
3005 (2006).

 3Doyne, T., Stadter, P., Schein, C., Finnegan, E., Vernon, S., et al., 
“ISET ORS Bus Standards and Prototype,” in Proc. AIAA 5th Respon-
sive Space Conf. 2007, Los Angeles, CA, paper RS5-2007-3002 (2007).

 4Stadter, P., Schein, C., Marley, M., Apland, C., Lee, R., et al., “Respon-
sive Spacecraft Bus Implementation for unique HEO Missions Based 
on Standard Interfaces,” in Proc. AIAA 5th Responsive Space Conf. 
2007, Los Angeles, CA, paper RS5-2007-4004 (2007).

 5Stadter, P., Schein, C., Marley, M., Apland, C., Lee, R., et al., 
“Responsive Spacecraft Bus Implementation for HEO Missions 
Designed to Bridge Prototype and Operational Systems,” in Proc. 
AIAA 6th Responsive Space Conf. 2008, Los Angeles, CA, paper RS6-
2008-4003 (2007).

 6Raymond, J., Glaros, G., Stadter, P., Reed, C., Finnegan, E., et al., “A 
TACSAT Update and the ORS/JWS Standard Bus,” in Proc. AIAA 
3rd Responsive Space Conf. 2008, Los Angeles, CA, paper RS3-2005-
1006 (2005).

 7Brenizer, D., Andrews, S., and Hogan, G., A Standard Satellite Bus 
for National Security Space Missions: Phase I Analysis in Support of 
OSD/OFT Joint Warfighting Space Satellite Standards Efforts, Massa-
chusetts Institute of Technology Lincoln Laboratory, Lexington, MA, 
March 2005.



P. A. STADTER, C. L. B. REED, and E. J. FINNEGAN

JOHNS HOPKINS APL TECHNICAL DIGEST, VOLUME 29, NUMBER 3 (2010)246

The Authors
Patrick A. Stadter is a Principal Professional Staff member at APL and Chief of Research, Development, and Engineer-
ing for the NSS business area. He led the ORS Bus Standards Program and is the Precision Tracking Space System Pro-
gram Manager. Dr. Stadter earned a Ph.D. from The Pennsylvania State University (1997), an M.S.E.E. from The Johns 
Hopkins University (1993), and a B.S.E.E from the University of Notre Dame (1991). Cheryl L. B. Reed is a Principal Pro-
fessional Staff member at APL, Head of Program Development for the Civilian Space (CS) business area, Deputy Program 
Manager for CS Exploration Programs, and the Standing Review Board Chair for NASA’s GRAIL Mission. She served as 
Deputy Program Manager for the ORS Bus Standards Program and has been a management lead on numerous other NSS 
and CS projects since joining APL in 1985. Ms. Reed received an M.A. in international affairs from American University 
(1985) and a B.A. in business administration from New England College in Arundel, England (1982). Eric J. Finnegan is 
a Principal Professional Staff member at APL and Assistant Group Supervisor for NSS in the Space Department’s Space 
Systems Applications Group. He is the Mission Systems Engineer responsible for all technical aspects of the of the NASA 
MESSENGER mission to Mercury and served as the lead systems engineer overseeing the ISET, a combined industry 

and government team responsible for developing the 
spacecraft bus standards for the ORS Bus Standards 
Program. Mr. Finnegan has an M.S. in electrical 
engineering from the University of Pennsylvania 
and a B.S., with honors, in aerospace engineer-
ing from the State University of New York at Buf-
falo. For further information on the work reported 
here, contact Patrick Stadter. His e-mail address is  
patrick.stadter@jhuapl.edu.Cheryl L. B. ReedPatrick A. Stadter Eric J. Finnegan

The Johns Hopkins APL Technical Digest can be accessed electronically at www.jhuapl.edu/techdigest.


