mission statement

This executive summary and the associated report are the results of the Team Project carried out at the
International Space University’s Master of Space Studies program 2002/2003. The team consisted of 23
students from 12 countries.
As a background to this report a literature survey of existing and future navigation systems was performed.
The report is based on the assumption that a UN body (UNCOPUOS), in order to accommodate the need for
regulations covering future space traffic, has set up advisory groups to provide recommendations for future
actions. One such group shall be called the Space Navigation Advisory Group (SNAG), which is composed of
the ISU MSS student team. SNAG’s task is to identify key issues related to the future of space navigation,
propose certification requirements that may be used to standardize navigation systems world-wide, and offer
recommendations for achieving such standardization.

“ The mission of our Space Navigation Advisory Group
p (SNAG) is to identify and
describe, in a systematic and interdisciplinary manner, navigation systems for
future sub-orbital and orbital vehicles.
Through the work SNAG will propose certification requirements and give
recommendations on the implementation of an integrated future navigation
system.”
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INTRODUCTION

the important thing is not
Space flight is expanding and developing character traits similar to today’s aviation
industry. In the coming years humanity will witness an increase in commercial and civil
activity above Earth’s atmosphere. This increase will make trips to the blackness of space
as commonplace in the 21st century as journeys on transatlantic steamboats were in the
1900s, and soon it may be as accessible as intercontinental flights were in the 20th century.
There is no doubt that space will soon be open for business to the common man.
The New Space Business
There are many existing plans to
capitalize on the resource of space. A full
generation of visionaries and futurists
has dreamt of business ventures with
near- and long-term goals. Some of the
more promising ventures planned for
Low Earth Orbit (LEO) are in the fields of
private research, space manufacturing,
space tourism and point-to-point
transport. Perhaps the most promising
and most talked about future industry in

space is the business of space tourism.
Most of these mission concepts, such as
the LEO hotel business model, require
much technological innovation before
they will be feasible. There are near-term
plans to use short sub-orbital flights for
space tourism. Sub-orbital tourism is
credible and making progress towards
implementation. Market studies have
shown that these plans can be profitable
given today’s tourism market.

Historical Significance
With respect to the demand for regularly scheduled space flights, present times are
analogous to the beginning of civil aviation in the early 1900s when the airline industry
was first born to provide an exciting new mode of transport. Just as the aviation industry
realized the need for regulations, the space industry is gaining awareness of the need to
develop a framework within which standards for space transport can be developed.
Regarding international space law, the United Nations Committee for Peaceful Uses of
Outer Space (UNCOPUOS) is charged with providing international recommendations and
guidelines for peaceful uses of space on a global scale. Although commercial activity has
not yet been addressed, it is expected that this body may create an initiative to provide
an international set of regulations for the use of future space vehicles, thus increasing the
potential use of such vehicles on a commercial basis.
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to stop questioning

(Albert Einstein)

Space Navigation Advisory Group
This report is written under the assumption that
UNCOPUOS, in anticipation of the need for future
regulations covering space traffic, has set up
advisory groups to provide recommendations for
actions to be taken on this issue.

One such group is the Space Navigation Advisory
Group (SNAG) whose task it is to identify and
describe, in a systematic and interdisciplinary
manner the future navigation systems for orbital
and sub-orbital vehicles.

SNAG’s work is to provide:
•
•
•

recommendations for future navigation systems based on a detailed assessment of enabling
technology, engineering, and the potential markets for vehicles utilizing such systems
proposed certification requirements for future navigation system as well as recommendations to the
potential regulatory body in charge of the certification process
assessments of the business impact that certification will have on space transportation

In carrying out this work SNAG recognizes that addressing the navigation needs of future space vehicles is a
complicated process. Assumptions must be made regarding the level of service being provided by networks of
local and global navigation systems. It is considered that an important and growing segment of end users in
the future will be the operators of orbital and sub-orbital vehicles.

This Executive Summary
This booklet is a summary of SNAG’s report. Its purpose is to highlight all the major issues and
topics in today’s world of space navigation. The summary is organized in five sections, each one
asking a series of questions according to the general themes: Who, What, How, When and Why.
For information related to the contents of this Executive Summary, refer to the in-depth report
issued by SNAG, entitled “Navigation Systems for Future Space Vehicles – Requirements and
Recommendations”. The full report explores all issues related to space navigation systems and the
setting up of a global space navigation organization.
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WHAT?

pioneering the fut
When the Wright Brothers began flying in 1903, they could not have imagined the degree
to which aircraft would affect the lives of people around the globe in the following 50
years. With the advent of regularly scheduled space travel by the year 1969, it has
come to be expected that space travel will someday become an activity for all people.
However, in the year 2003, space flights are performed rarely, which is largely due to
immense levels of risk and cost associated with such flights. The development of a robust
navigation system to be flown onboard future orbital and sub-orbital vehicles can – over
time – decrease both the risk and cost of such vehicles, thus enabling many more and
safer missions to space.

What are the requirements for navigation
hardware onboard space vehicles?

What navigation systems are currently
used onboard space vehicles?

A future navigation system for space
vehicles must endure a variety of harsh
environments not typical for terrestrial and
airborne applications. Due to launch cost
reasons, it should be packaged such that
the weight and volume are minimized.
In terms of safety, it should operate in a
manner which does not interfere with the
safe functioning of other vehicle systems.

Onboard inertial navigation, radar and
lidar systems provide the required
performance for space vehicle navigation,
with GNSS in many cases providing
redundancy to these systems. Currently
no spacecraft uses GNSS as the sole
navigation system, although experiments
show the capability of GNSS to operate
as the primary navigation tool.

What navigation systems, external to the space vehicle, support vehicle navigation?
Today there are numerous systems providing navigation information for spacecraft,
ranging from GNSS to legacy ground based systems and TDRS. No single system is able
to provide the required navigation performance during all phases of flight. With the advent
of Galileo, coupled with the development of space based augmentation systems ensuring
enhanced availability, accuracy and integrity, this goal is closer to being reached. Future
system interoperability, driven by performance benefits will meet the needs of end users
providing a seamless navigation system covering all phases of flight.
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The certification of onboard navigation systems
for future orbital and sub-orbital vehicles has
two components - one based on performance,
and the second based on safety. Verification of
the performance of such complex systems can
be regarded as technical certification, which can
lead to the development of a set of standards

that ensure safe functionality. Standards such
as these can form the basis of licensing criteria
set by regulatory agencies whose responsibility
it is to ensure public safety. The second type of
certification is issued by these agencies on the
basis of compliance with regulations.

What is the financial impact of the certification process?
The series of tests conducted in order to certify the performance and operability of a system result in added
costs to navigation system manufacturers. These costs are primarily related to the extensive amount of time
spent on testing and documentation. However, such processes are necessary for establishing standards that
may be useful for guiding future development of complex navigation systems. Wide-spread standardization can
lead to increased marketability and, therefore, increased market size.

What is Required Navigation Performance (RNP)?
RNP is a concept defined and accepted by the International Civil Aviation Organization (ICAO) that
encompasses the capabilities of both an aircraft navigation system and the national airspace system
infrastructure. Therefore, RNP types are defined to ensure standardized levels of access. The RNP concept
is extended to area navigation (RNAV) methods for which there have been a total of 13 implemented and
proposed types. The standards for RNP are established through RTCA, EUROCAE, FAA, Eurocontrol, and
ICAO collaboration. In the future, the concept of RNP should be extended to orbital and sub-orbital flight
operations conducted in terrestrial airspace. And, perhaps, an analogous concept for orbital maneuvers
should be established; “Space Navigation Performance (SNP)” types could be standardized for all
proximity operations, including collision avoidance.
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WHY?

As space missions become more common, international cooperation becomes unavoidable.
SNAG proposes that the best method for encouraging and simplifying cooperation with
respect to the development of more robust navigation systems for future vehicles is
to set standards for all parties to follow. In order to encourage innovation, standards
should be set on the basis of system performance, rather than design. Furthermore,
the development of standards should be based on contributions coming from the
organizations and agencies of any interested space faring nation. It is hoped that
standards created in the near future, as a result of voluntary cooperation, can become
the basis for any regulations that may one day be produced by an international space
navigation organization.

Why use standardization?
Standards make an enormous contribution to many aspects of our daily lives but it is
only when there is an absence of standards that their importance becomes evident.
An example of this is the difference between European and North American electrical
standards, where voltage converters and plug adaptors are needed in order to enable
compatibility. But standards are not only used to ensure electrical and mechanical
compatibility, but also to help guarantee that certain levels of quality, safety, reliability and
efficiency are met.

Why start using standardization now?
In the coming years space transportation
is going to become more common with
the advent of private vehicles. Standards
should be introduced as early as possible
in order to prevent a multitude of
incompatible systems from developing.
To more clearly illuminate problems
resulting from a lack of standardization,
consider the inconsistent designs of
docking systems and ports onboard the
ISS. This impacts Station accessibility
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by all transportation vehicles, including
the U.S. Shuttle, Russian Soyuz, and
European ATV. At present, docking is
only possible at the Russian module
with the exception of the Shuttle which
docks at U.S. modules. Apart from all
other complexities inherent to space
navigation, this issue unnecessarily
complicates the operations of all space
vehicles and places great demands on
navigation system performance.

g mission success
Why should international regulations be created
to govern space navigation?

Why look at the early aviation era?
The current situation is not that much different
from the early days of aviation. The beginning
of that era was dominated by a few pioneers
motivated by the urge to go beyond what then
existed or driven by one of the many competitions
that were set up to promote the new industry.
Already in 1910, less than 10 years after the first
flight of the Wright brothers, the first international
conference on air law was held in Paris where a
number of principles for aviation were laid down
by the 18 attending European countries. Just as
the pioneers of aviation understood the need
for regulations, it is now the time to set up the
regulatory framework for the developing space
transportation business. The requirements for
orbital and sub-orbital flights differ from normal
aviation and therefore the current regulations
guiding aviation are not directly applicable to these
vehicles; thus a new initiative is required.

Low earth orbit is not divided into national
territories; instead it is shared equally by all
space-faring nations. Initiatives have already
been made to provide a regulatory regime on
national levels in USA and Canada. However
space transportation is inherently international,
and a global regulatory framework needs to be
established. This has become even more evident
since many major space missions are based on
international cooperation, and so international
regulations must be devised to satisfy all parties.
These regulations could be based on the work
already being done by national organizations
or could be developed as the result of an
international organization.

Why are the requirements set as they are?

Why not?

The requirements proposed by SNAG have
been developed by studying the different
phases of flight, namely prelaunch, launch,
ascent, suborbital, orbital, de-orbit, approach
and landing. For each phase different
requirements have to be developed. These
are often based on existing standards and
specifications based on conventional aircraft
operations in the terrestrial environment, as
well as legacy spacecraft operations in the
space environment.

One could argue that there is no need for standardizing
space navigation systems. For instance, the requirements
for formation flying missions differ heavily from mission
to mission making it difficult to set up standards in the
form of specific requirements. However, maneuvers
in other phases of flight are not so mission specific,
and regulations will definitely be required in the future
in order to ensure mission success. This will hold
particularly true when sub-orbital flights become an
everyday means of transportation.
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provid
Due to the nature of missions flown by orbital and sub-orbital
vehicles, future onboard navigation systems should use GNSS
technology in combination with other systems. Anticipating future markets
SNAG asserts the significance of developing mandatory requirements for all
integrated onboard navigation systems. When technical performance requirements for such
systems are thoroughly defined and verified, it is possible to define a set of standardized
safety-based criteria useful for issuing certifications. Global acceptance of certified systems
can allow market manufacturers to reach world-wide users.
How has the technology for navigation
systems evolved?
Initially, the need for accurate and
precise aircraft operations during WWII
led to the development of numerous
ground-based radio navigation aids.
Over time, the high cost of maintaining
the infrastructure for such aids
combined with advances in space
technology led to the development of
a global navigation system concept,
which is the basis for GPS, GLONASS
and the Galileo systems. Today, any
application, or user, that depends
on global service has incorporated
GPS receivers into their system.

However, these receivers alone do
not provide the necessary level of
accuracy, availability and integrity for
some applications. As a result, GNSS
augmentation systems are being
developed and implemented worldwide. In addition, attitude and orbit
determination systems are increasingly
being integrated with GNSS receiver
systems. In the future, integrated onboard navigation systems will become
standardized equipment on orbital and
sub-orbital vehicles.

How is the market affected by certification?
Certification can lead to increased development costs for any particular technology.
Time spent verifying performance requirements in order to comply with standardized
safety criteria can increase time-to-market, potentially delaying return on investment.
However, as has been the case for INMARSAT which provides the enabling technology and
infrastructure for Space Based Augmentation Systems (SBAS), certification can lead to
global acceptance of niche technologies, increasing the overall market size.
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ding solutions
How might existing legal and regulatory bodies
contribute to the future development of standards
and certification criteria?
UNCOPUOS may formally recommend the
establishment of an ICAO-like organization
specifically for the purpose of coordinating
regularly scheduled space flight traffic including
both orbital and sub-orbital missions, and the
vehicles that perform them. In the absence of
such a recommendation, the Outer Space Treaty
of 1967 is open to interpretation regarding suborbital flight. However, all commercial space
activity should be in compliance with the Treaty
via nationally established regulations. Such

How can more robust navigation
systems be implemented onboard
future space vehicles?
There is currently a requirement for
more integrated, robust navigation
systems to cover all phases of flight
for any space vehicle. Currently
numerous systems, from ground
based radio navigation aids to
onboard lidar and radar, are required
during the different phases of flight
from launch to landing. The use of
GNSS with certified interfaces to
onboard systems will provide a more
robust and seamless navigation
system for future space vehicles.

regulations are often established by States’ Civil
Aviation Authorities (CAAs), such as the FAA in
the U.S. Furthermore, if the competency of ICAO
may be extended to operations of sub-orbital
vehicles because all contributing states agree
to recognize such vehicles as “international civil
aircraft”, then CAAs will naturally be responsible
for imposing standards and certification criteria.
In all cases, however, clear legal definitions of the
terms “orbital” versus “sub-orbital” and “aerospace
object” have yet to be established.

How are navigation systems certified?
Currently, as technical performance requirements for the
navigation systems of specific space vehicles are verified,
the end user internally certifies a given system for their
own use. This is in contrast to the manner in which aircraft
navigation systems are certified according to formal,
standardized criteria set by regulatory agencies that seek
to ensure safety. Although the U.S. has already established
regulations for issuing standardized certifications to
commercial launch vehicle operations, reusable orbital
and sub-orbital vehicles are not specifically treated. In
the future, as civil and commercial space vehicles emerge
for increasingly common use, there will become a need
to develop standardized certification criteria for utilizing
integrated on-board navigation systems.
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Navigation system manufacturers, users and regulatory agencies are looking to the future
development of the space transportation sector. Opportunities for business in the space
transportation arena are developing rapidly as technology matures. To ensure that this
unique resource is developed for the long term, business and government must work
together.
Building for the future must start now and by analyzing the current market players along
with future applications, SNAG may provide recommendations to ensure the prosperous
and safe development of the space transportation sector.

Who will be the main players on the
space transportation arena?
Extrapolating from the present into
the future, the most significant
market segment for users of onboard
space vehicle navigation systems
will be determined by various
space agency programs and private
spacecraft developers. Many private
organisations are competing for the
$10 Million X Prize for sub-orbital flight.
Manufacturers currently contracted to
develop navigation systems customized

to individual vehicle needs will likely
emerge as the primary industrial
experts. Assuming that an integrated,
robust navigation system can be
developed and verified for operation
on any future vehicle, either in orbital
or sub-orbital flight, standardized
certification criteria may be established,
in which case all relevant State and
international regulatory agencies will
also be involved.

Who are the X Prize contenders?
A total of 24 private industry teams have formed in 7 countries around the world to
develop reusable sub-orbital vehicles capable of carrying 3 passengers up to an altitude
of 100 km, return safely, and repeat the flight within a 14 day period. The technology
developed by the X Prize teams will become the foundation of tomorrow’s private space
tourism market, reducing launch costs and increasing launch frequency. This increase in
space traffic will drive the need for standardized navigation components to ensure safety
of life and decrease costs.
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gether
Who can be affected by these systems?
Developing robust navigation technology for space travel can potentially impact the lives of many people.
As orbital and sub-orbital vehicles are introduced in the commercial marketplace for conducting regularly
scheduled flights, the need for efficient and bulk production of onboard navigation systems will increase. A
niche market at present, such systems will therefore create jobs and impact all customers for whom future
vehicles are developed – researchers, tourists, and explorers alike. Once these systems are certified as
commercial products they will assist in the rapid development and commisioning of new vehicles, reduce costs
and ensure safety. As GNSS has brought many benefits to today´s world so will the systems of the future open
new possibilities to governments and business.

Scaled Composites Files Application for SpaceShipOne Launch License
“...’This is a first for us - to be licensing a reusable launch vehicle.’...”

Aviation Now (July 3, 2003)

Who are the organizations regulating navigation
systems?
The navigation systems utilized onboard space
vehicles are currently not formally regulated by a
single agency. These systems have, to date, been
customized for the needs of specific vehicles;
therefore, any performance and operability
requirements set by the customer are verified
by the manufacturer. However, since ICAO came
into being, States’ civil aviation authorities (CAAs)
have formally certified aircraft navigation systems
as part of standard minimum equipment lists. As

GNSS technology matures, it is anticipated that
future navigation systems utilizing this technology
will become standard – ultimately compelling the
formulation of a currently non-existent standardsetting group focused on the needs of orbital and
sub-orbital vehicles. Non-profit advisory groups
to CAAs, such as RTCA and EUROCAE, will likely
extend their services in the future to support this
future space navigation regulatory body.
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WHEN?

tod
SNAG believes that we are at the dawn of a new era of space transportation where civilian
and governmental programs must co-exist. For this reason, we feel it is crucial to start
global standardization of space systems now. Once all companies and organizations follow
common guidelines, cooperation in the space industry shall become more efficient. Global
standardization will prepare the way for future space missions that would be difficult or
impossible without coordination and preparation today.
When was work started towards developing a standard space navigation system?
Although not yet in existence, a space navigation regulatory body may be created by
extension of the standardization organizations in the aviation industry. The success of
the International Civil Aviation Organization (ICAO) standardization has been an inspiring
model on which an international space navigation organization could be based. The work
that SNAG performs will be a precursor to the creation of this organization.

When will we have fully operational
capabilities to support?

When will the new technologies
become active?

A global system of standardization and
certification for space navigation would
be beneficial for the space industry of
today. Even with today’s low number of
spaceflights per year, there is already
much interaction and communication
required between spacecraft operators
around the world. A global navigation
system standard would help streamline
this interaction. As the next generation
of reusable space vehicles is developed,
there will be substantially more
space traffic compelling the need for
increased levels of global cooperation
and standarization.

Currently there is research being
performed around the world to produce
the next generation of launch vehicles.
These vehicles will revolutionize the
space industry by easing the ability to
place payload in orbit. It is thought
that these technologies will become
functional within the next two decades.
In the near future it is thought that
a wave of sub-orbital flights will
commence bringing tourists to the edge
of space. In the distant future new
materials and more efficient launching
methods will drastically reduce the
kilogram-to-orbit price.
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for tomorrow
When will civilian space travel commence?
Civilian space travel began when two wealthy tourists paid for visits to the International Space Station. In the
far future, civilian space flight will become regular after an orbital LEO hotel is set up. In the near future it is
expected that paid trips to space will become more common after the development of the numerous sub-orbital
vehicles vying for the X Prize.
When is the correct time for a global navigation
organization to be founded?
A global space navigation standardization
organization will inevitably be formed after
all space faring nations recognize that such a
service is needed. It is hoped that the formation
of such an organization will occur in a proactive
manner, so that the service is developed alongside
the emerging global need. The international
community, governments and businesses alike

will only recognize the need as the benefits of
international standardization and certification
outweigh the problems. The benefits of global
standardization will best be felt as more and more
multinational space missions occur. At this time
global standards will be used since international
partners will be forced to comply with each other’s
navigation requirements.

When will integrated navigation system regulations be enforced?
It is expected that the international space industry will require a global space navigation standardization
organization before the year 2030. The new regulations enforced by the international organization will have to
be introduced slowly over the initial stages of planning and the set-up for such an international organization
should begin within the next decade.

When will services for certification and regulation be available to the global users?
After the skeleton of an international organization has been formed, it is expected that the standardization
services will be introduced in a slow manner over a period of time. Global regulatory bodies often
implement their regulations in an incremental approach, with new statutes being introduced most likely
on a yearly schedule. Once the organization is recognized by the participating launching states, it will be
possible to enforce the standardization regulations.

Navigation Systems for Future Space Vehicles

15

CONCLUSIONS

the
At present, the space industry is stagnant with a flat commercial launch market for the
next number of years. Commercial market applications for conventional non-reusable
launch vehicles, such as broadcast and telecommunications services, are saturated. SNAG
believes that future growth in the industry will come from commercial exploitation of new
generations of reusable space vehicles capable of carrying science, servicing, or human
payloads into orbital and sub-orbital flight trajectories. Such vehicles must be equipped
with integrated navigation systems relying in part on the utilization of GNSS receivers. The
reliability, accuracy and precision of such receivers are dependent upon navigation system
infrastructure, which is external to the vehicle.
In order to isolate and identify the requirements for future on-board navigation systems,
SNAG assumes that GPS, GLONASS and Galileo will be fully operational (along with all
ground- and space-based GNSS augmentation systems) by the time a market for orbital
and sub-orbital flight activities develops; therefore, availability, integrity and continuity are
assumed.
What has been done?
SNAG proposes that future on-board
navigation systems be integrated in
the sense that they must seamlessly
incorporate data from many types of
onboard equipment, such as GNSS
receivers, star sensors, radar, lidar,
lasers, and/or conventional groundbased radio navigation aids. The
degree to which data from each of
these systems is utilized depends on
the mission. In this sense, navigation
systems onboard future sub-orbital
vehicles may not have the same
requirements as systems to be
implemented on orbital vehicles.
However, the more robust the system
is, the more marketable it can become.
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Technical requirements that must be
satisfied to ensure mission success are
identified for each phase of flight, and
are based both on system operability
and performance. At present, GNSS
technology, alone, has not been
verified sufficiently to meet these
requirements during the orbital phase,
which include proximity operations
such as docking and rendezvous. The
use of infrastructure intensive, ground
based navigation aids will continue until
GNSS and its associated systems can
be certified into an overall navigation
system.

future starts now
What can be done next?
The formulation of an international working group
with industrial participation can serve to verify
and expand technical specifications regarding
performance and operability requirements set
forth in this report. In this manner the technology
for developing integrated on-board navigation
systems can be standardized for the global space
market as early as possible. It is critical that
performance based requirements are used to
derive such standards in order to ensure maximum
design flexibility in the commercial marketplace.
It may be too early in the development of

the technology for a new regulatory body to
be formed. This conclusion is drawn from an
analysis and assessment of existing international
standardization organizations and regulatory
agencies in the context of existing legal text
covering space and aircraft operations. Individual
nations with the procedures already in place
to support such certification efforts, as well as
the demand to carry out such procedures, are
best placed to begin defining standards. Overregulation too early in the development of any new
technology can stifle industrial innovation.

Suborbital Legislation Moves in Congress
“...’Fully one quarter of this proposed [Commercial Space Transportation Act of 2003]
legislation deals with suborbital industry issues. They and their colleagues are to be
commended for being proactive and forward looking.’...”

spacedaily.com (July 8, 2003)

What’s wrong with allowing the leading space faring nations to define the standards which can
become the norm for everyone?
Perhaps nothing – the benefits associated with this scenario are many:
• Resources used to define such standards are spent by the most interested nations.
• Given the way that aviation standards were developed, this is the most natural process for setting
standards on emerging transportation technologies
• Standards are set only as a compelling need for them arises.
• A level of international cooperation will be inherent.

Navigation Systems for Future Space Vehicles

17

This Executive Summary and associated
report were written by students in the 2003
Master of Space Studies program at the
International Space University. Published:
July 2003.
Artwork by Cristina de Negueruela.
Cover designed from images from Bristol
Aerospace (Ascender), ESA (Artistic View
of Galileo), NASA (The Blue Marble) and
Wright Brothers Aerospace Co. (1902 Glider
Launched).
Pictures courtesy of
Bristol Aerospace: page 12
Cristina de Negueruela: page 18
DoD: page 8
ESA: pages 3, 5, 7, 10, 11, 13, 14, 15, 17
NASA: page 9
NASDA: page 16
Wright Brothers Aerospace Co: page 6
Additional copies of the Report or the
Executive Summary for this project may
be ordered from the International Space
University:
International Space University
1 rue Jean-Dominique Cassini
67400 Illkirch-Graffenstaden
France
Tel: +33 (0)3 88 65 54 30
Fax: +33 (0)3 88 65 54 47
http://www.isunet.edu

18 Navigation Systems for Future Space Vehicles

