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SPACE AND RESPONSIVE SYSTEMS
EXECUTIVE SUMMARY

Introduction
In our increasingly fast-paced and complex world, our security is dependent on
being able to cope with and respond to a rapidly changing environment. From
engaging in asymmetric warfare to monitoring of natural disasters, the ability
to respond to unpredicted situations is paramount. Space infrastructure continues to be invaluable for assessing situations on the Earth, but the flexibility
of what we have achieved in space is limited. The potential benefits of a more
responsive space infrastructure are immeasurable.

Responsive Space

A “responsive space” community has come together in recent years
to identify our current limitations with respect to responsiveness
in space and how to improve them. There is a general lack of consensus about what responsiveness is and how it can be achieved.
This a led to some confusion around the concept of responsive
space. However, approaching responsive space in a context that
addresses the needs of potential users of responsive systems can
help clarify this confusion and enable a more fruitful cooperation.

“ Space capability focused on timely satisfaction of the user’s needs.”

On-Demand Launch for Europe

From the results of our user needs analysis, the area of high
resolution remote sensing information for the Joint Force
Commander user group was picked as a case study to illustrate the
challenges involved with realizing responsive space. Based on the
requirements that remote sensing data from optical and SAR satellites must be provided within a few days of identifying a new need, an
on-demand launch system architecture was proposed as a project for
Europe.
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Users
Commercial

Military (JFC)

Research & Development

Service Integrity

Companies providing space services or operating space assets crucial
to its operations.

The Joint Force Commander (JFC) has
responsive space needs which range
from tactical to strategic, and it needs
to maintain space assets crucial for its
operations.

The implementation of space solutions, including the satellites used
within such solutions, are expensive
investments. Responsive space may
be able to provide affordable means
for technology demonstration and
testing emerging markets.

Availability of consistent service is a
critical aspect of the service-provider
business to maintain customer loyalty and satisfaction. Responsive space
can help provide redundancy and
replace damaged space assets.

Disaster Management
Organizations
Any organization which responds
to disasters, . They need actionable
information as soon as a disaster
strikes.

Humanitarian NGO
Similar to the disaster management
user group, but their objectives have
longer lasting needs including architecture development.
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Needs

Publicly Regulated
Services
Police forces, fire brigades, and coastguards have needs such as wide-scale
monitoring and local high-resolution imagery to monitor and to understand the situation on hand.

Media

Scientific Community

The news and entertainment industry is a unique user which deserved further segmentation from
the commercial user group

Responsive space can be used to
monitor sudden short-lived space
phenomena such as gamma-ray
bursts or to test new technologies
in space.

Ressources
Optimization
Optimization and reduction in operational costs are always a concern
for service providers. It is desirable to
optimize the orbit of a satellite or a
constellation of satellites.

Capacity Increase
Service providers must try to address
changes in customer demand, and
when there is a shortage in capacity,
responsive space can be used to fill the
gap. Depending on the need, either a
capacity surge or a more permanent
solution is desirable.

Remote Sensing

Communication

Aerial views for cartographic and land
surveying purposes are more cost effective using remote sensing satellites.
Three specific products are wide scale
imaging, high resolution imaging,
and tracking.

Space can enable communication
to remote locations such as high
in the Himalayan Mountains. It can
also help coordinate the activities
between disparate groups of entities
participating in disaster mitigation.
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Functional Flow
Telecommunication >>>

The functional flow block diagram (FFBD) illustrates the
process decomposition of completing a task into its functions
in a chronological order. At the
highest level, the FFBD begins
with the identification of the
user’s need and ends with the
delivery of the solution.
Remote Sensing >>>

Up to Deploying a Satellite >>>
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The high-level FFBDs for remote sensing and telecommunications are presented here.
The functions for these space
applications can be grouped in
terms of space and terrestrial
segments to show where new
space architectures fit within
the entire process.

Responsive Techniques
Re-Orient
To either physically re-orient a satellite using
its attitde control system or to do so digitally
with phased array. This can enable new operation modes for the satellite.

Orbital
Deployement
To change the orbit
of a satellite (such
as deploying using
spare satellites within a constellation) or
to deploy nano-satellites from a larger
mother satellite.

Satellite
Modification
To swap out components physically such as
through on-orbit servicing or to reprogram entire satellites .

On-Demand
Launch
To deploy hardware
rapidly into space.
The main challenges are to maintain satellites and
launchers at “flight
ready” status on the
ground.

Overdrive
To improve the satellites performance
at the expense of increasing power consumption and decreasing operational
time.
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Small Satellite Constellation
Combining the applicable responsive techniques with
the requirements set by the primary user, three possible responsive system architectures emerged.
One of these is based
around a constellation
of five small satellites
(under 500 kg) which
are equally positioned
in a 300 km SSO.
To achieve global coverage with this constellation, each of the
satellites is equipped
with the ability to
slew at least 10° offnadir.

A laser based inter-satellite link with the geostationary relay satellites ensure the delivery of data to any point on Earth without any ITU implications or
the need to establish a vast network of ground stations to ensure timely transmission of data.
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Large Satellite
The second architecture to
emerge from the analysis
is based on a single large
satellite weighing more
than 500 kg in a sun synchronous orbit at 300km
altitude.
Achieving global coverage
with this single satellite requires a slewing capability of at least 40°.
All the communication
networks are the same as
for the small satellite constellation architecture.

The single large satellite has the ability to satisfy only one customer at a time and
the quality of the images decrease for large slew angles. However, the size of the
satellite introduces the possibility of additional services through a variety of
payloads and an increased lifetime due to more fuel capacity.
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System Architecture
A European Implementation of
On-Demand Launch
The architecture Celeritas (Latin word for “swiftness”) is aimed to provide a responsive optical and radar imaging to the end user following an eight step process. The Process describes:
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Demand received from a user:
#1 - The procedures taken to launch the satellite.
#2 - Deployment of the satellite at the correct orbit.
#3 - Target and image acquisition.
#4 - Processing and transmission of data. Timely delivery of the end product to the costumer
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Supply Chain
When the service is requested, the production scheme goes into play. All contracted companies associated with the major components of prelaunch phase
are called into service. The proposed plan will take us from England to France
and finally ending in French Guiane.

Supply Chain Management Scheme

RAPID S.A.S.
Responsive
high-resolution
images

SSTL
2 types of bus
Optical Payload
Subcontract subsystems
Transport to Heathrow Airport

Astrium

Surrey Satellite Technology Ltd (SSTL), based in
Surrey, UK, manufactures an optical payload and
two different buses which could satisfy the needs
of the system.

Flight from heathrow to Toulouse
SAR Payload
Subsystems temporary storage
2 Satellites lines integration
Satellites storing

EADS Astrium manufactures an appropriate SAR
payload, and could also integrate and store the satellites.

Air France Cargo

The complete satellites would then be packaged
and flown from Toulouse to the Vega launch pad at
Kourou in French Guiane.

Transport Service
To Kourou
(French Guiane)

Arianespace
Responsive launch
Service Provider
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RAPID S.A.S. is the name of a hypothetical company
to illustrate the managerial framework that could
implement Celeritas.

The satellites would be launched on the Vega rocket. Kourou would need to have three Vega rockets
in storage – one on a “Ready to Fly” mode and the
remaining two rockets available in standby.
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Costs
Using parametric costing methods, the average cost of launching a responsive space satellite was estimated to be €32 Million and the total
cost €1.6 Billion.
This assumes the production
of 50 satellites with dedicated launches over the course
of 4 years; this includes the
cost of the launchers and
new infrastructure. The new
infrastructure was estimated
to be on the order of €100M
and represents a significant
portion of the total costs.

An optical remote sensing satellite and a SAR satellite cost around €16M
and €20.5M, respectively.
However, the on-demand launch
architecture can benefit from
economies of scale. For 50 satellites, the average cost of production drops to roughly €8M and
€11M per optical and SAR satellite, respectively.
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Policy & Law
European Autonomy in
Space
The establishment of a European responsive space capability is paramount
to nurturing and maintaining European autonomy in Space. The ability
to rapidly respond to urgent military,
civilian, and emergency requirements
will enable Europe to execute its foreign, defense and space policies within Europe and among the international
community at large.

Space Law Implications
The implementation of a responsive
space capability creates a serious
challenge for current space laws and
regulations such as: the registration and liability convention, ITU
frequency regulations and export
control regulations. The rapid nature of responsive space, necessitates quick registration and fast technology development and integration
and more flexible export controls of
space and dual-use technologies.

Space Debris
Security
A responsive space capability will bolster and enhance Europe’s security
posture by ensuring that its military,
civilian, and commercial space assets
are protected from intentional, accidental and natural destructions. The
ability to swiftly and decisively respond to any global threat, natural
or man-made, will increase a nation’s
overall security.

It is envisioned that responsive space
systems will be developed for quick,
temporary space operations. It is also
thought that responsive space will
exacerbate the space debris problem
and it will create additional problems
for potential space traffic management regimes. It is recommended
that special provisions regarding
space debris and responsive space
be developed within existing space
debris management policies.
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Conclusion
Responsive Space Concept

International Telecommuncation Union

Responsive space is a new concept that has yet to be defined in universal terms.
The US military’s ORS office has a very concise and effective system for military
needs, but a system which takes into consideration all needs is necessary to foster more effective cooperation.

Applying for frequency allocations with the ITU is a potential showstopper
for Celeritas because it must launch in two days. This drawn-out process was
avoided in the Celeritas architecture by routing data traffic through an in-space
telecommunications network, EDRS. However a special frequency allocation
should be created to promote development of responsive space.

“The lack of a clear, universal definition of responsive space and
what it requires is an issue that needs to be addressed.”

Celeritas
There is motivation for Europe to get involved in responsive space, to
strengthen and maintain its security and to ensure its autonomy in international
affairs. Should the EU decide to pursue a dual-use, on-demand launch service for
Europe, the Celeritas case study in this report illustrates the potential of such a
system and the challenges involved.

“The establishment of an EU responsive space capability is very
much in-line with the current stated functions of the European
Defense Agency.”

Fast Launch
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“Because responsive satellites are launched on-demand, it would
be impossible to apply for the appropriate frequencies.”

Economies of Scale
The cost benefit of mass producing a series of the same satellites is significant
and can drop the average cost of a €16M satellite to €8M by producing 50 in
four years. This is essential to affordably maintain the supply chain necessary for
on-demand launch service.

“By applying economies of scale to small satellite production, the
average cost of the satellites fall dramatically.”

International Traffic in Arms Regulations

The ESA Vega launcher, with changes to its prescribed pre-launch operations,
can be made to launch satellites within two days of identifying the need to do so.

ITAR potentially prevents the development of optimal combinations of technologies. More international collaboration,especially between Europe and the US
would enable a much more potent system.

“Horizontal integration is vital to achieve responsive launch.”

“Applying for ITAR licenses eliminates the possibility to maintain
the supply chain needed for on-demand launch.”
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