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about CSIS
The Center for Strategic and International Studies (CSIS) is a non-proﬁt, bipartisan public policy organization
established in 1962 to address international policy issues and to provide policy options and solutions. Over
the years, it has grown to be one of the largest organizations of its kind – with a staff of over 190 and some
100 analysts tracking policy issues and developments in countries across the world. Its luminaries include
William Brock, Harold Brown, Zbigniew Brzezinski, Carla Hills, Henry Kissinger and James Schlesinger.
For four decades, CSIS has been dedicated to providing world leaders with strategic insights on – and policy
solutions to – current and emerging global issues. CSIS is led by John J. Hamre, formerly deputy secretary
of defense, who has been president and CEO since April 2000. It is guided by a board of trustees chaired by
former senator Sam Nunn and consisting of prominent individuals from both the public and private sectors.
The CSIS staff focus primarily on three subject areas. First, CSIS addresses the full spectrum of new
challenges to national international security. Second, we maintain resident experts on all of the World’s
major geographical regions. Third, we are committed to helping to develop new methods of governance
for the global age; to this end, CSIS has programs on technology and public policy, international trade and
ﬁnance, and energy.

about HSEI

Only sixty-six years after the invention of ﬂight, a man walked on the Moon – a stunning feat of human
ingenuity and endeavor. But in the last thirty four years, this journey of exploration has lost its momentum.
The human race remains stuck in near earth orbit and the exploration of remote worlds remains a distant
dream.
The Human Space Exploration Initiative at the Center for Strategic and International Studies (CSIS), initiated
in June 2003, seeks to examine new international perspectives on the future of human presence in space,
assess their relative prospects, and build a new common global vision and agenda for the future of human
space exploration.
The project is examining the feasibility of these competing visions for human space exploration, looking
in particular at challenges in three key areas, central to realizing future prospects of humans in space:
Governance, Financial Mechanisms and Public Support.
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Front Cover: Astronaut Charlie Duke, originally slated as the backup pilot for ill-fated Apollo 13 mission, ultimately succeeded in
making it to the lunar surface as the pilot of the Lunar Module for Apollo 16.

Back Cover: Although the landing was nearly aborted due to engine malfunctions, Duke was able to land the Orion LM on the
lunar surface. He left this portrait, on the surface of the moon to commemorate his journey.
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A lightning storm hours before the 1983
launch of the Space Shuttle Challenger.

introduction
To address issues related to interoperability in space

exploration with Allan Shepard’s suborbital ﬂight in 1961 and

exploration, the Human Space Exploration Initiative (HSEI)

Neil Armstrong’s ﬁrst steps on the lunar surface in 1969. These

at the Center for Strategic and International Studies (CSIS),

accomplishments must be viewed in comparison with the

the Center for Aerospace Policy Research of the School of

subsequent three-and-a-half-decade—and counting—retreat

Public Policy at George Mason University, and the American

from the lunar surface. Clearly, technology is not, in and of

Astronautical Society co-organized a major international

itself, an insurmountable obstacle. The creation of a robust,

seminar on interoperability in space exploration at the Arlington

stable, and sustainable foundation for exploration is, however,

campus of George Mason University, near Washington, D.C.,

a problem that space exploration has not been able to solve.

on September 6 and 7, 2006. This seminar included panels
that explored examples of interoperability from inside and

The biggest threats to space exploration result from the

outside of the space sector to highlight various facets of

related lack of critical path redundancy and resources. Based

interoperability, followed by discussions of lessons learned

on the experiences of the ﬁrst half-century of human space

from both the private and public sector on interoperability.

exploration, we can see that single-point technological
vulnerabilities, while dangerous, pale in signiﬁcance to the

In this age of globalization, greater connectivity is increasingly

threat posed by the risks associated with single-point political

the rule. Interoperability is necessary to make efﬁcient use

and policy failures—such as reliance on sustained political

of such trends and remain economically and technologically

support in austere budget environments. In order to mitigate

competitive. Interoperability is a characteristic of disparate

this policy risk and ensure that space exploration does not

systems, processes, information, or products that allows

remain an unfocused and disconnected series of ﬁts and starts,

their interconnection for the pursuit of a common goal. In

it is essential that the basis for space exploration be both

many disciplines, such as information technology, aerospace,

broad (encompassing the entire globe) and deep (involving

and logistics, interoperability has become an essential

government and commercial actors from a multitude of ﬁelds

requirement for success. Highly interoperable systems allow

and, where appropriate, the public in general). Without this

for the creation of open architectures that exhibit emergent,

stable foundation, past experience suggests that human

transformational behaviors just as horizontal economies

space exploration will be a timid and erratic affair, rather

of scale create global efﬁciencies. Some consider the

than the kind of bold and sustained endeavor characteristic

production of synergistic outcomes a distinguishing feature

of historically signiﬁcant exploration. And, much like such

of interoperability. Interoperability in both technical and

efforts, space exploration will rely on the strong involvement

institutional arenas is essential in the creation of the kinds

of the private sector—both technologically and ﬁnancially.

of network-centric systems that produce robust, ﬂexible,
extensible, sustainable, and dynamic large-scale architectures.

The kind of special-purpose, tightly focused efforts that

Yet this same type of integration is still relatively rare within

have characterized the history of space exploration have

a space-exploration environment where countries have few

resulted in the creation of very complex, highly integrated,

common standards, deﬁnitions, practices, or objectives.

noninteroperable systems. To make the transition to a
successful and sustainable long-term effort, the methods

Space exploration has, over the last ﬁve decades, been typiﬁed

by which we approach space exploration must themselves

by intense bursts of activity that have produced astounding

change to allow for the expansion of the base of support—in

results. The launch of the ﬁrst artiﬁcial satellite, Sputnik,

terms of technology, resources, and policy—for space

was followed less than four years later by the ﬂight of Yuri

exploration. Such a transformation hinges on the absorption

Gagarin, the ﬁrst human in space. Little more than eight years

and implementation of the lessons and best practices of

elapsed between the United States’ entry into human space

interoperability from other sectors and at all levels.
5

A launch vehicle completed for the Apollo Program – the most complex and challenging
technological feat of its day – being rolled out from the Vehicle Assembly Building.

from highly integrated solutions
to a ﬂexible system-of-systems
A number of panelists, during both the presentations and

investing for the short term or long term. Some sacriﬁces

the discussion sessions, noted that space systems have

inherent in design trades for space systems can be mitigated

traditionally been very highly integrated designs, carefully

by the adoption of other development methodologies, such as

optimized for maximum performance in weight, power, and

spiral development and real options. These approaches provide

safety. Greg Glaros of the Synnexus Corporation pointed

a portion of the solution to the programmatic challenges of

out in his discussion of program development during the

space system development, which is strongly complemented

panel session on hardware interoperability (see Annex I for

by interoperability. More broadly, however, interoperability is

his presentation) that, in general, this approach results in

valuable not only as a tool for changing systems, but also as

high-performance designs that are inﬂexible, aren’t truly

a means to shape the entire basis for space exploration.

interoperable, and are unable to evolve fast enough to keep
pace with technological change. Such systems, while providing

Programs that produce highly integrated designs also tend

speciﬁc solutions to well-deﬁned problems, are ultimately

to be more rigid and derive an element of stability from

designed to meet conditions outlined by a speciﬁc bureaucracy

this rigidity. This trend is particularly clear in programs that

at the expense of overall global utility. An example of this

involve strong international cooperation. In discussing

was given by Sam Scimemi, National Aeronautics and Space

these points (see Annex V) during the panel session on

Administration (NASA) senior integration manager for the

space agency perspectives on interoperability, Jean-

International Space Station (ISS), during the panel session on

Jacques Tortora, the Washington representative of the

hardware interoperability, while speaking about the International

French space agency, CNES, mentioned that interoperability

Space Station (see presentation slides in Annex I), particularly

sidesteps many of the difﬁculties of integrating several

about the different electrical, cooling, and docking systems

partners into system development by decoupling the

used by the partner countries. For example, the Russian

creation of independent, complementary systems that

station segments use 28-volt power, while the remainder of

need only work together at a standardized interface.

the station uses 120-volt power. Not only does this mean that
there is the additional burden of requiring additional equipment

Troy Turner, section head for C4 interoperability, in his

to make systems usable across the station or replicating

presentation entitled “NATO Interoperability” (available

functionality with dual systems, it has even prevented the

in Annex II), noted the fundamental relationship between

use of ﬁre extinguishers from the Russian segment, as the

commonality, compatibility, and interoperability, mentioning

foam could present a safety hazard if used in other areas of

that the metric for success in interoperability has two elements:

the station. Likewise, the differing docking adapters used

ﬁrst, whether or not individual systems are easily integrated

by the United States and Russia have had follow-on effects;

into a broader, open system-of-systems architecture; and,

the European and Japanese logistical supply vehicles under

second, whether systems are inherently more ﬂexible, providing

development both use differing adapters, thus continuing to

robustness both individually and as elements in the overall

propagate a lack of interoperability with future systems.

architecture. It is this integration into a larger architecture that
has produced signiﬁcant results with the implementation of

The choice between designing systems for narrowly deﬁned

data standards between the United States and the European

criteria rather than for interoperability is analogous to a number

Space Agency (ESA) and that has provided new robustness

of other familiar design trades, such as the balance between

and capability in interplanetary robotic exploration, as has

designing for aerodynamic stability or agility, or between

been seen with ongoing Mars exploration activities.
7

STS-115 – an ISS assembly mission – arriving at the ISS more than 41
months later than originally planned due to the 2003 Columbia accident.

Interoperability eliminates the need for custom interfaces,

of avoiding the programmatic vulnerability arising from the

making modularity possible, which, in turn, permits mass

lack of ﬂexibility that has characterized the highly integrated

customization at mass production prices. Both the presentation

and complex solutions dominant in space exploration. The

on space logistics given by Andy Evans of the Space Logistics

estimated cost of sending the Lunar Surface Ascent Module

Project at the United Space Alliance (see Annex III) during

(LSAM) to the moon’s surface will approach $50,000 per

the third panel session on orgware and interoperability and

kilogram; clearly any plan that relies on special-purpose

the presentation on interoperability given by Paul Eckert,

equipment usable in only one application with one system

Boeing international and commercial strategist (see Annex

and that cannot make use of modular, interoperable

IV), during the segment on space industry perspectives on

equipment usable among many systems is remarkably

interoperability noted that interoperability reduces logistical

vulnerable to budget pressures. While an interoperable,

footprints, encourages reconﬁgurability, and promotes the

reconﬁgurable, adaptable system may provide marginally

reuse and adaptation of existing systems and technologies.

lower performance in addressing a single, speciﬁc problem,

From a commercial perspective, interoperable elements

the economics governing the overall architecture show that

within an open system-of-systems architecture provide

interoperability is critical to sustaining an exploration effort.

opportunities for more efﬁcient market functioning, as
standardization increases market size and permits more robust

Brien Benson, manager, Intelligent Transportation Systems

competition—essentially allowing more “bang for the buck.”

Implementation Research Center, George Mason University, in
his discussion entitled “Institutional Issues in the Deployment

During the panel session on space agency perspectives on

of Intelligent Transportation Systems” (see Annex III), during

interoperability, the discussion on NASA’s global architecture

the orgware and interoperability panel session, mentioned that

for space exploration (see Annex V) was led by Jeffery Volosin,

the rate of technological change, combined with the tendency

lead for global exploration strategy programs at NASA. In this

of coalitions to lean toward centrifugal disintegration, makes

discussion, many pointed out that reaching the goals outlined in

attempts to plan decades ahead a futile and sometimes

the 2004 Vision for Space Exploration will require the creation of

counterproductive exercise. He also noted that technical,

a robust and ﬂexible transportation and logistical infrastructure.

centrally directed, top-down solutions consistently encounter

This infrastructure must be resistant to single-point failures,

severe technological and institutional problems. One prime

such as those that interrupted the construction of the

case of such technological and institutional difﬁculties is

International Space Station. Interruptions of this sort are critical,

seen in the development history of the Space Shuttle.

and had the backup transport provided by Soyuz and Progress
not been available, the safety of the station crew would have

Many discussions, particularly during the question-and-

been jeopardized. Furthermore, this kind of interchangeable

answer component of the ﬁrst panel session on hardware

capability can produce direct ﬁscal advantages. For instance,

interoperability, noted that interoperability provides a very

the development of a viable Commercial Orbital Transportation

effective method for incorporating technological evolution.

Services (COTS) program allows for a better bargaining

The lack of agility associated with highly integrated systems

position with respect to Soyuz and Progress ﬂights, and vice

means that complex programs carried out in restrictive

versa, allowing economic as well as safety beneﬁts. Current

budget environments are subject to uncertain political

strategies for lunar exploration do not provide for a high

support, while “tactically” stable programs are prone to

degree of interoperability or backup transportation systems.

cancellation. These programs are also generally unable to
lock in any incremental or evolutionary advances, because

To achieve this robustness, the interoperability (and, by

the policy environment that created such programs is itself

extension, intermodality and interconnectivity) described

unable to adapt quickly to ever-changing environments

in the discussion of intermodal freight led by Professor

without incurring great costs. These types of problems

Ken Button, director, Center for Transportation Policy,

were seen, in various combinations, with the cancellation

Operations, and Logistics (see Annex I), during presentations

of any number of space plane programs since 1990.

on hardware interoperability, is essential and provides a way
9

The 1989 Paris Air Show debut of the Soviet
Shuttle Buran, which has ﬂown in space only once.

Testing of shuttle launch facilities at Vandenberg AFB, which
were ultimately decommissioned without ever having been used.

the roots of interoperability
“Any organization that designs a system … will inevitably produce a design whose structure is a
copy of the organization’s communication structure.”
Conway’s Law

A lack of interoperability, and therefore interconnectivity, arises

for the organization as a whole. Or, imagined another way,

from problems of communication. Complex, highly integrated

elements within a given hierarchy are very strongly vertically

systems reﬂect the strong vertical organizational integration

integrated (i.e., interoperable) with other elements of the same

of the hierarchies that gave rise to such systems in the ﬁrst

hierarchy. But this tight focus on vertical connectivity comes

place. Such vertically integrated organizations are complex,

at the expense of horizontal integration. In his discussion

heterogeneous systems that conspire against seamless end-

of advanced air trafﬁc control (see Annex II) in the panel

to-end operations. The creation of a robust, ﬂexible, and open

session on software and middleware, Chip Meserole, director,

system-of-systems architecture through the development of

Engineering and Programs, Advanced Air Trafﬁc Management,

globally optimized, interconnected, and interoperable elements

Boeing Phantom Works, described how well-connected,

is essentially a communications challenge requiring effective

horizontally integrated networks begin to yield emergent,

coordination mechanisms. If interoperability is viewed solely

transformational behaviors through the development of

as a technological challenge and addressed only in the ﬁnal

horizontal economies of scale. These efﬁciencies are not

design stages, then meaningful interoperability becomes

possible when communication and organization structures

extraordinarily difﬁcult and will fail to yield clear advantages. As

are characterized by tight vertical integration alone.

Frank Culbertson, senior vice president, Science Applications
International Corporation (SAIC), Sam Scimemi, Paul Eckert,

Interoperability for its own sake is at best difﬁcult to

and Andy Evans all explained, interoperability is not an issue

implement and at worst pointless. Using the example of

of hardware alone—it is also intrinsically related to questions

intelligent transportation systems, Brien Benson stressed that

of standards, philosophy, methodology, and language (such

if interoperability is pursued without regard to usefulness,

as the term “human rating”). Management of a whole host of

it becomes an unnecessary burden of no practical value.

issues—ranging from design philosophies and dissemination

Making interoperability not just possible, but also useful,

of standards to alignment of policy mandates and objectives

depends in very large measure on the effectiveness of

to cultivation of strong working relationships—is critical in

horizontal communications between organizations.

determining if interoperability is feasible and will result in
worthwhile beneﬁts. Cases such as the Apollo-Soyuz Test

At the highest level, interoperability is promoted through the

Project, Shuttle-Mir missions, and the International Space

development of a structural framework and coordinating

Station, where human spaceﬂight programs have interacted

mechanisms, along the lines of those used in the Global

successfully, have all been extraordinarily dependent on the

Earth Observation System of Systems, which allows and

person-to-person contacts between different programs. These

encourages horizontal communications at all levels. In the

relationships were mandated at the highest political levels but

cases of search-and-rescue aided tracking (SARSAT), as

could only be successfully implemented at the working level.

described by Ajay Mehta, National Oceanic and Atmospheric
Administration (NOAA) SARSAT manager, during the orgware

Individual parts of an organization will adopt the communication

and interoperability discussion (see Annex III), and GPS,

and organizational structures best suited to meet their

addressed by Bruce DeCleene, navigation program manager,

own speciﬁc conditions, regardless of potential penalties

Aircraft Engineering Division, Federal Aviation Administration,
11

The Venus Express ﬂight control team at ESA’s
Spacecraft Operations Centre in Darmstadt, Germany.

during the panel session on space-industry perspectives

international standards, inﬂuenced and adopted by U.S.

on interoperability (see Annex IV), the successful use of

manufacturers, will be a way to maintain tighter control at

interoperability has been due to a very clear understanding of

the interfaces while limiting the volume of project-speciﬁc

system objectives and underlying goals among all top-level

technological information that must be exchanged.

participants, which then provides the fundamental direction
needed to create the communications channels needed for

The problem of balancing tight vertical integration with open

interoperability to ﬂourish on its own. The policy tools that

horizontal communication, and the concomitant tendency

are used for this task include bureaucratic incentives for

for organizations to pursue locally optimal solutions at the

functional interoperability, particularly at planning levels, and

expense of globally beneﬁcial approaches, occurs at all scales.

for establishing budgetary mechanisms to promote horizontal

Within a given department, each section will have a propensity

integration. Decisionmakers involved in the high-level trade

toward a vertical orientation at the expense of interaction with

of design requirements must be able to communicate

other departmental sections. This behavior is repeated among

with their counterparts to ensure that the salient features

departments within a division, divisions within an organization,

of interoperability are not sacriﬁced in the pursuit of other

and organizations within a country. Therefore, the pursuit of

objectives. Additionally, these decisionmakers must collaborate

truly, globally optimal approaches to space exploration—such

with each other to ensure that the downward diffusion of

as one that would make more complete use of untapped

interoperability results in effective collaboration between

worldwide heavy launch capability present in evolved

organizations at the working level. Collaboration at the working

expendable launch vehicles (EELVs), Ariane 5, Proton, or future

level, sanctioned by policy, allows for true interoperability,

Chinese, Japanese, Indian, Russian, and U.S. vehicles—is

avoiding the purely cosmetic appearance of interoperability

contingent on creating a communications framework at a

that can occur when working groups pursue interoperability

global, multinational level, involving government, business,

in isolation from one another. This point was echoed by

academia, and all interested groups. Regional or other

Kiwao Shibukawa, director of the Washington, D.C., ofﬁce

nonglobal approaches are stop-gap measures and fail

of the Japan Aerospace Exploration Agency (JAXA), in his

to achieve the full range of beneﬁts of interoperability

presentation on the JAXA view of interoperability, during the

while encountering the full range of related obstacles.

panel session on space agency perspectives (see Annex V).

One highly relevant instance of this is the relationship
between export controls and interoperability. By deﬁnition,
export controls limit communications and hinder
access to information, thus inhibiting interoperability.
This will continue to be an ongoing problem that must
be addressed. Interoperability can be used to mitigate
the effects of restrictions on communications with
international partners, as the development of broad,
13

The 2006 launch of Koreasat 5 – a hybrid commercial-military communications satellite, built in Europe –
by Sea Launch, a consortium of four companies from the United States, Russia, Ukraine and Norway.

promoting interoperability
“Phenomena on our side of the interstellar gap, in what we call the Solar System, are potentially amenable to direct investigation
and manipulation through physical contact, and can reasonably be described as falling within humanity’s economic sphere of
inﬂuence. As I see it, questions about the vision boil down to whether we want to incorporate the Solar System in our economic
sphere, or not.”
Speech by John Marburger, U.S. Ofﬁce of Science and Technology Policy
44th Robert Goddard Memorial Symposium

A question raised throughout the conference by all the

for interoperability and cooperation should not be overlooked.

panel sessions was whether or not interoperability is most

The Joint Strike Fighter, a $25 billion program, involves eight

effectively promoted top-down from the project management

foreign partners who have pledged $4.375 billion over the next

level through the use of policy, or if commerce should

10 years despite technology transfer risks, concerns about the

be used to promote interoperability from the bottom up,

preservation of the defense industrial base, an extraordinarily

through engineers and logisticians. This distinction is

high level of systems integration, and four production

somewhat artiﬁcial and obscures the interaction of two

variants. This degree of systems-level interoperability and

separate mechanisms: institutional incentives and means

commonality, unusual for such a highly integrated system,

of communications. Rather, interoperability is promoted

will also result in broad interoperability, as all four variants

through the exchange of market mechanisms created by

used by all nine countries will beneﬁt from using a common

commercial activity that arises from a favorable economic

platform that will reduce manufacturing, maintenance, support,

environment in turn created through policy mechanisms.

and service interoperability, thus demonstrating the possible
level of utility to be derived from clear policy mandates.

A purely top-down, policy-driven approach alone is insufﬁcient
to achieve interoperability. Such an approach usually

Conversely, a solely bottom-up, market-driven approach is

involves top-level decisionmakers issuing a requirement

not viable either. It is tempting to assume that the instances in

for interoperability, which engineers and designers are then

which market-driven cases have worked imply that solutions

compelled to implement, as has been the experience with the

based on markets alone will always work. The current

ISS. This approach has several potential pitfalls. If a standard

economic environment for space exploration, however, is

is created at the government or policy level, the standards-

rather atypical—it is often plagued by market failures arising

development process can be extraordinarily time-consuming,

from monopoly or near monopoly on the supply side, the

as mentioned by Bruce DeCleene in his discussion of

demand side, or both. It may seem paradoxical to encounter

standards propagation in GPS. Alternately, as Brien Benson

monopolistic problems in an environment characterized

noted, top-down standards are often unrelated to user needs,

by frequent overcapacity, such as the one that exists for

do not provide utility, and are poorly adapted to changing

launch vehicles; however, these conditions are not mutually

technological environments. Further, as both Frank Culbertson

exclusive. The market for launch capacity, for instance, is

and Sam Scimemi mentioned, what may appear to be simple

very fragmented and compartmentalized. The effect of this is

technical challenges to interoperability at a policy level are

that although a large-enough number of providers and buyers

often much more complex in practice owing to differences in

of launch services in a given class may exist, the number of

design philosophies, terminologies, and approaches. Often,

launch service providers each buyer can actually buy from

the best that a purely top-down, policy-driven approach can

is rather small. Therefore the launch-market overcapacity

hope to achieve is enshrining the lowest common denominator

and high cost of launch services is a reﬂection of individual

as accepted practice, rather than capturing best practice as

buyer and seller monopolies in small fragmented markets,

a standard. Nonetheless, the signiﬁcance of policy mandates

combined with the subsidies needed to keep single launch
15

Cosmonaut Alexander Kaleri, holding a docking adapter used on the Soyuz spacecraft.
A similar adapter will be used on the future European Automated Transfer Vehicle.

providers in business. This, added to the incentive structures

An emphasis on performance that treats cost as a secondary

associated with the government procurement environment,

concern will produce expensive, custom-built solutions. If

means that, absent a clear mandate to be interoperable, there

attention is focused on exhaustive documentation and record

is seldom little rationale for working toward commonality.

keeping, then there is little reason to work toward quick
design implementation. As the communications structure of

In examining launch-market fragmentation, the case of

an organization mirrors the structure of the organization itself,

separation of commercial, human, and military/government

the interplay of communications and interoperability is strongly

launches provides some insights for the broader future of

inﬂuenced by the structure of the bureaucracies involved.

interoperability in space exploration. In the commercial
launch market, the desire of satellite manufacturers to

In most cases, such as in the adoption of uniform,

achieve robustness and maintain maximum ﬂexibility in

payload-faring sizes, market forces have been a driver of

launch has driven the commercial market toward pursuing

interoperability. The utility of the market does not lie primarily

interoperability—despite the relatively small number of

in economic beneﬁts, but in the market’s role in shaping

satellites manufactured—in things such as launch interfaces

incentives and communicating information. The creation of

(mechanical, pneumatic, and electrical) and dynamic

widely used commercial standards provides a means for

environments (load, thermal, and acoustical), creating de

interoperability to propagate quickly and effectively, because

facto standards. Further, the ability of commercial satellites

these are mutually reinforcing phenomena. Once a market

to be launched on a wide array of launch platforms has

of reasonable structural health emerges, even a small one,

subsequent foreign policy, economic, and trade policy

interoperability arises naturally. As commercial activity

beneﬁts, as it maximizes ﬂexibility and ability to adapt to

grows, the advantages of interoperability become more

whatever other inﬂuences affect launch-vehicle choice.

pronounced, while the growth of interoperability dramatically
increases the range of available commercial opportunities

As pointed out by Greg Glaros in the question-and-answer

.

segment of the panel session on hardware interoperability,

As seen in a number of examples relating to information

an organization may not get the system it wants—such as an

technology, such as information technology systems

adaptable, reconﬁgurable, general solution—but it does get

used by the ISS, SARSAT, GPS, NATO, IBM’s social

the system demanded by the incentives it establishes. The

networking software, and air trafﬁc control, among others,

procurement of space systems essentially rewards the creation

information technology often displays a high degree of

of ﬁnely tuned, highly optimized systems that are inﬂexible and

interoperability, owing to the efﬁciency of the market in

unable to work with each other. This has been a characteristic

diffusing information throughout the IT sector and the

of many of the systems produced by government space

relatively low cost of implementing new technology. The

programs. Historically, small (or singular) production runs have

ease with which information technology can be adapted to

been used as a reason to optimize for minimal performance

space systems has been a signiﬁcant factor in the tendency

gains at the expense of interoperability. However, experience

of space-related software and information technology to

in the commercial sector, as described in the above paragraph

become interoperable before hardware or operations.

and seen with microsatellites produced by Surrey Satellite
Technology, suggests that interoperability and common

Markets are an effective means of exchanging information

standards are possible even for very small numbers of items.

about different problem-solving approaches. A design team
17

Astronaut Carl Walz during an emergency egress
training session in the Space Vehicle Mockup Facility.

working on a large project may be able, at great cost and time,

whatever reason, to use commercially available solutions,

to develop a small component that is incrementally better

it will be much more inclined to develop custom-made,

than a commonly available one; however, the expense and

highly tailored, noninteroperable approaches. The role

time associated with creating such a custom-tailored solution

of policy in interoperability is to shift incentive structures

outweigh the marginal increase in performance. The reason

and provide communications channels that then allow

why a commonly available solution may be comparable to

market and market-like mechanisms to promote the

a purpose-built solution is that markets promote newer and

technical aspects and implementation of interoperability

better solutions as well as provide a means for a number of

from the bottom up. One interesting approach, suggested

different approaches to be compared critically. A combination

by Chip Meserole, is the use of design metrics—such

of the comparative advantage of specialization, the agility

as power and weight—as proxies for ﬁscal constraints,

of more focused organizations, and economies of scale

in order to create market-like mechanisms to encourage

often mean that the solution provided by the market may

interoperability, where the market alone is insufﬁcient.

be better than an approach developed by a team seeking to
create a specialized, custom solution. One example given

Addressing the commercial implications more broadly, Paul

in the question-and-answer segment of the fourth panel

Eckert’s presentation stressed that interoperability and its

session was the decision among early car manufacturers to

attendant beneﬁts are essential to creating the commercial

use common, open standards for spark plugs, rather than

underpinnings needed to make space exploration a sustainable

continuing the use of proprietary spark plug designs for

endeavor. Among other things, effective use of interoperability

different automobiles, allowing competition to focus on the

and standards creates an environment in which it is easier for

business of cars, rather than the business of spark plugs.

companies to compete and gain access to investment capital.
Furthermore, by reducing logistical footprints and expanding

Another function of the market is the horizontal propagation

reuse and reconﬁguration capabilities, overall exploration

of information via network effects. Markets provide a powerful

architectures become much more cost-effective and capable.

incentive to adhere to a common standard, not because the
standard is a perfect solution in all cases, but because a

One example of this was discussed in Ken Button’s discussion

standard shifts the focus away from designing both interfaces

of intermodal shipping and shipping containers. The most

and elements—creating additional, time-consuming, and

critical thing about the interoperability of shipping containers is

complex systems integration challenges—allowing design

not simply the way that they have changed the mechanics of

efforts to be focused more effectively. This can already been

shipping, but rather the resulting drastic drop in transport costs

seen, to a small extent, in the development of common docking

that has made possible nearly all the features of modern trade

adapters, rather than requiring the creation of new adapters

and global economics. This is also a profound example of the

for every new vehicle. In particular, if two or three standards

fact that interoperability is an enabling technology. As with any

evolve over time, they capture best practices via consensus

enabling technology, from shipping containers to the Internet,

while allowing new approaches to mature—thus inherently

it isn’t the primary effect that produces the most important

maintaining the ability to evolve as technology matures.

beneﬁts, but rather all of the other things that become
possible with the adoption of such enabling technologies.

In a case where a design team is not strongly constrained
by cost or resources, however, or is not permitted, for
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The Port of Long Beach, the 12th busiest port in the world. Since the introduction of the
shipping container, trade has quintupled relative to the world economy.

interoperability as
an interface phenomenon
“Without the container, there would be no globalization.”
The Economist, March 18, 2006

Interoperability is a principle embedded at interfaces—

standards are optimal). The adoption of a single solution to

something discussed variously by Jeff Volosin, Paul Eckert,

a problem—or even an overly restrictive standard—reduces

Sam Scimemi, and others in their presentations. Interoperability

the number of choices available, stiﬂes innovation, and can

is concerned with the connection between similar types

ultimately retard growth. Conversely, an overabundance

of elements—such as electrical interfaces—or between

of approaches increases logistical footprints, produces

dissimilar items—such as man-machine interfaces. The types

incompatibility, and results in the perpetuation of unused legacy

of interfaces at which interoperability occurs can be broadly

standards—in other words, detracts from interoperability.

grouped into two categories: institutional and technical.

A contrast to this was presented in the discussion of GPS,

Institutional interoperability, which may involve operations,

in which an open, single-source, commercially developed

procedures, deﬁnitions, and philosophies—is more focused

standard has been employed, allowing market innovation

on human-to-human interfaces, including language, culture,

to take a central role. These two views highlight a key point

and units of measure. Technical interoperability, which can

implied by Jeff Shick, IBM Software Group vice president of

include hardware, software, and data, generally involves

social networking software, IBM Lotus, and Troy Turner in

things for which the kind of consensus-based standards

their presentations during the panel session on software and

creation described during the panel session on space industry

middleware interoperability (see Annex II): Interoperability

perspectives on interoperability in the presentation by Craig

is not an end, but a means. Standardization, and hence

Day, American Institute of Aeronautics and Astronautics (AIAA)

interoperability, pursued for its own sake becomes another

standards program manager (see Annex IV), is a relatively

constraint and ultimately entrenches the very rigidity

straightforward process. As Frank Culbertson and Sam

that interoperability sets out to address. Therefore, it is

Scimemi both mentioned in their description of the relationship

important to focus standardization on interfaces, allowing

between NASA personnel and their Russian space agency

innovation to provide multiple interoperable approaches,

(RKA) counterparts, the development of these relationships and

rather than locking in rigid, unalterable constraints.

personal capital is indispensable. It is important to recognize
that interoperability does not imply adoption of a uniform

As discussed in Ken Button’s presentation on shipping

solution for all problems, but rather that the connections

containers, design speciﬁcations for shipping containers

between different elements are standardized. Otherwise, slavish

have been open standards since their creation. This has

dedication to a single solution threatens to stiﬂe innovation.

allowed propagation of the concept and corresponding
speciﬁcations through the network effect, thus greatly

Harrison Freer, director of space programs for Northrop

increasing the utility of the shipping container. More subtly,

Grumman Integrated Systems, in his remarks during the fourth

this has also allowed for the creation of many variants and the

panel session on industry perspectives on interoperability

adaptation of containers to a wide array of applications. These

(see Annex IV), raised an important distinction between

beneﬁts did not arise through the pursuit of interoperability

standards (normative documents describing an item, process,

for its own sake or through broad imposition of a standard,

or procedure) and standard solutions (in the sense of stock

but rather reﬂected an unacknowledged consensus that

solutions lacking ﬂexibility, suggesting that two to three

efforts would be better focused on other areas such as
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A diver using a grinder to ﬁle down a patch on the
submerged bow of an amphibious transport dock.

shipping things, rather than worrying too much about the

pursuit of interoperability into the acceptance of the lowest

kind of container in which things are being shipped.

common denominator. So, while interoperability without
standards is a valid way to initially develop interoperability,

This perspective provides a means for understanding the

it isn’t, on its own, a reliable basis for continued growth.

interplay between interoperability and normative standards—
creating useful consistency without introducing rigidity. For

Management of technological interfaces is carried out

example, Sam Scimemi mentioned in his presentation on

through the use of standards and is most effective when

the space station that Russian and U.S. engineers often use

these standards are developed with a consensus-based

very different approaches to provide redundancy for critical

process, allowing all stakeholders to become involved.

systems. One method is to acquire a large number of a

Absent this broad-based consensus, standards often become

single type of unit—air puriﬁers, for example—while others

irrelevant and sometimes are never even adopted in practice.

may chose to employ a number of different problem-solving

Interoperability for its own sake is a philosophical enterprise,

approaches in parallel—such as using oxygen-producing

thus the way in which interoperability is achieved—through

candles, air puriﬁers, and air tanks. Both methods are viable

horizontal integration and the development of consensus-

approaches, not because the approaches are identical, but

based interface standards—is critical in deriving the sought-

because they both rely on fundamental interoperability—in

after beneﬁts that make interoperable technology attractive.

this case, the role of the ambient atmosphere in providing
a means of transporting oxygen to the crew.

The identiﬁcation of key existing and future stakeholders,
creation of an open global architecture, and development

With careful interface management, technological advances

of open, consensus-based standards all play essential

can be locked in while permitting the evolution of speciﬁc

roles in helping to develop a basis for space exploration

elements. If systems are always backward compatible with

that will be sufﬁciently broad and deep to change space

previous generations, then existing and future legacy systems

exploration, which is currently an effort that is characterized

are axiomatically interoperable with newer systems, limiting

by short-term bursts of activity and that relies on solutions

the consequences of technological obsolescence. This kind

ranging from the idiosyncratic to the jury-rigged. With such

of interoperability allows independent evolution of elements

a foundation in place, human space exploration can start

on both sides of an interface, permitting the regular inclusion

making the continual, steady progress envisioned by the

of new advances. This is something that is familiar from

earliest space exploration pioneers and visionaries.

personal computer applications—a common operating system
makes the development of newer, more capable programs
easier, because they can rely on a consistent operating
environment. Conversely, backward compatibility means that
newer operating systems can continually be developed—
eventually providing new capabilities to be used by future
programs—without making previous software unusable.

Interoperability, as noted above, can be obtained through either
the purchase of common items or backward compatibility,
without the adoption of an explicit standard. A consequence
of this approach is that whatever solution is currently being
used becomes a de facto standard. This is a relatively
easy way to promote commonality, but it carries the risk of
moving from standardized interfaces to stock solutions. This
raises the possibility of reintroducing rigidity into systems
and removing the incentives for innovation, turning the
23

The last regularly scheduled launch of a Space Shuttle from Kennedy Space Center’s Launch Complex
39B before work was started to ready the pad for use with the vehicle that will replace the shuttle.

recommendations
Create a global space exploration governance
structure to coordinate exploration efforts.
To create a framework for the horizontal cognitive interoperability that lies at the core of broader
interoperability and integration efforts, an international body must be created to address governance
and provide an organizational foundation to promote true interoperability at all levels. Such a body will
play a role in governance roughly similar to that played by the Global Earth Observation System (GEOS)
and will serve to cultivate the communication and integration needed to promote interoperability. This
body will convene practitioners at all levels to engage in the discussions needed to understand and
rationalize goals and establish open channels of communications at all levels. On a technical level, such
an organization can also play a role in fostering basic, incremental research, in a manner reminiscent of
the National Advisory Committee for Aeronautics (which was incorporated into NASA), and capture those
technical lessons and best practices during the development of open, consensus-based standards.

This governance structure can allow for the development of a conceptual framework for a system-ofsystems for space exploration. Such a framework need not reﬂect a convergence of speciﬁc goals and
objectives, but rather can serve as a means to integrate disparate efforts. In so doing, a system-of-systems
framework provides a discrete tool for enabling cognitive interoperability. Speciﬁcally, this would provide
a means of reconciling and developing a broad understanding of the individual goals, philosophies, and
priorities of individual partner nations and would provide a way to consolidate and present this knowledge.
The critical features of such a framework must include openness, extensibility, ﬂexibility, and robustness.

A coherent and cohesive body of open, normative standards is the concrete manifestation of
a framework of system-of-systems for space exploration. Such standards must be open and
developed through a consensus of practitioners arising from strong engagement and discussion.
While the creation of a body of standards can be mandated from the top down, the creation and
implementation of such standards will only be successful if pursued from the bottom up. A speciﬁc
objective, beyond the beneﬁts of interoperability, is the capture of best practices and the most
effective solutions. The longer-term goal of such an effort is to provide a mechanism for incorporating
global requirements and best practices for inclusion and use in design among practitioners.
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The Ariane 5, originally designed to carry humans in to space, is the European heavy-lift launcher and will be
used to launch the Automated Transfer Vehicle – an unmanned cargo carrier for the International Space Station.

Promote existing heavy launchers with a 20- to
25-ton low earth orbit payload capacity as a
foundation for developing an architecture for
future exploration.
The longer-term requirements of future space exploration architectures, particularly those that envision
the human exploration of Mars, will require a wide variety of launch options, which may include the
development of superheavy launch options, such as the planned Ares V or other proposed concepts
based on EELV-derived vehicles. These long-term considerations, however, do not necessarily provide a
basis for optimal solutions to nearer-term human exploration or take full advantage of the entire spectrum
of available launch options. Given the widespread existing (Atlas V, Delta IV, Ariane 5, and Proton) and
planned (Angara, Ares I, Long March 5, GSLV Mk IV, H-IIB, Falcon 9, and others) global capability of
sending payloads of approximately 20–25 tons to low earth orbit, combined with the ongoing glut of launch
capabilities, the essential elements for a robust, dynamic, and ﬂexible architecture for near-term exploration
already exists. The principal impediment to the use of these capabilities has been an effective lack of
coordination at the political and policy level. The creation of an architecture that is heavily reliant on this
class of launch vehicle, however, will provide a strong framework from which other types of interoperability
can evolve, ultimately providing a foundation for the robust, expandable space transportation and
logistics infrastructure needed to provide an economic basis to support a sustainable exploration effort.

Understand and effectively use top-down
management and policymaking in the process
of cultivating interoperability.
The creation of interoperability and integration at technical levels is difﬁcult to achieve through top-down
approaches alone. Policymakers and top managers, however, are necessary in providing a mandate and
making the structural changes needed for interoperability to take root and ﬂourish. Most signiﬁcantly,
top-level management can give the mandate to build the structures needed for interoperability, implement
the structural incentive changes to sustain interoperability, and convene participants in order to create and
foster cognitive interoperability. As discussed elsewhere, cognitive interoperability—in the form of formal
organizational and informal social networks—is the building block on which interoperability can occur.
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An Atlas V rocket – which, along with the Delta family of rockets, provides the bulk of current US heavy-lift capability – being lifted
into position for ﬁnal assembly. The nozzles of the Atlas’s Russian-made RD-180 engines are visible at the bottom of the rocket.

Address the fundamental challenges
to interoperability presented by export
controls on civil space technology.
Export controls present a very signiﬁcant obstacle to horizontal integration. Even in cases where exchange
of information can be approved, the difﬁculty in doing so either inhibits or dissuades the effort, thereby
hindering the growth of cognitive interoperability. Absent effective interoperability and integration, it is
signiﬁcantly less likely that beneﬁts to private-sector participation in space exploration will be realized.
As such, export controls cast signiﬁcant doubt on whether or not markets and the
private sector can be engaged sufﬁciently to provide a robust, sustainable environment for space
exploration. Even if civil space funding levels are increased dramatically, the fundamental loss of
robustness and ﬂexibility arising from not having a broadly network-centric space exploration infrastructure
cannot be achieved at a purely national level. Interoperability, by deﬁnition, means ITAR-free.

Interoperability, interconnection, and integration
must be three-dimensional to include the
private and academic sectors.
The two-dimensional application of interoperability—vertically within an organization and horizontally
among closely related or similar organizations—is a relatively clear conceptual task. The multidisciplinary
challenges of space exploration, however, demand that interoperability, interconnectivity, and integration
be three-dimensional. In one direction, different organizations within the same sector can work toward
interoperability, linking with each other at all levels—policy, program, technical, and so on. The creation
of a solid foundation for continued, ongoing, and healthy exploration requires that such integration also
occur on another axis, among different sectors, involving the promotion and spread of interoperability
between government, industry, academia, et al. The use of interoperability as both a tool to create
linkages on all three axes—as well as the immense beneﬁts to be derived from such interconnectivity
and integration—can make increasing the growth of space exploration efforts a natural condition.
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Annex I:
Hardware
Interoperability
In a number of sectors, practitioners have included ease of interoperability as a primary deﬁning
feature of their product. In other cases, the use of open-source designs and architectures for
hardware enables new products to include interoperability as a principle feature.

Moderator:
Lynnette Wigbels, Vice President, International, American Astronautical Society

Speakers:
“Program Development”—Greg Glaros, Synnexus Corporation
“ISS Hardware”—Sam Scimemi, Senior Integration Manager, International Space Station
Program Ofﬁce, Ofﬁce of Space Operations, National Aeronautics and Space Administration
Headquarters
“Intermodal Freight”—Ken Button, Professor, Director, Center for Transportation Policy,
Operations, and Logistics, George Mason University School of Public Policy

Sam Scimemi:

“Interoperability –
the International Space
Station Experience”

The International Space Station Experience

contents

Challenges to Interoperability
Path to Interoperability
Interoperable Elements
Lessons for the Future
International Partnership
• ESA/JAXA/CSA since 1988
• Russia since 1993
Builds on long history of international cooperation
Largest spacecraft ever built
• 420,500 kg at completion

The International Space
Station Experience

• Over 40 assembly ﬂights
Continuous human presence for about 6 years
• Starting with Expedition 1, Nov 2000
• Currently 3 crew
• Up to 6 crew in 2009
International crew
International launch ﬂeet
Globally distributed operations
Since Columbia accident, logistics-challenged
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ISS Conﬁguration (as of Dec 2006)
Docking Compartment (DC) 1
Zarya Control Module

Zvezda Service Module

S1 Truss
Mobile
Segment
Servicing
System

PMA 1

SM MMOD Shields

Research Module (RM)

SO Truss
Segment

P1 Truss
Segment

ESP-3
Port
Photovoltaic
Arrays

S3/4 Truss
Segment

P6 Truss
Segment

Multipurpose Laboratory
Module (MLM) and ERA
MLM Outfitting
ELCs

P5 Truss
Segment

S6 Truss
Segment

P3/4 Truss
Segment

ELC
S5 Truss
Segment

Canadarm2
SPDM/*Dextre*

Starboard Photovoltaic Arrays
Mobile Remote Servicer Base System (MBS),
Mobile Transporter (MT)
Z1 Truss Segment

JEM ELM-PS
Airlock

JEM RMS & Exposed Facility

ESP-2
Node 1
Node 3

PMA 3

Cupola

Shaded Elements Include Large Non-US Involvement

U.S. Lab
Columbus

ESP-1
Node 2

JEM PM

PMA 2

Outlined Elements Involve Non-US Launch Vehicles

ISS is a unique endeavor in human space ﬂight
Different industry and safety standards across participants
Different life-cycle development philosophies
Lack of common commercial standards during
development (especially in communication and software)

Challenges to
Interoperability

SI vs. Metric
Lack of common terminology
Different engineering and management practices
ITAR issues
Extensive travel requirements
Cultural and language differences
Different national priorities
Etc, etc, etc…
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Deciding which elements of the architecture
need to be interoperable
• Module hardware interfaces
• Crew equipment and interfaces
• Payload interfaces
• Ground interfaces
• Distributed systems
• Software interfaces (command and telemetry)
• Operating procedures
Setting up a process for deﬁning and controlling

Path to Interoperability

the interoperable interfaces
• Interface Control Panels and Control Boards
• Operations working groups
• Technical Interchange Meetings
• Joint integrated simulations and testing
Implementing an interoperable system
• System design
• International standards
• Common vendors
• Common hardware and software
• Negotiated interfaces
• Migration to commercially available systems
ISS Interoperable Hardware Systems
• Common Berthing Mechanism (CBM)
• Utility Operations Panel (UOP)
• International Standard Payload Rack (ISPR)
• Common equipment and ORUs
• Crew equipment and interfaces
• Robotic grapple ﬁxtures

Interoperable
Elements

ISS Interoperable Distributed Systems Across NASA, CSA, ESA and
JAXA Elements
• Environment Control and Life Support thermal
cooling ﬂuid (water)
• Electrical power utilization
(120 V) and common grounding
ISS Interoperable Flight Software
• Standardized communication protocols
(1553, CCSDS, Ethernet)
• Crew displays and software tools
• Common or standardized ﬂight software products
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ISS Interoperable Operations
• Limited backup control capabilities between

Interoperable
Elements
(continued)

JSC, Moscow, and MSFC
• Standard interfaces and protocols for
planning and procedures
• Common support tools
• Joint Integrated procedures
• CCSDS protocol
• Commercial communication services
Engage in partnering early in the life cycle
Forge a common destiny
Develop an architecture that is ﬂexible to outside forces

Lessons for
the Future

Seek out win-win solutions
Try to avoid single critical path dependencies
Identify interoperability challenges early
Address operational issues along with the architecture and design
Rely on commercial applications to solve issues
Don’t expect interoperability to be perfect
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Ken Button:

“Intermodal Freight”

Growing rapidly - faster than person movement

Freight Transportation

Large increase in international movement
Changes in the way that the carriage of freight is viewed
More focus on over all cost efﬁciency
More focus on Intermodal movement
Increased demand for freight
Most other cost savings in production made
Deregulation:

Forces for Change

• 1968 Transport Act (UK)
• 1977 Air cargo deregulation (US)
• 1992 Single European Market (EU)
Globalization
Change in goods carried
Informatics
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The Value Chain Concept
Inbound
Logistics

Operations

Primary Activities

Outbound
Logistics

Marketing
and Sales

Services

Support Activities
Procurement
Technological

Human Resource Management
Development
Infrastructure
Began as a military activity

Logistics

Now important in the large concept of “supply chain” management
Focus on an “wholistic” approach
Important role for “information networks”

Reduces inventory holding

Just-In Time Production

Requires:
• Reliable service
• Flexibility
• Appropriate level of speed of delivery
• Steady in-ﬂows and out-ﬂows
Seamlessness

Challenges
of Intermodal
Transportation

Dynamism:
• Standardization
• Monopoly inﬂuence
Minimize terminal delays
• Infrastructure versus operations
Degree of outsourcing

The 3 “Inters” of
Logistics

Inter-operability
Inter-modality
Inter-connectivity
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Reduces costs to suppliers:

Idea of Intermodal
Freight Transport

• Specialized equipment
• High utilization of equipment
• High utilization of equipment
Social beneﬁts:
• Less pollution
Common platform:

Requirements of
Intermodalism

• Containers
• Information systems
Institutional structures:
• Legal framework
• Informal contracts
Seamless service
Demonstrable beneﬁts

Relevance for
Aerospace

Consider the entire value chain (wholistic approach)
“Inter” in its three stages
Deﬁning role of public and private sectors
Integration of information systems into transportation
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Annex II:
Software and
Middleware
Interoperability
Interoperability in software and middleware is critical, as it affects things beyond the realm of
systems integration into more complex arenas such as interagency cooperation, joint operations,
and basic information exchange, to name a few. This session explores interoperability in the
context of software, interfaces, systems, and information ﬂow mechanisms.

Moderator:
Michael Schrage, Codirector, eMarkets Initiative, Massachusetts Institute of Technology Media
Lab, and Senior Adviser, MIT Security Studies Program

Speakers:
“Advanced Air Trafﬁc Control”—Jere (Chip) Meserole, Director, Engineering and Programs,
Advanced Air Trafﬁc Management, Phantom Works, Boeing Company
“Middleware”—Jeff Schick, Vice President of Social Networking Software, IBM Lotus, IBM
Software Group
“Shuttle-Mir Integration”—Frank Culbertson, Senior Vice President and Deputy Business Unit
General Manager, Science Applications International Corporation
“NATO Interoperability”—J. Troy Turner, Section Head, C4 Interoperability Standardization and
Architectures, Supreme Allied Command Transformation

Air Traffic Management
George Mason University Briefing
Chip Meserole
Director, Advanced ATM Engineering & Programs
September 6, 2006
BOEING is a trademark of Boeing Management Company.
Copyright © 2006 Boeing. All rights reserved.

Airspace Transformation II
Phantom Works | Boeing Commercial Airplanes

Next Generation Air Traffic
System (NGATS)

National Airspace
System (NAS)
1950’s

2010’s

Drivers:

Drivers:

Safety

Capacity

Defense

Security

Control by Radar
Host
ETMS

IDS/ERIDS
ATOP

ERAM
STARS/
ARTS/
TAMR

SWIM

CISW

TMA
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Traffic Growth

WARP

ASDE

September 2006

Management by Trajectory

TFM

InterAgency

Scalability
Limit
2

Transformation vision
Phantom Works | Boeing Commercial Airplanes

Capacity,
with safety & efficiency

Precision flight
anywhere

Benefits

• $10$10-30B/yr global savings
• Economic stimulus
• Threat deterrence
• Accident reduction
• Global interoperability
4-D trajectory-based
management

Satellite-enhanced CNS

Simplified airspace design

System wide information
management

Network-enabled ATM

Integrated systems

• Operations
• Evolution
• Growth

Flexibility,
with security & economy

Precision common
awareness

September 2006

3

Starting at the upper left, the system we envision brings aircraft position data, both current and
projected, from the ﬂight management systems aboard airplanes to air trafﬁc control systems on
the ground. There it is merged with other 4-D trafﬁc data, enabling early detection and resolution
of safety and security situations, and efﬁcient routing of airplanes in terminal areas and around
storms. The same technologies that enable the ﬂow of 4-D trajectories to the ground likewise
enable the ﬂow of precision ﬂight plans back to the ﬂight deck, for maximum efﬁciency.
Such precision procedural control also enables a simpler airspace design, as depicted
in the lower left. There will be fewer sectors and fewer handoffs, and the boundaries
of air sectors will be changeable to efﬁciently accommodate changes in the weather,
emerging safety and security situations and other factors that can affect throughput.
Moving to the center of the chart you see the two most important elements of the
system architecture. A common information network gives the key players in air trafﬁc
management the same precision, real-time information about what is happening in the
system, and satellites extend the reach of the network to virtually everyplace on earth.
These attributes together contribute to the key operational beneﬁts of our vision:
• Increased capacity preventing future growth in delays with better safety and efﬁciency,
• Flexibility for rerouting and rapid system recovery from things such as weather
disruptions-- yet with excellent security and economic services
Altogether, the vision is a transformation using an integrated systems
approach to network-enable air trafﬁc management.
Global ATM in the future will have dramatically greater capability than today
providing signiﬁcant ﬁnancial, economic and social beneﬁts.
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Performance-based Operations Framework
Phantom Works | Boeing Commercial Airplanes

Strategic Architecture Reference Model

Operations

Human
Interface
Applications

System Operations: Capacity (3x), Safety, Efficiency, Security

Automation

Airspace
Management

Common
Support

NAS Status

Flow
Management

Traffic
Management

Aero Info

Information
Core

Separation
Management

Flight Object

Aircraft
Systems

FANS ATN

Others . . .

Others

System Wide Information Management

Communications
Core

Network
A/G Comm
Navigation

Data Systems
VHF Voice
ACARS
UAT (GA)
September 2006

GPS
VDL2
INS
EHF
Satcom VOR
DME
Etc.

GAL
LORAN
TACAN
DR
Etc.

Surveillance
ADS-B
APG-xx
Radars
Mode S

Weather

Multi-Lat WARP
ASDE
CIWS
TCAS
OASIS
Etc.
TDWR

NCWF
TCWF
CIP/FIP
C&V
Etc.

World
TAWS
EFB
DTED
Etc.
4

So, how do we do performance objectives, operational concepts and technologies relate to each other? Here is one
framework for your consideration.
In this framework, performance objectives of airspace users are paramount. Air trafﬁc operations, concepts and procedures like Tailored Arrivals, are designed to deliver technical, economic and safety beneﬁts to airspace users. Procedures, which represent the combined actions of man-and-machine, pilot and aircraft, air trafﬁc system and controller,
etc., are enabled by automation and CNS technology.
Notice that the framework also represents information ﬂow between the data systems and applications.
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SWIM Closes the Loop in ATC
Phantom Works | Boeing Commercial Airplanes
Weather Services
Dept of Defense
Homeland Security
Public Safety

System Wide
Information
Management

Feedback & feedforward
among ATC operations

Flight objects, Weather, NAS status, Resource allocations, Messages

Airspace
Management
Airline&&Flight
Flight
Airline
Airline
& Flight
Flight
Operations
Operations
Operations
Operations
Centers
Centers
Centers

Flow
Management
Flight
Plans

Flight
Plans

Traffic
Management

Separation
Management

4D
Trajectories

Flight
Management

4D
Trajectories

Navigation

Management

Surveillance

Aircraft and system states
September 2006

5

Shared Service Objectives, Performance Framework, Coordinated Flight Replanning
While the current ATC system operates loosely as a feedback-control system, the Boeing view
is that this construct needs to be formalized and institutionalized as a central operating tenant
of the future system. Attributes of operating against explicit performance objectives, measured
in near real-time, the system performance against those objectives, and the coordination of the
often conﬂicting control actions of the system need to be greatly reduced in the 2020 concept.
An functional analysis, described in Chapter 3 of this document, of the existing system
core services (manage airspace, manage ﬂow, manage trafﬁc and manage separation)
has determined that the underlying functional structure of all these system services is
common: all rely on assessment of current operating state, prediction of that state based
on the current set of ﬂight plans and revisions via clearances, projection of the trafﬁc set
on key system resources (runways or sectors for ﬂow, routes and regions of airspace for
trafﬁc and spatial proximity for separation), alarm where overloading is predicted, and
replanning to remove the overloading condition. Where these services differ is not in the
functional differentiation of the core services, but in the performance differences with
which they predict and resolve undesirable and unpredictable system conditions.
Flow works on a time scale of hours, is inherently limited in accuracy by the ﬂight push-back
uncertainty (tens on minutes in today’s system), and correspondingly limits its calculations to
ﬂight schedule arrival conditions (and less successfully to large resources such as sectors, where
the false alert rate is high). Trafﬁc works on a time scale of tens of minutes, has uncertainty on
the order of a couple of minutes, and looks at sector and intra-sector level resource impacts.
Separation is the most exact air trafﬁc service, it works on a time planning and control horizon
of 3-5 minutes with ﬂight prediction uncertainty on the order of tens of seconds) and is
assessing ﬂight pair proximity measured in a few miles (3 to 10) with a high level of certainty.
Today’s system is enormously complex. The system operation has evolved over a long period
of time, based on implicit trial and experiment. Transition to a better regularized operation
based on explicit consideration of system performance will require much work and effort.
Questions of what and how to measure system operation are themselves complex.
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In today’s air trafﬁc environment, it is the controller’s responsibility to separate aircraft.
Even in radar environments, anomalies make it necessary for controllers to put large
buffers around aircraft to guarantee safe separation. Controller productivity is limited by
factors such as the geometry of their sectors, volume of airspace, and human limitations
of the number of aircraft that can be managed safely. So, given such constraints,
how can we expect the Air Trafﬁc System handle future air trafﬁc growth?
Control by Exception introduces the idea that airplanes will dynamically programmed, conﬂictfree 4-D trajectories that have been generated by ground automation and sent to the aircraft via
datalink. Controllers are still responsible for separation, but they will only need to act on nonconforming ﬂights. The automation system will provide separation services by incorporating
predictive, intent-based conﬂict detection, resolution and conformance-monitoring.
The concept is expected to improve airspace capacity and controller productivity by a factor of 3.
Beneﬁts:
• Separation management path to 4-D ATM transformational change
• Common 4-D trajectory operational capabilities and requirements with deﬁned
operational changes and metrics: e.g. fuel and carriage savings, increased operating
efﬁciencies (operators and ANSP)
• ANSP: increased predictability, improved situational awareness and operational ﬂexibility
• Optimized departure and arrivals with on-time predictability and reliability beneﬁts, fuel
burn and carriage savings, increased airline operating efﬁciencies
• Community: lower-noise and lower emissions
Enabling Technologies:
• Integrated FMC/datalink
• Ground-based decision support systems utilizing 4-D trajectory-based computation and
analysis to increase ﬂight path predictability for conﬂict detection and resolution.
• System-wide information management (SWIM) for integrated air-ground network-centric
operations.
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Current operational procedures call for airplanes to be gradually stepped down from its TOD
point to touchdown, as shown by the red ribbon. Repeated idling and spooling up of engines
during the descent phase is not fuel efﬁcient and offers the opportunity for fuel savings.
The optimal descent into an airport means ﬂying at cruise altitude until the exact
point at which bringing the engines to idle will result in the least fuel burn until the
engines are spooled up just before touchdown. As shown by the green ribbon
– and these procedures have been labeled Continuous Descent Approaches.
Sometimes, ill-conceived noise abatement procedures also result in leveling airplanes
during descent which in turn means engines are spooled-up, ﬂaps and perhaps gear
are deployed all of which results in more noise. Better designed lateral ﬂight proﬁles,
combined with Continuous Descent Approaches can result in lower fuel burn, fewer
emissions and less noise. This takes us to the next concept called Tailored Arrivals.
Note:
Because perfect information about winds does not exist and because terrain can
sometimes get in the way, attaining the optimum descent may remain an ideal. We can,
however, come much closer to the ideal by eliminating many of the inefﬁciencies that
have been engineered into the system over time. In many places airspace design results
in step-downs which cost fuel and cause greater emissions than are necessary. That
is an arrival much closer to the ideal. The vertical proﬁle improvements are combined
with horizontal arrival improvements in a concept called ….. ‘Tailored Arrivals’.

48
2

Tailored Arrivals
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Tailored Arrivals, as described earlier, involves the combination of
improved lateral ﬂight proﬁles and Continuous Descent Approaches,
which results in lower fuel burn, fewer emissions and less noise.
The Tailored Arrivals concept includes integration of en route (possibly oceanic)
and terminal area air space using predictive computer tools that dynamically
generate conﬂict-free 4-D trajectories and tailor arrival paths so airplanes are
appropriately sequenced and merged based on their estimated times of arrival.
These tailored arrival paths may be stretched or shortened
as necessary to achieve optimum spacing.
Finally, air-ground data link is required to communicate the precise proﬁles
and clearances in an accurate, reliable and timely manner.
Tailored Arrivals is expected to result in lower fuel burn, fewer emissions
and less noise, while supporting more air trafﬁc throughput.
Note:
The key to this, of course, is deﬁning and coordinating the horizontal and vertical proﬁles
far enough in advance to communicate to each airplane when it at cruise altitude.

49

Terminal Area Airspace Operations
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Now we’ll looking more closely at terminal area airspace operations, and how all this comes
together. First, we have Tailored Arrivals and Continuous Descent Approaches. Initially this will
be enabled using pre-deﬁned 3-D paths and RNP. As the concept and technologies mature,
this will be enabled via conﬂict-free 4-D trajectories which will require digital datalink.
During approach and landing phases, today’s airplanes use ILS for navigation. These operations
can be enhanced by pre-deﬁned RNP missed approach paths and departure paths. In the
future, we expect that ground-based navigation systems will migrate to satellite-based
navigation systems that rely on ground or space-based augmentation of positioning signals.
Boeing believes that GLS (GBAS Landing Systems) will be approved for full CAT III operations.
GLS will support curved approaches for landing and has cost advantages over ILS.
Boeing expects radar-based surveillance to move towards a combination of
ground and airplane-based precision surveillance that will support Closely
Spaced Parallel Approaches and Reduced Inter-arrival Spacing.
In the long-term, Boeing envisions a highly-automated air trafﬁc system that
integrates the seemingly disparage operational procedures in different phases
of ﬂight into a nationally integrated system that delivers on performance
objectives. Tailored Arrivals is a good example of this type of integration.
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FAA Accelerates Performance-Based Navigation, Outlines Mandates By David Hughes
07/30/2006 Aviation Week - Currently, about 85% of aircraft that ﬂy into airports with
RNAV approaches and departures have the necessary equipment. But only 30% have
the equipment needed for RNP operations. The road map contains proposed mandates
for aircraft to be equipped. By 2015, aircraft operating into 35 major U.S. airports will be
required to have RNAV, and those ﬂying above Flight Level 180 as well. And by 2015, RNP2 (the ability to stay within nautical miles of centerline 95% of the time) will be required
above Flight Level 290. By 2025, RNAV would be required everywhere and RNP in busy
airspace. The rule-making process for these mandates is expected to begin in 2008.

What Is NCO?
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SWIM and Network Enabled Operations
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Concepts such as Control by Exception Tailored Arrivals are network enabled
operations that involve effective collaborative decision making (between pilot
and controller), and data sharing (between air and ground). This requires the
synchronization, precision, accuracy and speed of geographically disparate (air,
ground, and space) air trafﬁc and weather information on a large scale.
Synchronous information across a large geographic scope yields large-scale coherence.
This calls for new technologies. If we examine procedures closely we realize that information
is gathered from multiple sources in order to reach a decision that turns into action.
Information synchrony of the data sources gives us common awareness.
Decisions taken across a large geographic scope end up coordinated, and
large-scale coherence of actions gives us compatible effects. This is possible
through Collaborative Decision Making or policy-based automation.
If policies are treated like other data, then decision-making is distributed not hierarchical,
and still provides compatible effects, thus providing power to the edge.
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On the Minds of Top Executives Worldwide
Key Focus:
Revenue Growth, Profitability, Asset Utilization with
Cost Containment

Key Challenges:
Process Efficiency, Meeting Customer Expectations,
Employee Productivity, Security & Privacy
CIO Challenges
� Aligning IT & business goals to grow revenue and
contain costs
� Building responsiveness and agility into the
organization through IT
� How can IT help enable people & teams be more
effective?

Source: IBM Corporation - July 2005 (Over 1400 Survey’s Worldwide)
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And what Daimler was looking for and what they are trying to do is in
line with what we hear from other customers we talk to.
Every year IBM reaches out to corporate executives world wide to attain an understanding
of the issues that are top-of-mind for them and their shareholders. In 2005 we
conducted a survey of over 1,400 executives worldwide to attain that update.
Executives are seeing top-line revenue as a goal, along with that – proﬁtability
and then cost containment. So similar to what we saw in 2004, executives
are looking for top-line growth as opposed to expense control. They see
this as the time to invest in-order to stay ahead of the competition.
And to get there – executives are looking at “how do we improve our processes
and make them more efﬁcient”, “how do we streamline and rationalize
processes”, “how do we meet the expectations of our customers.
Along with those they are saying that employee productivity, and enhancing it, leads to
the key focus areas. So for example focusing on improving the capabilities and skill set of
employees – making them more productive is what can ultimately lead to top line growth.
And ﬁnally they are concerned about security and privacy. Some of this comes from
governments Worldwide and an emphasis on compliance, accountability and transparency.
But some of it is “closer to home” and takes the form of security from attacks on corporate IT
– which as we see almost everyday – can have a signiﬁcant negative impact on productivity.
And for the CIO they are focused on aligning IT goals and objectives with those of the
business. The two should not and cannot be running in different directions. They must be
aligned. So the CIO is looking at be responsive and agile and views the organizations
(and the extended “organization” across the value chain) as “their” customer.
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Today’s IT Environment

IT environments are increasingly heterogeneous and complex
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There can be little doubt that today’s IT environment is becoming more diverse and
complex. It’s an increasingly heterogeneous world, where the need to operate across
multiple platforms is a growing problem, but “Rip-and-replace” is not an option. The focus
from just about every business is to ﬁnd innovative, yet simple ways of capitalizing on
existing investments right across the business. Investments in people, skills, hardware,
software and applications, moving existing resources forward as we transform IT.
As the integration focus moves horizontal and extends beyond the boundaries of the individual
enterprise to partners, suppliers and customers this diversity in IT environments is increasing
in complexity. That’s where middleware comes in. It’s the infrastructure software that
simpliﬁes the problem of horizontal integration. It integrates hardware, data and applications
across and beyond the enterprise to provide beneﬁts throughout the value chain.
Often, current IT infrastructure is not conducive to meet the requirements of an “on demand”
world, because it’s simply not agile. Yet where there are huge existing investments in
infrastructure, these assets must be exploited rather than by-passed or removed. Some of
our competitors have a rip-and-replace approach but this really is not a viable option. IT
must integrate and simplify, leveraging existing assets, increasing ﬂexibility and providing
the capability to grow and incorporate new applications and technologies as required.
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... Solving the maze....
Rapid expansion leaves IT departments
struggling to keep up.
Developers spend time using skills dealing
with application backlog.
Integration is achieved through code written
in-house that connects old applications with
new.
Pressures of time = less than perfect control
procedures & changes are poorly
documented with little or no audit trail.
Difficult to ensure future modifications work
seamlessly and reliably with existing code.
Change after change can lead to a maze of
complex code.

Result = Increased
complexity,
maintenance costs,
and decreased
productivity

IBM Software Group

Page 4

57

IBM Software Group | Interoperability and Space Exploration

Do you want to....
� Send and receive data to different agencies
and departments in different formats?
� Avoid manually re-keying data from one
application into another?
� Access business critical data from anywhere
Web Service
using any device

Database

� Maximize the investment you have made
� Utilize your core skills
� Adhere to existing and emerging standards

Packaged
Application

Application
Server

Custom
Application
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Have you found that your business wants and needs have been restricted because of your
IT issues? Have you wanted to be able to offer your products and services over the web
but feel that you are not able to offer the security and reliability required by customers?
Are you under pressure from partners to communicate in different formats?
Has this led to the re-entry of data from one application into another which is slow,
inefﬁcient and error prone. Perhaps you want to be able to access business critical data
fast and be able to extend that information out to other areas of your business.
Have you invested a lot of money in new applications and IT systems and
you don’t feel you are really maximizing that investment instead you feel
you are constantly being pushed into buying the next best thing?
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SOA Entry Points Help Customers Get Started
Both Business Centric and IT Focused
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Main Point: IBM has deﬁned ﬁve distinct and inter-related SOA
entry points to help our customers succeed with SOA. These
entry points are driven by both business and IT needs.
Let’s talk a little more about the SOA entry points we mentioned. The focus of the
remainder of this discussion is going to be on how IBM is seeing successful companies
approach SOA. We’ll go through each of these ﬁve entry points one by one and talk
about how businesses are seeing real value by undertaking projects focused on
these areas on their and in combination with other entry points. We’ll discuss the
business outcomes as well as some of the IT underpinnings of these entry points.
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From Architecture to Action
Rapidly applying SOA to Business

Portals and work environments provide
security-rich and managed interaction
between people, process, and
information - driving
� Innovation
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� Organizational productivity
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But where to start?
Because many times – customers ask us that?
How do I start on my path to SOA?
You understand the beneﬁts – but sometimes it feels abstract.
First understand that SOA is a mind-set, principle, world-view….looking at your
business at the process level; then at the re-usable component level (not technology);
then optimizing it; what to insource, what to outsource what to nearsource;
then building the IT platform to support that modular business model.
So it’s - as the name implies – an architecture. It’s an architecture for building.
But building what?
Understand that SOA is not about a product. It’s about a multi-product, multisolution and possibly multi-year project. So more important than anything is
success and building on success. As Daimler showed – focusing on the front
end is a key project to implement based on and leveraging an SOA.
This front end “Workplace” provides the environment for people to interact
within the context of a business process to innovate, increase organizational
productivity and improve operational efﬁciency. ….and DRIVE RESULTS.
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Dynamically Delivered Portal and Work Environment
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Now the question becomes – what’s the “shape” of how these services will be experienced
by users? Clearly there is no – one-size-ﬁts-all answer here. Because the reality is that
different users have different access modes based on the process and their role.
Sometimes a browser is ﬁne – especially with new innovations in application styles – for
example AJAX (Asynchronous JavaScript And XML) http://en.wikipedia.org/wiki/AJAX.
Other times the usage model mandates the need for a rich client with enhanced local
execution and data, that can be effective both attached or detached from the network.
And there is of course mobile usage on PDAs, Smart Phones
– invariably these will factor more and more prominently.
Taking the single view into our SOA-based environment and being to project
that to a variety of usage scenarios without having to retool – is vital.
Fundamentally this is about:
• Choice – You decide the front end experience that makes sense for you or your
organization;
• Openness – You decide on the operating system on the client, server, device and
openness to integrate services regardless of vendor
• Flexibility – You decide how and when you need to move from one usage
experience to another and have the interface of services follow your lead.
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Enterprise Portals Represent a Compelling First
SOA Project

“Through 2007, an enterprise portal will be
the first major application of SOA concepts for
more than 50 percent of enterprises (0.6 probability).”
Analytical source: Gene Phifer, Gartner Research;
Publication Date: 12 October 2005/ID Number: G00132930 Gartner 10/12/05
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And we’re not alone in our perspective on the importance of the front-end of an SOA!
It’s important to realize that SOA requires a holistic strategy and approach.
It can start from the back end through integration and business process modeling and
optimization. But a holistic approach extends to, or can start from the front end.
This is where people experience an SOA in a very practical way.
The front-end represents a key integration point. So it’s imperative to have a vendor that
provides a comprehensive:
• end-to-end,
• back-to-front end, and
• front-to-back end solution.
This is validated by leading analysts.
A portal is a composite application – one assembled at the front end. It is
an aggregation point for services – delivered through portlets.
The other side to this is that implementing an SOA is not a single product or single initiative
thought. It is a multi-step initiative. One requiring a number of phases and requiring success at
each step of the way. That’s why it’s imperative to start with a project that has a high likelihood
of success and visibility. That’s where a portal comes in – it’s visible, experiential, a clear
example of the beneﬁts of SOA – providing a high likelihood of success with potentially high ROI.
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The Usability Challenge

Applications and information are delivered in silos

User1
password

U_person1
pikj76yhd

User

?

L09827
#$^&%*@

User_persona
mypuppy

Sales Pipeline

Marketing

HR

Order Mgmt.

Security

Security

Security

Security

HR Policies and
Procedures

ERP System

Sales Force
Automation System

Department
Repository

IBM Software Group

Page 10

But what’s the problem that portals are solving?
When you consider how applications have evolved within most organizations you see
a common trend where multiple silos predominate and result in a confusing interfaces
with its own site structure and layout that end users must learn to navigate. These are
usually designed in a departmental fashion - exposing the departmental model and
procedures to end users. The context of the user is totally lost as this is multiplied
across the number of different sites the user needs to access. Unfortunately this
undermines the success of the systems as it places a signiﬁcant usability challenge on
the user. This results in lack of productivity and lack of adoption. [For example, it’s easy
to see that an HR portal that is rarely used will require re-learning with each visit]
And this is what it looks like…
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The Answer to the Problem
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The right approach to solving this problem is to design a single interface with the user in
mind. Understanding the audience means providing the right context within the portal or
application and delivering the right content, applications and processes based on the user’s
role. This approach reduces the burden on the user by hiding the underlying complexity. It
adapts to the user’s needs and delivers a composite view that allows the user to interact with
these multiple back end systems as if they were one. By consolidating access to the content,
applications, and processes relevant to the user – all in one view – you simplify the user’s tasks
and provide audience value – resulting in improved productivity and adoption of the portal.
OK, so now we understand what the right solution is…
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Throughout this event we talked about the SOA Reference Architecture. Clearly Portal
and workplace environments factor prominently in the area of interaction services – where
people actually interact with the underlying elements of the SOA architecture.
• Delivering a vital component of overall reference architecture
Clearly the portal plays a vital component because it is where people
– the fuel of corporate innovation – touch the underlying services.
• Standards-Based integration with all other services
Because of the focus on openness and support for open standards, the interaction
services surface other services and also allow for integration to other applications
• Provides composite applications and views
The Portal provides in essence a composite application or view.
The “services” are surfaced in the form of portlets and those portlets
are stringed together based on a business process or role.
• Portal framework provides the platform ﬂexibility and responsiveness
that businesses require to respond quickly to change
Given the underlying framework of the portal, it proves the means to respond
quickly to change – so business requirements change, as processes change,
the portal and the interaction services it delivers can easily respond, through the
addition or removal of portlets, or reconﬁguration of other elements on the portal page.
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Portals have undergone a number of evolutionary changes over the last few years:
Evolution From Access and Integration to Deployment Framework
From browser to richer experience (Innovative Browser – Ajax, Familiar
Drag and Drop – Tune the environment to what users are familiar with;
create an environment that is comfortable to them to use)
At the same time that the characteristics of the Portal have evolved the typical
deployment of a portal has changed. At a high level it has moved from an IT
led effort to a more holistic effort that brings together business and IT.
We are now looking at Managed Autonomy where the end-users and power users
have the means to do things on their own – for example determine the look and
feel of their portal page for themselves or their department; manage their own
documents and web content along with associated department level workﬂows.
Additionally we moved from portal content that was tightly coupled to a model where portlets
are built on open standards and can be applied by either administration or power – business
users. And the page can be dynamically personalized based on triggers deﬁned for portlets.
Additionally…
Linked to Adaptability of SOA for non-IT to do IT-like things
The right tools
Process, Information
Assemble composite
How can IT be more responsive?
Managed Autonomy – happier IT, happier users
Flexibility, Managed community computing environment, WebSphere
Portal Version 6.0 is our response to these needs
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A portal combines portlets (application, user interfaces, collaboration, and/or content) together
into one uniﬁed presentation. It is the contextual framework for these services to interact.
These portlets are in fact services. The page itself represents the means
for a “set of related & integrated services that support a business
process built on an SOA” to be presented to end-users.
The interface is tuned to a person’s role within the organization – whether that user
is an employee, partner, supplier or customer. The interface delivers a personalized
experience, considering the user’s identity, role, and personal preferences.
Additionally it is used in the context of a business process not siloed to the side.
So the aggregation and use of services is within the context of what a person is
doing whether they are customer support reps, sales representatives, executives
viewing performance of the organization, channel partners looking up status of
parts and discussing product design considerations, or customers viewing order
status. So the services are delivered within the context of the process.
And ﬁnally there is separation of site design, site/page assembly/
administration, from application design – fundamental SOA concept.
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So portals bring together vital information, application and content. But Portals bring
together processes and allow people to interact with them in interesting ways.
Process is everywhere – whether formal workﬂows or the more ad-hoc type
of workﬂows – that happen at the department level every day.
There is process that happens between portlets on the page. Simply put a change occurs in one
portlet that triggers an activity that is presented in another portlet. This intra-portlet has many
applications including customer service and customer tracking; order status; supply chain.
But the Portal exposes processes. It exposes processes that utilize
Business Process Execution Language BPEL.
So with portals people get to touch a process and take action – more of that in a minute.
But there are processes that are created at the department or work-group level that
for most of us deﬁne the universe of workﬂows we interact with. These are simple to
create, simple to deploy workﬂows. And they too are exposed in the process.
Then forms: forms are everywhere for good or bad. Underlying forms
whether or paper or electronic are processes that need to be surfaced
as part of a portal – in the context of a business process.
Then there are people: people interacting with processes and people interacting
with each other – because people are a vital step in any process to manage
issues that pop up, resolve problems and keep things running smoothly. So here
there is linkage to collaboration - whether synchronous or asynchronous.
And all of these processes are surfaced within a role-based environment that shows
people only what they should see based on their role and based on security.
Lets see this in action.
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IBM WebSphere® Portal: Bringing Together Key
Elements to the Front-End
IBM Workplace
Dashboards

� IBM
Workplace™
Managed
Client

IBM Workplace Forms

� IBM Lotus
Notes
Rich Clients

IBM Workplace
Collaboration
Services

� WebSphere
Portal
� Dashboards

Browser

IBM Workplace
Composite
Products

IBM Lotus® Notes ®
/Domino™

� WebSphere
Everyplace
Deployment

Mobile Clients

� WebSphere
Everyplace
Deployment
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So portals can play a vital aggregation service, bring together key information,
and process in the form of services from across the enterprise and providing
a security-rich role-based view to individuals across the value chain.
Our newest version of WebSphere Portal - Version 6.0 does just
that – and is the leading horizontal portal on the market.
WebSphere Portal helps organizations addressing their business objectives:
• Improve operational efﬁciency with better use of resources
• Increase organizational productivity and responsiveness through collaboration
• Accelerates implementation as it is based on an
innovative, services oriented architecture (SOA).
Additionally the fact that it comes from IBM means they can rest-assured knowing that it is
robust, proven, and connected with a wide range of partners and value-added solutions.
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The Cost of Strategy Failure is Great…
As many as 70% of CEO failures occur not as a result of poor strategy,
but of poor execution.
-- Fortune Magazine
Companies typically realize only about 60% of their strategies’ potential
value because of defects and breakdowns in planning and execution.
-- Harvard Business Review

But the Benefits of Success are Significant
The prize for closing the strategy to performance gap is huge – an increase
in performance of anywhere from 60% to 100% for most companies.
-- Harvard Business Review
Michael C. Mankins and Richard Steele, “Turning Great Strategy into Great Performance,” Harvard Business Review, July-August 2005.

R.Charan and G. Colvin, “Why CEO’s Fail,” Fortune, June 21, 1999.

IBM Software Group

For a $ 500 million per year business – that’s$ 200 million left on the table
– due to break downs in execution against strategic vision.
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People Centric Approach - Greater Value through SOA
Intuitive & Adaptive User Experience

1

Value

Improve people productivity by aggregating views that deliver
information and interaction in the context of a business process

Why SOA?

Composite applications created,
deployed, and updated faster with
SOA portlets

Start with

Build a view of a key business process by
integrating information in front of people to
improve decision making

Next steps

Manage performance more tightly with
alert-driven dashboards tied to processes
IBM Software Group
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Main Point: A People-centric approach to SOA focuses on the front end or the user
experience to help facilitate innovation and greater collaboration.
Recall the CEO top innovation priority in this area –
Extend the ability to collaborate inside & outside by:
1) Enhancing people to people collaboration, and
2) The support of multi-channel delivery”
A people-centric approach to SOA will help meet this innovation priority.
Value
People-centric collaboration is about enabling human and process interaction with consistent
levels of service. Companies that focus on collaboration among people will improve their
productivity by giving their employees and trading partners the ability to create a personalized
and consolidated way to interact with other people and information in the context of business
processes. They need a role-based, intuitive and adaptive user experience.
Why SOA
SOA will enable this user experience and ensure consistent levels of service are met each
step of the way. SOA allows customers to create, deploy, and update composite applications
faster with SOA portlets. As application portlets are created or converted to “service-based”
portlets, you can aggregate and integrate these portlets faster and more economically to get the
collaborative user interface and view into your business that you need.
Start with
To make use of this entry point, businesses can start by using WebSphere Portal to build a view
of a key business process by aggregating information in a way that makes sense for people to
help them make better decisions.
Next Steps
As businesses become more comfortable, next steps can be to use SOA
Dashboards for tighter management of performance with alert-driven
dashboards that are tied to a broader number of processes.
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First understand that SOA is a mind-set, principle, world-view….looking at your
business at the process level; then at the re-usable component level (not technology);
then optimizing it; what to insource, what to outsource what to nearsource;
then building the IT platform to support that modular business model.
So it’s - as the name implies – an architecture. It’s an architecture for building.
But building what?
Understand that SOA is not about a product. It’s about a multi-product, multisolution and possibly multi-year project. So more important than anything is
success and building on success. As Daimler showed – focusing on the front
end is a key project to implement based on and leveraging an SOA.
This front end “Workplace” provides the environment for people to interact
within the context of a business process to innovate, increase organizational
productivity and improve operational efﬁciency. … and DRIVE RESULTS.
In fact, we like to say “It’s a great time to be an innovator.”
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NATO Interoperability
Presented at the Seminar on
Interoperability and Space Exploration
5-6 September 2006
J. Troy Turner
C4 Interoperability Standardization
Allied Command Transformation
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Outline of Brief
� North Atlantic Treaty Organization (NATO)
� Transformation & the Importance of Information
� NATO Interoperability & Systems Middleware
� Paradigm Shift: NATO Network Enabled
Capability (NNEC) and use of Service Oriented
Architecture (SOA) approach
� Interoperable Data and Information Services
� NATO Research & Technology – The path forward
� NATO Semantic Web and Meta Web Research
� Summary / Discussion Points
2

This slide addresses the path I’ll take during this presentation. First, a single slide and a
few words on NATO and where, the Allied Command Transformation ﬁts. Then a short
discussion on Transformation and the importance of information sharing to today’s
environment. Then I’ll provide a few examples of middleware use in NATO systems before
I shift gears a little to focus on the future of information sharing in NATO. Here I’ll focus
primarily on Data and Information Services. Then I’ll borrow a viewgraph from Nova
Spivak to illustrate the research and technology areas that NATO is beginning to address
and that might have an impact on your efforts to deﬁne “collaboration for interoperability
in space exploration”. Finally, I’ll sum up with a few discussion or take-away points.
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NATO
�

The North Atlantic Treaty Organization is an
Alliance of 26 Sovereign Nations
�
�
�

�

�

Political, Military, Economic aspects
North Atlantic Council (NAC) highest NATO body
Numerous high-level Committees, Boards,
Working Groups, etc. that make decisions through
consensus
Numerous Agencies, functionally oriented to
deliver systems, platforms, capabilities…

Two Strategic Commands (Bi-SCs)
Allied Command Operations (ACO)
� Allied Command Transformation (ACT)
�

3
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Information
�

“Defense transformation hinges on the recognition
that information is our greatest source of power.”
(Office of CIO, US DOD)

�

�

�

�

Information is the foundation of Industry, Government
and Defense business
Right Info, Right Time, Right Place, Right Purpose,
Right User, Right Format …
Valuable Resource requires Effective Management
throughout Information Lifecycle
Useful Information must be relevant and trusted

4

“Defense transformation hinges on the recognition that information is our greatest source
of power. Information can be leveraged to allow decision makers at all levels to make better
decisions faster and act sooner.” (Ofﬁce of the Chief Information Ofﬁcer, US Department
of Defense brochure, The Power of INFORMATION: Access Share Collaborate.)
We can all recognize that Information is the foundation of Industry, Government and
Defense business: whether it is used for military operations, securing resources
to meet commitments, or the general processes of running a headquarters.
The right information, at the right time, for the right purpose, to the right person…
Information is a valuable resource that requires effective management throughout the Information
Lifecycle, from generation, to storage, dissemination, sharing, archiving and destruction…
To be useful, information must be relevant to the task at hand and Decision Makers
must have a relatively high degree of trust in the information’s validity.
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NATO Air Command & Control System

5

One example of how middleware is used in NATO relates to the NATO Air Command &
Control System or ACCS. As the picture shows, there are many requirements for air C2
and many players. The tasks identiﬁed include Air Mission control, Surveillance, Air Trafﬁc
Control, Airspace Management, Force Management and Command & Control Resource
Management. The next slide shows the position of middleware used for messaging.
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NATO Middleware - ACCS
�

NATO Air Command & Control System uses message oriented
middleware as part of its common services.

6

Note the message oriented middleware as part of NATO Air Command and Control
System (ACCS) level of capability one (LOC-1). This functional air control area must
be interoperable with other functional service areas such as Maritime Services
- Maritime Command and Control Information Systems (MCCIS) or interim air
functional services such as Interoperable (air) Command and Control (ICC).
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NATO Middleware - WISE
�

Example: The WISE framework provides middleware
APIs on top of ZOPE that enables rapid development
of WISE capabilities while enforcing consistency and
quality standards.

7

The diverse set of deﬁnitions describing the concept of “middleware”
encompass much of it’s applicability within NATO.
The era of large monolithic applications is long past. Middleware is
commonly employed when one or more activities produce resources
that require transformation to be used by other activities.
WISE, or WEB Information Service Environment, provides middleware APIs on top of
ZOPE in order to allow the rapid development of web-enabled capabilities while enforcing
consistency and quality standards. This example of the use of middleware provides for
information sharing between legacy or stovepipe systems and other Web enabled systems.
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More NATO Middleware
Middleware is used extensively in NATO. More examples:
�

Maritime Command & Control System (MCCIS)

�

Integrated Command & Control (ICC)

�

�

�

NATO Interoperable Recognized Air Picture Information System
(NIRIS)
BiBi-Strategic Command Automated Information System (Bi(Bi-SC
AIS)
And more: National Systems, Multinational Systems, Commercial
Systems,…
Systems,…
8

In addition to this list of NATO common-funded projects, most NATO nations provide
forces equipped with national systems to support NATO operations as well. Designed for
different purposes and using differing technology, this multitude of systems must exchange
information in order to operate effectively together. And then there are the commercial systems
that contain information NATO requires, for example “Janes”. NATO most often develops
middleware to make information contained in these systems available to NATO forces.

81

The Tenets of

NATO Network Enabled Capability (NNEC)
increase

Mission
Effectiveness

Collaboration and
Self-Synchronization

enhance

Quality of Information
and
Shared Situational Awareness

enable

Information Sharing
And Collaboration

Robustly Networked
Force

improves
9

One of the critical Transformation Objectives that will inﬂuence capability delivery
from today forward is NATO Network Enabled Capability, or NNEC. Many of
you may be familiar with the concept as Network Centric Operations.
The tenets of NNEC are shown in this slide. A Robustly Networked
Force improves information sharing. Information sharing enhances
the quality of information and shared situational awareness.
Shared Situational Awareness enables collaboration and self-synchronization,
and enhances sustainability and the speed of command. In other words, it enables
a New Paradigm of Command and Control. These, in turn, will dramatically
increase mission effectiveness, primarily through agility and speed of action.
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Enabling Data & Information Services
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interfaces
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A critical element supporting the NNEC transformation objective is the NATO Data Strategy,
approved in January 2006. To move from privately owned and stored data in disparate networks,
systems and applications to an enterprise information environment where authorized known
users as well as authorized but unanticipated users can access information they require and can
post their data and information contributions for access and use of others is a major challenge.
This type of data strategy may be useful for cooperative space exploration. Establishing
an environment where Communities of Interest (COIs) can share information, regardless
of their geographic location, system or application technology is key. Information
technology and standards such as XML schemas, XML data and metadata components,
enterprise database segments, reference data tables and related meta-data information
are used and are advertised through registration in a Metadata Registry.
These data and information technologies increase the NATO core capabilities
by integrating common data, packaging database servers, implementing
transformation media and using Enterprise Data Services built from “plug
and operate” components and data access components.
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Communities of Interest Activities
Promote
Visibility
PromoteVisibility

•

Define data sharing shortfall as a
problem statement

•

Define COICOI-specific vocabularies
and taxonomies

•

Register semantic and structural
metadata - Metadata Registry

•

Make data assets visible and
accessible through webweb-services

•

Conduct Pilots, Participate in
Experiments or Exercises

•

Facilitate implementation of
capabilities in Programs of Record

Promote
Promote Understandability
Understandability

Promote
PromoteAccessibility
Accessibility

COI
COIproducts
productsinclude
includevocabularies,
vocabularies,taxonomies,
taxonomies,metadata
metadata
(semantic,
structural,
and
discovery),
web-services,
(semantic, structural, and discovery), web-services,lessons
lessons
learned,
learned,and
andDOTMLPF
DOTMLPFrecommendations.
recommendations.
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From JFCOM Presentation to NDIA Conference, Norfolk, Virginia, March 15, 2006

The key to success is to ﬁrst address the Business Process of a
Community of Interest (COI), then the technology.
COIs are collaborative groups of users who must exchange information in pursuit of their
shared goals, interests, missions, or business processes, and who therefore must have
shared deﬁnitions for the information they exchange. Communities provide an organization
and maintenance construct for data, operational processes and mission capabilities,
providing boundaries to group information and functions relevant to that community.
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Where Are We Headed?

12

Allied Command Transformation invests a considerable amount of their resources
attempting to move out of the lower left quadrant and into the other three
quadrants, Social Software, Semantic Web and Metaweb development.
My Section of engineers and military ofﬁcers, supported by scientists and engineers
in the NATO C3 Agency are beginning to address information interoperability and
information standardization through analysis of various C4 Sources and their taxonomies,
developing an ontology of key systems and beginning development that hopefully lead
us to intelligent agents that can support our users and move us more towards a Semantic
Web. This work is moving into the Semantic Web quadrant. But more work is also
ongoing in areas to connect and improve the work space of people and intelligence.
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Summary/Discussion Points
�

�

�

�

�

Information is our greatest resource. Effective Strategies and
Methodologies for information sharing and information
integration are crucial
Middleware has contributed extensively to interoperability
between disparate NATO and national systems supporting
NATO forces and operations
When developing processes for data and information sharing,
the biggest challenge is to Understand the User’s Informational
Needs
Communities of Interest must identify their “sharable
information” and develop the schema to make data/information
visible, accessible and understandable throughout the
enterprise.
Semantic Web and Metaweb research and technology promise
better use of information for knowledge and intelligence.
13

A cultural shift, a change in the mindset within various communities of interest may be a
tougher challenge than the technological developments. Timely, reliable, relevant information
at the right place and right time – without information overload is the aim. Speciﬁc
technologies can be used help to ensure information interoperability, information relevance
and information completeness to support knowledge and intelligence development.
These are some of the topics that could be discussed when addressing a new program for
multi-national collaboration and the desire for interoperable solutions to space exploration.
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Annex III:
Orgware and
Interoperability
Although a given set of items may be interoperable, if an organization cannot take advantage of
this due to fundamental structural shortcomings, then the interoperability itself can be rendered
useless. The set of organizational tools needed to truly make the best use of interoperability is
sometimes referred to as orgware.

Moderator:
G. Ryan Faith, Program Coordinator, Space Initiatives, Technology and Public Policy Program,
Center for Strategic and International Studies

Speakers:
“COSPAS/SARSAT”—Ajay Mehta, SARSAT Manager, National Oceanic and Atmospheric
Administration
“Space and Logistics”—William (Andy) Evans, Space Logistics Project, United Space Allian
“Institutional Issues in the Deployment of Intelligent Transportation Systems”—Brien Benson,
Professor, Manager, Intelligent Transportation Systems Implementation Research Center, George
Mason University

Ajay Mehta:

“Interoperability and Space
Exploration: Orgware and
Interoperability”
Program Overview:
• Mission
• Societal Needs and Beneﬁts
• History
System Concept and Description:

contents

• Management
COSPAS-SARSAT Elements of Interoperability
Orgware:
• Goal
• Politics
• Policy
• Organization
Conclusion
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The SARSAT program protects life and property
by providing accurate, timely and reliable distress
alert and location information to search and rescue
services in an effective and efﬁcient manner
To fulﬁll its responsibilities, the U.S. SARSAT program:

Program Overview:
Mission

• Collects and distributes distress alert data using satellite ground
stations and a mission control center.
• Coordinates with national and international organizations on
frequency management, satellite, emergency beacon and search and
rescue issues.
• Maintains a national register for 406 MHz emergency beacons.
• Jointly manages and operates the System and represents the
United States to the International COSPAS-SARSAT Program.

250 persons rescued annually in the U.S.,
1,300 persons rescued internationally.
Commercial ﬁshing ranked one of the most hazardous
occupations in U.S. according to Bureau of Labor Statistics and

Program Overview:
Societal Needs
and Beneﬁts

U.S. Coast Guard – 150

deaths per 100,000 workers.

600 lives lost annually prior to U.S Coast Guard notiﬁcation
– Emergency

beacons could help reduce that number.

General aviation (GA) is signiﬁcantly larger then commercial aviation
in the U.S. – More

than 200,000 GA aircraft; 600,000 GA
pilots; 31 million hours ﬂown; 6-8 million passengers.
Economic value – Net

beneﬁts in excess
of $250M on an annual basis.

1950s: First satellites launched
Doppler technology developed
1960s: Emergency 121/243 MHz beacons ﬁrst used by military

Program Overview:
History

1967: 16-year old girl dies after two months waiting for rescue
1970: Congress mandates carriage of 121.5
ELT on general aviation aircraft
1972: Congressmen Boggs and Begich lost in Alaska plane crash
1975: Apollo-Soyuz Test Project
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1976: Canada, France and USA begin
development of SARSAT program
1979: MOU signed between Canada, France, USA and USSR
1983: Launch of SARSAT-1

Program Overview:
History

1985: COSPAS-SARSAT declared operational
1988: International COSPAS-SARSAT Program Agreement
signed by Canada, France, USA and USSR
1992: Russia assumes responsibilities for the former USSR
1998: Geostationary space segment becomes operational
COSPAS-SARSAT announces termination
of 121/243 MHz service starting in 2009
2005: U.S. passes 5000 rescues

System Concept and Description: Overview
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175,000 aviation users in U.S.
• Mostly mandated general aviation users
37,000 recreational boaters in U.S.
• FCC disallowing maritime use of this frequency by 2007
600,000 total users worldwide
121.5/243 MHz satellite alerting to be terminated in 2009

System Concept and
Description:
User Segment

• Not designed for satellites, analog signal, low
power, no identiﬁcation, false alerts
9,300 aviation users in U.S.
• Business jets and mandated aircraft under ICAO Convention
124,000 maritime users in U.S.
• Divided between commercial and recreational vessels
10,000 land-based users in U.S.
• Recreational use plus some aviation and maritime use

System Concept
and Description:
Space Segment

NOAA – POES (5 in operation)
NOAA – GOES (3 in operation)
Russian – Nadezdha (2 in operation)
European – MSG
Indian – INSAT

System Concept and Description: Ground Segment

Legend:

Mission Control Center

GEO Satellite Stations

LEO Satellite Stations
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System Concept and Description: Management
COSPAS
SARSAT Council
Secretariat
Joint Committee

Technical
Working Group

Task Groups
(As Required)

Operational
Working Group

System Concept and Description: Management
Goals
Save Lives

Politics
Public Perception

Humanitarian Mission

Policy
Agreements, Regulations, Statutes
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Strategic Direction

Hardware

Software

Organization

Satellites
Ground Stations
Beacons
Communications
(Physical)

Data
Processing
Communications
(Network,
Application)

Training
Procedures
Quality
Performance

Orgware
Goals

Orgware
“80 percent of every dollar –
[is] needed to support,
manage and organize the
other 20 percent spent on
technology”

Politics

- Dr. Costis Toregas

Policy

Hardware

Software

Organization

Goal is common to all participating States – save lives

Orgware:
Goal

Supported by other international organizations:
• International Civil Aviation Organization
• International Maritime Organization
• UN Committee on Peaceful Uses of Outer Space
Meets basic needs of society
Humanitarian mission
Prestige associated with space activities

Orgware:
Politics

“Without

minimizing the great political and ideological
distances between us, we want to seek and ﬁnd avenues
of rapprochement in areas where this is of vital importance
for our two countries and for all humankind... … Russian
word, perestroika, can be applied to the process now
underway all over the world of rethinking the realities of
a nuclear and space age…” General Secretary Gorbachev
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International COSPAS-SARSAT Program Agreement:
• High level association from each member State
– ensures individual programs have appropriate

Orgware:
Policy

visibility, management attention and resources
Supporting statutes and regulations in member States for carriage and
certiﬁcation of emergency beacons:
• Ensures that no matter where you buy or use an emergency
beacon, it will meet a certain level of performance and be
able to be processed by the regional SAR system.

Data distribution concept evolved to common procedures for
exchange of data:
• Minimizes processing of redundant data
• Keeps appropriate SAR services informed
• Allows for easy backup and contingency operations
• Expectations of SAR services similar
Minimum performance speciﬁcation and design guidelines:
• Ensures interoperability
• Ensures minimum level of performance
• Assists in similar implementation
Monitoring and reporting:

Orgware:
Organizational
Procedures

• Maintains interoperability
• Identiﬁes proper (e.g., most important) system elements to monitor
Commissioning of equipment:
• Ensures interoperability
• Ensures minimum level of performance
Beacon speciﬁcation and type approval:
• Ensures interoperability of space
and ground segments
• Ensures consistent processing and performance
• Ensures users can have same expectations
Training:
• Identiﬁed as a weakness in recent
strategic planning efforts
• While similar data reaching SAR services, different
States have different levels of understanding
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Orgware:
Organizational
Procedures
(continued)

Quality and Performance Management:
• Information on status of system collected –
however, fact based decisions on operational status
of system lacking
• No clear performance goals
identiﬁed for member States

Area

Orgware:
Documentation

COSPAS-SARSAT Documents

Data Distribution

A.001, A.002

Speciﬁcations and Guidelines

A.005, T.002, T.005, T.009

Monitoring and Reporting

A.003

Commissioning

A.006, T.004, T.010, T.013

Beacon Speciﬁcation
and Approval

Policy

T.001, T.007, T.008, T.012

P.001, P.002, P.005, P.006, P.011

COSPAS-SARSAT founded on principles of hardware interoperability
Original agreement allowed interoperability to extend to
software and orgware – increasing system effectiveness
System still evolving in terms of orgware especially as it relates

Conclusion

to training and quality and performance management
New system recognize the beneﬁts of being interoperable with
COSPAS-SARSAT (primarily due to orgware):
• SAR payloads on GNSS satellites
• Security alerting functions
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William A. (Andy)
Evans:
“Space Logistics”

Company of choice for human space ﬂight operations:
• Space Shuttle
• ISS
• CEV

United Space Alliance

• CLV
Flight Operations
Ground Operations
Logistics
Flight Software
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Evolving Network

Early Network (2014)

terrestrial
supplier

Legend:

landing site

main
supplier

Nodes:
Secondary
Primary

Earth

LEO

Orbital

primary
launch site

Moon
Mars

terrestrial
supplier

Ground transport
Orbital transport

international
supplier

Lunar Network (2020) Return to the Moon
terrestrial
supplier

Moon
exploration site

landing site

Moon equatorial
landing site

LEO

main
supplier
primary
launch site

terrestrial
supplier

international
payload launch
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LEO
assembly
orbit

international
supplier
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Evolving Network (continued)
Developed Lunar Network (2026)
terrestrial
supplier

Moon exploration
site 1

landing site

Moon equatorial
landing site

LEO

main
supplier
primary
launch site

LLO
lunar surface
routing

terrestrial
supplier

international
payload launch
site

Moon
exploration
site 2

LEO
assembly
orbit

international
supplier

EM L1 transshipment
point

ice depot

Mars

The planning, analysis, and execution of processes to package and
store provisions, maintain and supply space systems after they launch.

Space Logistics

Logistics Optimization:
• Time Expanded Network versus Static Network
• Supply versus Demand

Published as NASA Technical Publication, titled “Logistics

Logistics Lessons:
Overview

Lessons Learned in NASA Space Flight ”
Research was part of Interplanetary Supply Chain Management and
Logistics Architectures, with MIT, an H&RT project which is ongoing
Further information is at: http://spacelogistics.mit.edu/
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Stowage is the most mentioned lesson in all databases. The
lesson is that there should be design inﬂuence or speciﬁcation
to provide for stowage volume. The resulting problems include
growing time demands for the crew, loss of accountability,
loss of access to operational space, limits to housekeeping,
weakened morale, and an increased requirement for re-supply.

Lessons Learned
Lesson 1: Stowage

Reconﬁgurable stowage volume is recommended.
For high turnover, small items, pantry stowage is
recommended (re-supply the pantry, not the items in it).
A system for naming and numbering stowage volumes
should be established and maintained.
Entryways, docking compartments and other interconnections must
take into account pass-through and cargo transfer operations.

Lessons Learned
Lesson 2: Inventory
System
Lessons Learned
Lesson 3: Asset
Visibility

The inventory system should be based on a common logistics system,
shared by multiple organizations, to decrease the problem of differing
values for like items across systems. Conﬁguration management is
enhanced with this type of system architecture, as well. Additionally,
a single system lends itself to a common naming system.

Packing lists and manifests do not make good manual
accounting systems. Parent-child relationships are ﬂuid,
and need to be intuitively handled by a system updated
by the movement of both parents and children.
Commonality and interoperability should be prime considerations
for all vehicle, system, component, and software in order to
minimize training requirements, to optimize maintainability,
reduce development and sparing costs, and increase operational

Lessons Learned
Lesson 4: Common
and Interoperable

ﬂexibility. Failure to do this increases the logistics footprint.
Interoperability:
• MIR and ISS show the most effort in establishing
some interoperability, but also show the most
lessons.
• An example is from crew debriefs, where the
number of fasteners for closeout panels is
questioned in terms of task
complexity and required tools.
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Lessons Learned
Lesson 5:
Maintainability

Design for maintenance should be a primary consideration in reducing
the logistics footprint. Smaller parts may be possible for repairs,
consistent with the ability to test the sufﬁciency of the repair and the
tools and training provided to the crew. An optimization is preferable,
taking into account tools, time, packaging, stowage and lifecycle cost.

Standards should be planned and applied to system development.
Multiple standards applied to the same area increase the logistics

Lessons Learned
Lesson 6: Standards

footprint. A simple example of this is standard and metric tools.
In most cases, where there are multiple standards, there is
an interface required, and the interface then requires support.
Corollary to this is the use of commercial off the shelf (COTS)
hardware. Unless it is delivered built to an existing standard, it
automatically becomes a source of extra support requirements.

Lessons Learned
Lesson 7: Return
Logistics

Return logistics should be taken into account in the design.
The packaging requirements, pressurization, reparability/
disposability, for the return or destructive reentry of items
should be known and modeled. Trash growth and disposal
should be modeled as part of the crew timeline.
54 space ﬂight experts, evenly divided among engineers,

Perspectives

logisticians, and program managers were surveyed.
They were asked the relative importance of each lesson in terms of
their effect on mission assurance, safety, performance, and cost.

Survey Results
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All

Engineers

Logisticians

Program Managers

1

Maintenance

Maintenance

Maintenance

Maintenance

2

Commonality

Commonality

Commonality

Inventory

3

Inventory

Stowage

Inventory

Commonality

4

Stowage

Inventory

Stowage

Return Logistics

5

Planned Standards

Planned

Planned

Standards

Standards

Stowage/
Planned Standards

6

Return Logistics

Return Logistics

Return Logistics
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Brien Benson:

“Intelligent Transportation Systems”
• Deﬁnition of ITS: application of IT – sensors, computers,
telecom – to surface transportation. E.g., electronic toll
collection, variable message signs, ﬂeet control, trafﬁc signal
upgrades, on-board GPS-powered navigation systems.
• Difference from aerospace and aviation, but
we are all focused on federal policy.
• Message: Don’t let the cause of interoperability get
ahead of practical applications of technologies.
• ITS federal policy started with 1991 federal law ISTEA.
Grew out of Apollo systems engineering and interstate
highway system, both highly successful examples of
federal imposition of interoperability standards.
• ISTEA (IVHS Act) required 20-year plan, standards
promoting national interoperability, innovative publicprivate partnerships, and the automatic highway
system, an example of high tech interoperability.
• At ﬁrst widely accepted by ITS community,
but problems soon became evident.
• Technologies continually evolving (limited cellphones and
internet in 1991) – impossible to plan 20 years ahead.
• Institutions have interests. Vendors wanted their propriety systems
to set standards. States and localities wanted to fund their
priorities, not national priorities. Couldn’t agree on standards.
• ITS did not provide major solutions to trafﬁc congestion
or safety in early years – lost much luster.
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• 1998 TEA 21 tried to address these problems by cutting
planning horizon to 10 years; requiring systems architectures
as intermediary between standards and the national plan;
and reorienting to deployment of off-the-shelf technologies
and dropping the automated highway system.
• But the fundamental problem remained: top down
federal direction, when deployment was occurring
at the local and private sector levels.
• National plan was not taken seriously; systems architectures
became paper exercises unrelated to actual hardware and
software being deployed; standards were established (73 in
2004) but not accepted by the marketplace because they
hadn’t been adequately tested and weren’t oriented to regional
deployment, which was where most of the action is.
• Interoperability works when there is a consensus that a
problem exists and must be solved, using interoperability.
• CapWIN (Capital Area Wireless Integrated Network),
permitting all ﬁrst responders from all jurisdictions in the
region to communicate directly with each other in the
ﬁeld, without having to go through headquarters.
• SmartTag (Virginia)/Easy Pass(New England) toll tag interoperability
• Signal preemption, adjusting trafﬁc signals to
needs of oncoming emergency vehicles.
• Virginia Public-Private Transportation Act, leading to development
of new toll lanes on National Capital Beltway and I-81 under
private management subject to public policy guidance.
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Annex IV:
Space Industry
Perspectives on
Interoperability
This session reviews the results of previous panel discussions, exploring what can be gleaned
from previous experience in and outside of the space sector, and how these experiences can be
applied to address current problems and open new opportunities to private-sector participants
in space exploration. This panel session will also discuss the role of standards development and
consensus-standards building processes and their role in space exploration.

Moderator:
James Lewis, Director and Senior Fellow, Technology and Public Policy Program, Center for
Strategic and International Studies

Speakers:
“Galileo-GPS Integration”—Bruce DeCleene, Navigation Program Manager, Aircraft Engineering
Division, Federal Aviation Administration
“Interoperability, Exploration, and Commerce: Expanding Industry’s Scope”—Paul Eckert,
International and Commercial Strategist, Boeing Integrated Defense Systems—Space
Exploration
“Interoperability and Space Exploration: Northrop Grumman Integrated Systems Remarks”—
Harrison Freer, Director, Space Programs, Northrop Grumman Integrated Systems
“Standards and Interoperability”—Craig Day, Standards Program Manager, American Institute of
Aeronautics and Astronautics

Bruce DeCleene:

“GPS and Galileo Integration”

GPS and Galileo Systems
Hardware Interoperability – Issues

contents

•

Open-Source vs. Proprietary Standards

•

Single-Source vs. Parallel Development

•

Degree of Harmonization

International Aviation Standards
Organization Interoperability Issues:
•

Approving State responsible
for compliance

•

Stakeholder coordination and concurrence

Baseline 24 satellite constellation in medium earth orbit
Global coverage, 24 hours a day, all weather conditions

GPS:
Overview

Satellites broadcast precise time and orbit
information on L-band radio frequencies
Two types of signals:
• Standard (free of direct user fees)
• Precise (U.S. and Allied military)
Three segments:
• Space
• Ground control
• User equipment
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Free access to civilian signals:
• One-way broadcast, like FM radio
Public domain documentation:
• Anyone can develop user equipment

GPS:
a Global
Public Service

Worldwide utility providing consistent,
predictable, dependable performance
• Critical component of global information infrastructure
Owned and operated by the U.S. Government:
• Paid for by U.S. taxpayers
• Guided at a national level as multi-use asset
• Acquired and operated by Air Force on behalf of USG

GPS:
Improving GPS
Performance with
Augmentations

Augmentations enhance GPS accuracy, monitor integrity:
• Sub-centimeter accuracy for geodesy, geology, etc.
• 2-5 cm accuracy for real-time positioning,
surveying, etc.
• <3 m vertical accuracy with 6 second
time to alarm for aviation
Public – Private Partnership

Galileo

Services Relevant to Aviation:
• Open Service (OS):
- Free of charge to users worldwide
• Service (SoL):
- Improved OS through integrity
- Service guarantee envisaged
- Air and marine navigation, rail etc.
In 2004, United States and European Community signed
historic agreement on GPS-Galileo cooperation, recognizing
importance of compatibility and interoperability for all parties
Agreed to spectrally separate signals for military,

GPS - Galielo
Agreement

civilian, and public regulated services
Agreed to implement a common, open, civil signal on
both Galileo and GPS III, free of direct user fees
Working groups established to continue dialogue:
• Compatibility & Interoperability
• Trade & Commercial Applications
• Next-Generation GNSS
• Security Issues
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Hardware
Interoperability:
GPS - Open-Source
Standard, SingleSource Development

Open access to standards facilitates adoption:

Hardware
Interoperability:
Galileo - Open and
Proprietary
Standard, SingleSource Development

Encryption of Safety of Life Service?:

US as only provider of GPS signals simpliﬁes coordination of change:
• Ensure backward compatibility to preserve service
to existing installed base of equipment

• Aviation concerns over inadvertent denial-of-service
• Authentication could enhance security without
establishing proprietary standard

Space-Based Augmentation Systems (SBAS) were developed by US,

Hardware
Interoperability:
Aviation Augmentation
Systems - Open-Source
Standards, MultipleSource Development

Europe and Japan in parallel with completing the standards

Timing of contracts vs. standards left some challenges:
• Wasted bits in a severe bandwidth-constrained
system (User Range Accuracy, Issue of Data,
Data ID)
• Standard forced design change after contract
to ensure interoperability
Increased complexity to be ﬂexible to different objectives:
• SBAS: European system to augment GLONASS
• GBAS: Flexibility to implement approach-only service

Extensive discussion of compatibility and interoperability in US/EU

Hardware
Interoperability:
GPS-Galileo
Compatability

negotiations:
• Compatible: not interfere with each other
• Interoperable: can be integrated within the user equipment
All signals must be compatible
Signals to be interoperable to greatest extent possible”
• Degree of harmonization?
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Improving GNSS Interoperability

Most Important
for Future
Interoperability

Characteristic

Interoperability Beneﬁt

Common time and reference frames, or

Navigation solutions can blend measurements

broadcast offsets

from different systems
Common antenna and receiver front end—lower

Common carrier frequencies

power and cost; common carrier tracking for
higher accuracy

Similar spreading

Common-mode dispersive errors removed in navigation solution for

modulation spectra

New L1C Signal
to use common
modulation

Common spreading code lengths and
common code family

higher accuracy
Lower cross-correlation sidelobes for better weaksignal reception; common receiver processing for
acquisition and tracking

Common data message

Common receiver processing for data message

structure and encoding

decoding and processing

Convention on International Aviation, 1944”
• Each contracting State undertakes, so far as it may ﬁnd
practicable, to provide, in its territory, airports, radio services,
meteorological services and other air navigation facilities

International Aviation
Standards

to facilitate international air navigation, in accordance with
the standards and practices recommended or established
from time to time, pursuant to this Convention;
Each State responsible for air navigation services within their territory:
• Services may be contracted to third party, but the State
is responsible for compliance with the Convention

International Aviation
Standards:
GPS and International
Aviation

FAA Administrator offered GPS to ICAO (1994):
• Worldwide
• Free of direct user fees
• Six years notice prior to termination
ICAO accepted and adopted Charter on the Rights and Obligations of
States Relating to GNSS Services:
• Nondiscriminatory
• No change in State authority and responsibility
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US is GPS signal provider
Each contracting State (approving GPS within their territory) is
responsible for safety and compliance with standard:
• States can fulﬁll responsibility through monitoring

Organizational
Interoperability

GPS (off-line, data archiving), requirement for
receiver augmentation integrity monitoring (RAIM)
• States can also use augmentation systems
to preserve authority: Space-Based, Ground-Based
augmentations provide integrity override to assure
safe operations with GPS
• State responsible to approve
use of GPS as appropriate

Organizational Interoperability: GPS Aviation Ops Approvals

Legend:

Approved

Pending
Stakeholder Coordination and Concurrence:
Discontinue Selective Availability (May 2000)
Selective Availability (SA) originally degraded performance

Organizational
Interoperability:
Selective Availability
Discontinued

for Standard Positioning Service (SPS) users
SPS discontinued 10/01, US standards were modiﬁed:
• SA was dominant error source, so original
standards written at user receiver
• Without SA, atmospheric effects are dominant error
source so new standards written at satellite antenna
Other States asked for validation that the change
in speciﬁcation was backward compatible (i.e.,
performance got no worse under all conditions)
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New ICAO Standards adopted (Feb 2004)

113

Network & Space Systems

Space Exploration

Interoperability,
Exploration, and
Commerce

Expanding Industry’s Scope
Paul Eckert , Ph.D.

International & Commercial Strategist
The Boeing Company

Interoperability & Space Exploration
7 September 2006

Boeing is accustomed to
working with international
industrial partners, and we
recognize the value of
interoperability.

7 September 2006
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Interoperability, Exploration, and Commerce

1

Sea Launch
Expanding Industry’s Scope

• Launch of commercial satellites from a mobile sea-based platform,
positioned on the equator in the Pacific Ocean
• The Boeing Company (U.S., 40%), RSC Energia (Russia, 25%), Aker ASA
(Norway, 20%) and SDO Yuzhnoye / PO Yuzhmash (Ukraine, 15%)

Sea Launch sends JCSAT-9 into orbit, 12 April 2006
Photo: Sea Launch
7 September 2006

Interoperability, Exploration, and Commerce

2

Mitsubishi
Heavy Industries
Expanding Industry’s Scope

� International Space Station

� Boeing: JEM development assistance,
especially in procuring ISS common parts
� ISS Partner Dialogue: international
cooperation dialogue promoted by Boeing, as
NASA’s ISS Prime Contractor

� H-IIA & Delta IV

� Boeing manufacture of second stage LOX
tank for H-IIA
� MHI manufacture of second stage LH2 tank
for Delta IV

Japanese Kibo Module
©JAXA

H-IIA 2nd stage
LOX Tank

� Backup Agreement:

� Alliance among Sea Launch’s Zenit-3SL,
MHI’s H-IIA and Arianespace’s Ariane V

� MB-XX Propulsion System
� Collaborating since 1999 with Boeing
Rocketdyne Propulsion & Power
(now Pratt & Whitney Rocketdyne) on high
performance, highly reliable upper stage
engine with multiple restart capability

Delta IV 2nd stage
LH2 Tank

MB-XX Demonstrator
Hot Fire
7 September 2006

Interoperability, Exploration, and Commerce
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Mitsubishi
Heavy Industries
Expanding Industry’s Scope

International Space Station
•
•

Boeing: JEM development assistance,
especially in procuring ISS common parts
ISS Partner Dialogue: international
cooperation dialogue promoted by Boeing, as
NASA’s ISS Prime Contractor

H-IIA & Delta IV
•

•

Boeing manufacture of second stage LOX
tank for H-IIA
MHI manufacture of second stage LH2 tank
for Delta IV

Japanese Kibo Module
©JAXA

H-IIA 2nd stage
LOX Tank

Backup Agreement:
•

Alliance among Sea Launch’s Zenit-3SL,
MHI’s H-IIA and Arianespace’s Ariane V

MB-XX Propulsion System
•

Collaborating since 1999 with Boeing
Rocketdyne Propulsion & Power
(now Pratt & Whitney Rocketdyne) on high
performance, highly reliable upper stage
engine with multiple restart capability

Delta IV 2nd stage
LH2 Tank

MB-XX Demonstrator
Hot Fire
Interoperability, Exploration, and Commerce

7 September 2006

3

Alcatel Alenia Space Italia
Expanding Industry’s Scope

ISS Nodes 2 and 3, and Columbus Lab

Nodes 2 and 3

• Boeing has provided AAS-I with ISS common hardware

ISS Multi-Purpose Logistics Modules (MPLM)
• AAS-I supports Boeing as prime contractor for
Checkout, Assembly, and Payload Processing Services
(CAPPS) contract (i.e., testing, processing, and
management of Space Shuttle and expendable launch
vehicle payloads)
• AAS-I provides Boeing with engineering support for
both MPLM ground processing at NASA KSC and flight
operations in MER at NASA JSC

Orion (CEV)

• Collaborated with Northrop Grumman / Boeing team on
phase 1 activities, as well as concept definition and
trade analysis
• Supported team in pursuit of design, development, and
production contract award
• Responsible for planning design, development, and
production of pressurized structure of Crew Module

7 September 2006
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Orion (CEV)
4

Our experience suggests that
exploration interoperability
could involve numerous
dimensions.

Interoperability, Exploration, and Commerce

7 September 2006

6

Standardized Interfaces
Expanding Industry’s Scope

� Pressure vessels (any functional volume pressurized for human
habitation: landers, habitats, rovers, logistics modules, etc.)
� Electrical outlets and plugs
� Liquid connectors for each type (e.g., water)
� Gas connectors for each type (e.g., oxygen)
� Data (e.g., Ethernet cables, RF/WiFi)
� Airlock control panels
� Spacesuit connections with habitat life support and environment
control systems (servicing, recharging, umbilical operations)
� Robotic manipulating mechanisms (robot to system interfaces)

7 September 2006
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Interchangeable Assemblies
& Components
Expanding Industry’s Scope

Assemblies:

• Life support
• Power (management,
generation, & storage)
• Waste management
• Thermal management
• Crew interface panel (e.g.,
command & control station)
• Airlocks
• Command & data handling
systems

7 September 2006

Components:
•
•
•
•
•
•
•
•
•
•
•
•
•

Microprocessors
Valves
Tanks
Filters
Keyboards
Software
Fans
Computers
Pumps
Batteries
Solar arrays
Circuit boards
Antennas

Interoperability, Exploration, and Commerce
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Possible Interoperability
Benefits
Expanding Industry’s Scope

� Reduced Cost
�
�
�
�

Shared infrastructure & consumables
Increased competition in commercial markets
Decreased logistics overhead (i.e., fewer unique parts)
Enhanced reuse & reconfigurability (e.g., lander converted to
propellant depot)

� Increased Supply
� Larger customer base

� Enhanced Safety
� Rescue
� Repair

� Expanded Investment
� Attractiveness of lower risk and larger markets
7 September 2006
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We recognize the importance of
interoperability to commerce—a
key to affordable and
sustainable exploration.

Interoperability, Exploration, and Commerce

7 September 2006
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Why Commerce Matters
Expanding Industry’s Scope

Contracting:

Government as
only customer

Government
Investment

Partnership:
PublicPublic-Private
Synergy

Public & Private
Investment
Pooled

Commerce:

Government as one
customer among
many or not at all

Private
Investment

Real commerce, with nonnon-government customers,
is the key to economic growth
7 September 2006
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Incremental Risk Management
Expanding Industry’s Scope

Space
Companies:
Startups

Opportunity
Non-Space
Companies

Opportunity
Opportunity
Opportunity

Investors

7 September 2006

Maintaining Acceptable
RiskRisk-Investment Balance

Space
Companies:
Established

Experts/
Partners:
Government,
Academia,
Associations

Ventures

R
I
S
K

Demonstrations

Research

Dialogue

Interoperability, Exploration, and Commerce
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We are facilitating international
commercial dialogue, relevant
to interoperability.

7 September 2006
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Roundtable Series
Expanding Industry’s Scope

www.lunarcommerceroundtable.com
� Roundtable 1
� Dallas, Texas – June 2005
� Broad survey of lunar-related opportunities

� Roundtable 2
� Houston, Texas – Oct. 2005
� Focus on lunar-related solar power, propellant,
media, robotics

� Roundtable 3
� Las Vegas, NV – July 2006
� Shift focus to entire Earth-Moon economic system
Boeing Photo
7 September 2006

Interoperability, Exploration, and Commerce
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Third Roundtable Sponsors
Expanding Industry’s Scope

7 September 2006

Interoperability, Exploration, and Commerce
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Enablers & Interoperability
Expanding Industry’s Scope

Funding
Access to Space
Use of Space Resources
Legal/Regulatory Framework
Public/Private Sector Relationship
7 September 2006

Interoperability, Exploration, and Commerce
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Risk Reduction
& Interoperability
Expanding Industry’s Scope

� Risks include:
� Market demand, residual value, funding availability, human
factors, technical viability, legal-regulatory constraints, etc.

� Risk reduction options include:
� Industry: Effective business planning, market research, team
skill mix, etc.
� Government: Advance purchase commitments, infrastructure
investment, strategic planning, legal/regulatory frameworks,
policy initiatives, as well as models for government-industry
partnerships, etc.

� Future roundtable options:
� Investor and public private partnership focus
7 September 2006
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Toward an
Interoperable Future?
Expanding Industry’s Scope

� Heritage: Boeing is accustomed to working with
international industrial partners, and we understand the
value of interoperability.
� Foresight: Our experience suggests that exploration
interoperability could involve numerous dimensions.
� Adaptability: We recognize the importance of
interoperability to commerce—a key to affordable and
sustainable exploration.
� Inclusiveness: We are facilitating international
commercial dialogue, relevant to interoperability.

7 September 2006

Interoperability, Exploration, and Commerce
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Harrison Freer:

remarks on interoperability
and space exploration
First, thank you to CSIS, AAS and GMU for addressing this important subject. Thanks for
the opportunity to share some ideas and more importantly, listen to many others who have
shared their thoughts and passions. I would like to start by saying whatever Jeff Volosin
says this afternoon you should think to cut and paste as my ﬁrst main point. Second, I
would like to talk about interoperability in the digital age as fundamentally different than
how we commonly think about it as an industrial age challenge. Finally, I would like to
exhort, that while we will not get it perfect every time, this is OK and is in my view that
this is preferable to spending inordinate effort and money with paralysis of analysis.
I would like to make several comments about the points made yesterday. First, I think
the container example as to a breakthrough technology is a stretch with regard to global
transportation. I would put it at about version 3.111 of the improvements to global transportation
behind the steam engine, metal ships, supertankers and certainly way behind the airplane.
I would submit the pallet adopted in 1948 Berlin airlift is more important than the container
if one has the right metrics namely value of goods transported. Further, I believe we can
learn far more about global speed and consistency from the FedEx and UPS freight models
than the surface shipping industry because when one thinks in single or double digit knots
and days and weeks instead of high velocity and seconds and minutes one could easily
learn the wrong lessons. This is perhaps a good time to challenge some conventional
thinking about transportation systems or architectures. I maintain that being early is bad,
being on time is good and being late is very bad. Think about whether you agree with
this and we can get around to it again in the question session if there is an interest. But
is the simplistic way I try to articulate the value of synchronization, which is important.
I also was intrigued by the discussion about at what level should interoperability should
occur and how many different standards are enough or too many. I think trying to get
to one standard is way too tough and not constructive because of all the monopolistic
inefﬁciencies which tend toward this approach. I think ADA mentioned yesterday is a
good example. I think if you get more than 3 standards all but the top three will quickly
atrophy and there will be at most 3 legitimate standards. So interoperability can be viewed
as having at least 2 choices with which to interface with. It doesn’t really matter what
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they are so much as one has a choice which drives competition and efﬁciencies.
I was also fascinated that nobody brought up war as a technology engine which has
implications to interoperability in the space business. Certainly war played a huge role in the
rapid evolution of aircraft in the 20th century and the cold war was what got us to space in
the ﬁrst place. And many of the innovations applicable to space ﬂight improvements have
been ﬁrst applied to the conduct of military and intelligence missions. This includes huge
investments in rockets, command and control, communications, weather, navigation satellites.
It is interesting to note the Chinese space program is completely contained in the military.
I am happy to discuss further any of these observations during the Q&A, but
let me return to the points I prepared prior to yesterday’s exchange.
At one level interoperability and the ﬂexibility it provides is a shared goal and at another it is
a customer call. I believe there is short term overhead and cost associated with this, and as
Dr. Hamre rightly noted yesterday the public cash situation is quite grim. From an industry
standpoint if we can have reuse which lowers cost and reduces risk in an offering these will
likely be the drivers. And, unless there is a perceived or actual incentive for interoperability it
will be a challenge to get to the front burner of the trade space. We are customer centered and
want to be aligned with the customer on this topic and all the others on achieving the Vision
for Space Exploration. If NASA wants us to build a universally interoperable Space Exploration
set of products and services, we will work hard to win some of this business. We will also do
our best to bring to light the unintended consequences of such desires and decision. This
could be looked at as a dimension of requirements creep and while NASA currently appears
to be disciplined in their efforts to quote Einstein or Horowitz, whomever you prefer “to keep
it as simple as possible and no simpler,” large scale NASA procurements have been known
to suffer on occasion from this challenge. There is only a limited amount of money and time,
so there will always be tough calls to balance custom design and common design. The space
business has been focused on tight power and weight budgets and performance standards
for a hostile, unforgiving environment where repair capability is very limited, so the incentive
to squeeze out the last bit of capability has predominated. We should bring the customer a
comprehensive set pros and cons for discussion of the trade space for such subjects, but
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if they want, for example, to specify the Architecture in English units we will comply. While I
was personally disappointed in the English units call on CEV and believe it is short sighted in
some ways, this was a customer call. At a more basic level, I am hopeful we collectively will
be strictly disciplined about making sure we have clear mechanisms to insure the safeguards
are in place to note, caution and warn appropriately when there is a potential for confusion.
At another level as citizens including taxpayers and voters, we want NASA to succeed and
will work hard to bring good ideas to the table including interoperability in the design and
CONOPs for the systems we may be fortunate enough to win a contract to build and ﬂy.
I think the Commercial Orbital Transportation Services undertaking holds considerable promise
to provide some healthy competition, which if properly channeled could as a by-product improve
interoperability. Here I am reminded of Adam Smith’s concept of the hidden hand of the market
which tends to drive efﬁciencies into the system as a whole even as each individual concentrates
on his or her economic self interest. To date human space ﬂight has been principally an
instrument of national prestige and politics with interoperability across systems only as an
afterthought. The market, which invented money to facilitate trade can go a long way to
enhancing interoperability and COTS holds some hope that we can make progress in this area.
Now please look at the person next to you and nudge him or her if they are using their
blackberry because they are likely not taking notes on what I am talking about. Rather, they
are more likely communicating virtually, either across the room, perhaps trying to get a date or
with the same goal with someone across town, across the country or maybe even around the
world. Let me caveat this part of my remarks with the obvious observation that I am a stale,
pale, male, and therefore an immigrant to the digital age. My working deﬁnition of the digital
immigrant versus digital native break point is around 27 years old, give or take. However,
when it comes to the topic of interoperability I like to paraphrase James Carville and shout
“it’s the software s_____,” What I mean by this is once things are digitized, the journey toward
interoperability is inherently easier. A one and a zero are easily translated at the design level
if there is a driving interest to do so. This is a new way of thinking, but is, in my view central
to the topic at hand. There are some choices to be made about whether the native design
language is Parametric Technology’s “Pro E” or Dassault’s CATIA but in the digital age, reliable
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translations are achievable and de facto standards will emerge. We will also use software based
tools and systems which are becoming more intuitive and distributed to manage almost every
aspect of projects. These systems become integrated into the business in insidious ways so
that trade offs in training, recapitalization and cost all play a role in these choices. Here I favor
international best practice standards as guidelines for making such decisions. Some call them
consensus standards, whether it be IEEE, ISO, PMI, I like to think of them as available best
practices and one better have a darn good reason for deviating from them and recognize the
lack of interoperability as a risk incurred in doing so. From a hardware standpoint if there are
multiple hatch diameters, pick one and hedge your bets. Your design tool will assist if you are
unlucky. Otherwise you may become obsolete. But the trip to the moon this time will have a
much higher percentage of the money spent on software than the last time.This gets me to
my ﬁnal point. I am a huge Mike Grifﬁn fan. I think the world, America, and NASA are truly
blessed to have Mike leading the space efforts to return humans to the moon. People will
argue for more international cooperation and others will argue for less dependency or different
architectures and visions. Mike has thought about this extensively and is in fact traveling to
China, Japan and Russia soon on an historic visit which I hope will bear long term fruit for
the entire world space community. I can think of no other leader alive today who I would
rather follow in the important venture of human exploration beyond Low Earth Orbit. I recently
read a description of George Washington in David McCullough’s book 1776 and it reminded
me of Mike, stoic, introspective, not a gifted public speaker, but a life long learner. And the
bottom line to Washington’s greatness was persistence. This Space stuff is too important to
give up on. While we live in a world fraught with unrest and turmoil, one of the great virtues
of the human spirit is innovation and I am continually amazed by the diversity of ideas and
ingenuity I see around me, driven by this spirit and powered by our democratic and market
principals. I hope history is as kind to Mike Grifﬁn as it has been to George Washington. He
certainly had his share of difﬁculties, but didn’t let them deter him from persevering. And so it
should be with all of us as we strive to ﬁnd ways to work together for an important pursuit.
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Craig Day:

“Standards and Interoperability”

About AIAA
AIAA Standards Program

contents

The Space Standardization Landscape
Standards and Interoperability
Example 1: Mars Exploration
Example 2: Modernization of Government
Ground Control Networks
Mission:

AIAA advances the state of aerospace science,
engineering, and technological leadership.
•

Vision:

AIAA is the shaping, dynamic force in aerospace - THE
forum for innovation, excellence, and global leadership.

•

About AIAA

Membership of ~ 36,000 aerospace professionals.
62 corporate members
Supported by professional staff of ~ 100
Core products & services: standards, conferences,
publications, public policy, workforce and professional
development, technical information repository
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Openness
Balance

AIAA Standards
Program

Due-process
Public review and comment
Iterative
Consensus-based
ANSI-accredited
AIAA Committees on Standards:
• Governed by AIAA Standards Executive Council
• Topics include: aerospace pressure vessels,
solar cells and panels, space
system structural design, etc.
• Fairly U.S.-centric
ISO TC20/SC14:
• Governed by the International Organization for
Standardization (ISO)
• Focused on standardization for space systems and

The Space
Standardization
Landscape

perations at the international level
• AIAA provides SC Secretary
CCSDS - Consultative Committee for Space Data Systems:
• Governed by the CCSDS Management Council
• Focused on standardization for space data and
information transfer at the international agency level
• NASA funds AIAA to provide
process management support
Together these groups develop consensus standards for the entire
life-cycle of space mission:
• Design and production
• Launch
• On-orbit ops
• Disposal
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AIAA Standards Program: Iterative Consensus Development

Standardization promotes interoperability by:
• Providing a forum for technical information exchange
• Codifying industry best practices

Standards and
Interoperability

• Creating a robust “network” layer
• Deﬁning information exchange models
• Deﬁning physical interface models
Leading to:
• Greater understanding of exchanged information
• Reduced non-recurring and recurring costs
• Reduced mission risk
• Increased situational awareness

Example 1:
Mars Exploration

Problem:
• Early missions relied on data transferred directly
from Mars surface to Earth ground stations
• Very limited transmission rates
• Data reliability constrained
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Solution:
• Relay data from Martian surface to Mars
orbiting spacecraft and then on to Earth
• Standardize communication protocols to allow surface missions and
orbiters to share data transmission duties reliably and efﬁciently
Results:

Example 1:
Mars Exploration
(continued)

• Consensus data relay protocol developed at
international level within CCSDS
• Protocols successfully implemented on
Spirit and Opportunity Rovers
• Rover to orbiter transmission rates
twice as fast as predicted
• Scientists receiving three times
more data than originally expected
• Demonstrated ﬁrst working international communications
network around another planet (Spirit & Mars Express)

Problem:
• Desire to share resources among
NASA, NOAA, DoD networks
• Desire to modernize AF ground control
network despite legacy systems on orbit
Solution:
• Adopt open, TCP/IP based standards for

Example 2:
Modernization of
Air Force Ground
Control Networks

TT&C functions
• Develop adaptations and conversions o
open standards to support legacy systems
Results:
• Upgrades to AF networks to provide
TCP/IP capability underway
• New AIAA CoS formed to develop adaptations and
conversions based on proven CCSDS standards
• CoS made up of representatives of government and
commercial network user community,
hardware vendor community, support community
• Standards publication within six-months likely
(work started in Spring 2005)
• Prototype implementations are in development and testing
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Annex V:
Space Agency
Perspectives on
Interoperability
This panel session presents the observations of civil space agencies regarding interoperability,
cooperation, and their future space exploration plans

Moderator:
Vincent Sabathier, Senior Fellow and Director of Space Initiatives, Technology and Public Policy
Program, Center for Strategic and International Studies

Speakers:
“Dawn of a New Space Age: Developing a Global Exploration Strategy”—Jeffrey Volosin, Lead,
Global Exploration Strategy Program, National Aeronautics and Space Administration
“Interoperability and Space Exploration: Space Agency Perspectives”—Jean-Jacques Tortora,
Centre National d’Etudes Spatiales, Representative in the United States and Space Attaché to
the French Embassy
“JAXA Perspective on Space Exploration and Interoperability”—Kiwao Shibukawa, Director,
Washington, D.C., Ofﬁce, Japan Aerospace Exploration Agency

Jeff Volosin:

“Dawn of a New Space Age: Developing
a Global Exploration Strategy”

NASA Authorization Act of 2005:
• The Administrator shall establish a program to develop a
sustained human presence on the Moon, including a robust
precursor program to promote exploration, science, commerce
and U.S. preeminence in space, and as a stepping stone
to future exploration of Mars and other destinations.
Complete the International Space Station

A Bold
Vision for Space
Exploration,
Authorized by
Congress

Safely ﬂy the Space Shuttle until 2010
Develop and ﬂy the Crew Exploration Vehicle
no later than 2014 (goal of 2012)
Return to the Moon no later than 2020
Extend human presence across the solar system and beyond
Implement a sustained and affordable human and robotic program
Develop supporting innovative technologies,
knowledge, and infrastructures
Promote international and commercial participation in exploration
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Our Approach: An Architecture Driven By A Strategy

Global Exploration Strategy Development

Reference Architecture
& Design Reference
Mission

Architecture Assessment

Detailed Design

Themes &
Objectives

Operations Concept,
Technology Needs,
Element Requirements

3

In 2005 NASA Initiated the Exploration Systems Architecture Study
(ESAS):
• ESAS Deﬁned some early elements of the
transportation architecture required to support
post-Shuttle crew and cargo transfer

But Wait -We Jumped
Out of Order…

to/from Earth-orbit and the moon
• ESAS took an initial look at lunar surface architecture elements
that might drive the requirements for this transportation system
2006 - Readdressing the Exploration Strategy:
NASA has initiated a signiﬁcant effort to identify the
compelling reasons why NASA and other stakeholders would
beneﬁt from a concentrated focus on lunar exploration

The compelling answer to the following questions:

What is a ‘Global
Exploration Strategy’?

• “Why” we are going back to the moon?
• “What” do we hope to accomplish when we get there?

Not a deﬁnition of ‘how’ we will explore (operations & architecture)
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Global - refers to the inclusion of all stakeholders in the strategy
development process - to ensure that as NASA moves forward in
planning for future exploration missions - we understand the interests
of:

What is a ‘Global
Exploration Strategy’?
(continued)

• International Space Agencies
• Academia
• Private Sector
Includes the moon, Mars, and beyond as
potential destination for exploration:
Initially focused on human and robotic exploration of the moon
An evolving plan that will expand to include
Mars and other destinations

A high-level compelling story of the value of lunar exploration that can
be used to explain this effort to policy makers and the general public
A blueprint that will serve as a starting point for:
- Coordination: coordination among participants to

What Is a ‘Global
Exploration Strategy’
Used For?

maximize what can be accomplished
- Collaboration: discussions between participants
regarding areas of potential collaboration
- Mission Design: detailed technical analyses that address,
•

Time Phasing of activities and identiﬁcation of
dependencies among them

Prioritization based on individual stakeholder goals
• Operational and Architecture Impacts
•

of implementation of the strategy

Components of the
Global Exploration
Strategy:
Overview
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Themes: Address the question:
• Why should we return to the moon?
Objectives: Address the question:
• What are we going to do when we get there?

Current Draft Themes: Core Themes
Core Themes Address the Primary Activities to be
Conducted on the Moon:
•

Stepping Stone: Use the Moon to
prepare for future human and robotic
missions to Mars and other destinations

•

Components of the
Global Exploration
Strategy:
Themes

Science: Pursue scientiﬁc activities to address
fundamental questions about the solar system,
the universe, and our place in them

•

Sustained Presence: Extend sustained
human presence to the Moon
to enable eventual settlement

Current Draft Themes: Crosscutting Themes
Crosscutting Themes Address ways to maximize the beneﬁt of the
core themes:
• Economic Expansion: Expand Earth’s
economic sphere to encompass the
Moon and pursue lunar activities with
direct beneﬁts to life on Earth
• Global Partnership: Strengthen existing and
create new global partnerships
• Inspiration: Engage, inspire, and educate the public

Describe the discrete set of activities that the global community
has deﬁned as important in supporting the exploration themes

Components of the
Global Exploration
Strategy:
Objectives

For example, the theme of using lunar exploration to prepare for
future human missions to more distant destinations can be described
by a set of associated objectives, such as scientiﬁc measurements,
mission simulations, and technology and operations validation.
Serve as a means for breaking down the theme areas
into achievable parcels of work that can be time-phased
and prioritized – while still being at a strategic level
180 Objectives are grouped into 23 categories
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Components of the Global Exploration Strategy: Objectives
• Astronomy & Astrophysics

• Surface Mobility

• Earth Observation

• Transportation

• Geology

• Operational Environmental Monitoring

• Materials Science

• General Infrastructure

• Human Health

• Operations Test & Veriﬁcation

• Environmental Characterization

• Lunar Resource Utilization

• Operational Support

• Historic Preservation

• Life Support & Habitat

• Development of Lunar Commerce

• Environmental Hazard Mitigation

• Global Partnership

• Power

• Public Engagement

• Communication

• Program Execution

• Guidance, Navigation & Control
Discussions with international space agencies revealed:
• Many nations have an interest in lunar exploration
• Six nations already have plans for robotic
exploration of the moon
• Most other space agencies have a policy
commitment to pursue robotic exploration - but not a driving goal to participate in human
lunar exploration by a speciﬁc date:
• The U.S. Vision reﬂects a policy decision
to return humans to the moon by 2020
• Decision made to develop high level document

Strategic Framework
for Sustainable Global
Space Exploration:
A New Document

that outlines the framework for international
coordination and cooperation in future exploration
of the moon, Mars, and beyond.
Outline:
• Introduction (Methodology / Approach)
• Joint Vision Statement and Guiding Principles
• Why a Global Exploration Strategy Beneﬁts to Humanity
• Exploration Themes/Beneﬁts
• Overall Exploration Goals
• Next Step: The Moon (Includes the Lunar
Themes and Objectives)
• Strategy Implementation
• Global Open Architecture
• Consultation, Coordination, & Cooperation
• Tentative Roadmap and Timeline
• Summary
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Using Strategy to
Drive Architecture
Design: NASA’s Lunar
Architecture Study:
Study Objectives

Deﬁne a series of lunar missions constituting NASA’s lunar campaign
to fulﬁll the Lunar Exploration elements of the Vision for Space
Exploration:
• Multiple human and robotic missions
Develop process for future Architecture updates
Drive architecture studies from exploration strategy objectives

Phase I (Initial Internal NASA Studies):
• Understand architecture and operational impacts associated

Using Strategy to
Drive Architecture
Design: NASA’s Lunar
Architecture Study:
Two Phase Process

with the implementation of the key objectives that NASA
is interested in achieving based on the Vision
Phase II (Maturation and Discussion With International Space
Agencies and Private Sector):
• Provide sufﬁcient deﬁnition and supporting
rationale for near term missions to enable
commitment to these missions
• Deﬁne areas of potential coordination and collaboration

Global Exploration
Strategy Development
Process for 2006
2006 Products
April
Define Themes and Objectives
Initial Strategy Workshop
NASA RFI
Merging of Data Sets
Stakeholder Review
Meeting to Merge Inputs
Finalize Themes and Objectives
Developed Time-Phased Strategy
Drafting Meeting
Stakeholder Review
Merging of Stakeholder Comments
Develop Interim Strategy
Meeting to Review Draft Strategy
Strategy Production
Interim Strategy Roll-Out

NASA developed video and brochure that addressthe
two basic questions - “Why” and “What”
Internationally developed “Strategic Framework for
Sustainable Global Space Exploration” to establish a
framework for future coordination and collaboration

June

6/30

October

August

7/28
8/2-4

December

8/30

9/13-15

10/6
10/20
10/24-26 12/1
12/4-6
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Looking Beyond the Shuttle: Beneﬁts of CEV Approach
Focus on Ensuring Crew Safety During Transition
In/Out of Earth’s Atmosphere
ESAS Baseline was to use LOx/Methane Propulsion:
• Initial Studies Showed Performance Advantage,
Coupled with an ISRU strategy for Mars,
Made Investment in LOx/Methane Worthwhile
• Cost Savings Possible Through Common
Development for CEV, Lunar Lander
Ascent Stage and Mars ascent/descent Propulsion
• Further Analysis Indicated:
-

LOx/Methane Not Required to Implement
Lunar Architecture

-

LOx/Methane Added Considerable Risk and
Cost to CEV Development

-

Mars Mission ISRU Strategy is
Very Conceptual Today

-

Using an Overarching
Architecture to Drive
Element/Operations
Requirements

Lox/Methane R&D Continuing

ESAS Baseline Required a Dedicated Docking Adapter for ISS:
• Limited Options for Supporting ISS
• Required Separate Development of ISS Adapter
• Changed Strategy to Allow for Multiple
Hardware Interfaces
ESAS Baseline Required an Unpressurized ISS Cargo Delivery Vehicle:
• Will Pursue Alternatives
• Options Include Currently Planned ISS Missions,
Commercial Capabilities, International Partners,
and Residual Capabilities of the Service Module
Command Module:
• Mold Line: Apollo-Derived Capsule
• Crew: 6 for ISS & Mars, 4 for Moon
• Size: 16.4 ft (5 Meter) Diameter
• Docking Mechanism: APAS or LIDS
Service Module:
• Propulsion: Industry Propose Best Solution
• Some Capability for Delivering Unpressurized Cargo
Ongoing Analysis:
• Impact of Reducing Volume
• Trading Functionality between Command and
Service Module
• Eventual Migration to Non-Toxic Propellants
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Near-Term: ISS Support
Long-Term: Human Moon & Mars Exploration Support
Reduces Risk for Lunar Program:
• Addressing Critical Systems Sooner
• Eliminates a Top ESAS Identiﬁed Risk (SSME airstart)
and Addresses Another Earlier (J-2 development)
Fewer Launch Vehicle Development Steps to Lunar Missions:
• Single Upperstage Engine Development (J-2X)
• More robust upperstage engine cycle for altitude
start / capable of restart - proven in Saturn.
• Single Solid Rocket Booster Development (RSRM)
• Single Core Engine Development (SSME)

Designing Launch
Vehicles for the
Long-Haul

More ‘Balanced’ Engine Production Rate
Requirement Between J-2X and SSME:
Crew Launch Vehicle:
• Single 5 segment RSRB/M 1st stage
• Upper stage powered by a single engine derived from the Saturn J-2
Cargo Launch Vehicle:
• Twin 5 segment RSRB/M 1st stage (from CLV)
• Core stage derived from the External Tank
• Powered by 5 RS-68s
• CLV-derived avionics
Earth Departure Stage:
• Upper stage derived from the External Tank
• Powered by a single J-2 derived engine 2 burn capability
• CLV-derived main propulsion systems and avionics

We have only been to 6 unique sites and there are lots more left to go;
here are just a few examples:
• the poles may have trapped cometary material
(including maybe water ice) in shadowed craters

Where Will We Go
When We Return?

• the far side has the largest impact crater in the solar
system - a 12 km deep hole called the Aitken Basin
• the far side has never been explored by
humans (it is far away from the Imbrium basin)
Apollo was risk-adverse, so any:
• high places (mountains)
• low places (craters)
have been left unexplored
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Lots of countries are planning lunar missions - some
have already succeeded (SMART) and some are
being done as multinational partnerships
Provide early information for human missions to the Moon:
• Evolvable to later human systems
• Most unknowns are associated with the North and
South Poles – likely destinations for a lunar outpost
• Make exploration more capable and sustainable

International Efforts

• Key requirements involve establishment of

-

Terrain and surface properties
Knowledge of polar regions
Support infrastructure

Lunar Reconnaissance Orbiter (LRO):
• Provides major scientiﬁc and
exploration beneﬁt by 2009
• Selected instruments complement
other foreign efforts
• LRO launch planned for
October 2008; one-year mission
• RLEP 2
We don’t know yet what exactly we are going to do on the Moon and
in what order. We are developing a strategy and are working with

Studying What We Will
Do On The Surface:
Understanding the
Design Requirements
for Surface Landers
and Equipment

other countries, academia and commercial industry to do just that.
This strategy may include landers, habitats, habitats that connect to
landers, pressurized long-range rovers, new science equipment, or
lots of other interesting ideas:
• Regaining and extending operational experience
in a hostile planetary environment
• Developing capabilities needed for
opening the space frontier
• Preparing for human exploration of Mars
• Science operations and discovery
• Enabling national, commercial and scientiﬁc
goals for the development and use of the Moon

Building the Future Will Involve More Then Just Exploring the Lunar
Surface:
• Human Research

Conclusion

• Technology Development
Why Do We Explore Space? To Beneﬁt Mankind Through:
• Discovery
• Invention
• Expansion of Our Horizons
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• Inspiration
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Jean-Jacques Tortora:

“Interoperability and Space Exploration:
Space Agency Perspectives”

Interoperability in
Space:
Interoperability Is
Something Natural
In Space

Government programs:
• ISS/Manned Flights
• Earth Observation: Meteorology
• Science
• GPS/Galileo
Commercial Market:
• Standard Telecommunications Equipments
• Range and in-orbit operations
• Launch operators backup agreements
Hardware, interfaces:
• Still early as no architecture has been discussed
Software:
• Critical Path

Where Should it Apply?

Data Structure and Processing:
• Need for an open framework based on
heteronomy, partnership and networking
Procedures and Methodology:
• Potential cultural issues
Field of application of Instruments:
• i.e. Moon vs. Mars
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Different Levels of Interoperability:
What is the need (or ambition) for Exploration?
Exch.
Processed
Data

Orfeo (Pleiades/Cosmoskymed)

Complementary
Missions
Data Compatability
Exchange of Services
Exchange of Instruments
Standard Products
Joint Missions

A-Train

GPS/Galieleo

DSN, Ground Stations

Meteorology
T/C Equipment, SSTL Microsats
Cassini-Huygens

Can a large endeavor, requiring many technical exchanges
be carried out successfully on a day-to-day basis?

Interoperability vs.
Cooperation

Should interoperability be a turnaround strategy to avoid
dealing with the difﬁculty of joint collaboration?
Strong programmatic coordination is the paradigm:
• If we succeed in organizing it, interoperability will be a natural
objective
• If we don’t, it will be a necessity
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