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EXECUTIVE SUMMARY
This report has been prepared in response to a contract issued to Lansdowne Technologies Inc.
by the Aerospace Review Secretariat of the Emerson Commission. It presents an assessment
of Canada’s Space Infrastructure with the objective of identifying a business case for the
Government of Canada to invest in the maintenance and development of a national space
infrastructure that could help support the competitiveness of the Canadian space industry in
taking advantage of global commercial opportunities and assist the Canadian space sector to
respond to strategic national priorities.
Lansdowne was specifically asked to:
1. identify the types of space infrastructure in use globally to support the space sector and list
the elements of Canada’s current space infrastructure;
2. explore Canada’s needs for additional space infrastructure to serve its medium and long
term priorities;
3. identify Canada’s particular global advantages for supporting space infrastructure including
our industrial base, technologies and geography;
4. describe the business case for investing in space infrastructure and provide a rough
approximation of the associated costs; and,
5. describe the various funding models used in other countries to support space infrastructure
and identify those models that might be applied in Canada.
Significant research and analysis of national and international current state, structure and future
requirements for space assets and supporting infrastructure has been undertaken over the last
5 years. This report has combined this third party research with the experience of the
Lansdowne team to derive the conclusions drawn herein
The economic and social benefits that derive from investment in the space sector have been
substantiated in numerous analyses and reports such as the Organization for Economic
Cooperation and Development’s (OECD) annual series of The Space Economy at a Glance1. As
a result, this report does not attempt to provide a fundamental economic, political or social
justification for investment in the space sector. Rather, it speaks to the specific Canadian need
for space infrastructure, Canada’s strengths and weaknesses in this sector and the resulting
priorities for investment.

What is Canada’s Space Infrastructure?
For the purposes of this report, Space Infrastructure has been defined to include the groundbased infrastructure necessary to support the design, development, manufacture, test, launch
and operations of space assets and space-based applications. This includes: Research and
Development (support to the design and development of space technologies); Integration & Test
(support to the testing and verification of mechanical, thermal, electrical and control systems for
space based assets); Canadian Industrial Capacity (the capacity, capability and facilities

1
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resident within the Canadian space industry); Launch facilities (support to payload launch and
launch vehicle integration); Training Systems and Facilities (support to the training of space
technology users or operators); Data Reception and Processing: (support to the receipt and
processing of satellite signals originating with space-based assets); and, Operations /
Command Systems (support to the command and control of space-based assets). This report
includes an inventory of this ground based infrastructure.

What Are The Associated Needs and Benefits?
In examining the needs for and opportunities afforded by the development of Canada’s space
infrastructure, consideration has been given to all of the key stakeholders in Canada’s space
program: the Canadian federal and provincial governments, Canadian industry and the
Canadian public.
The needs of key federal government departments who will employ the products provided by a
robust domestic space industry have been examined focusing on the six key departments which
have a direct investment in and responsibility for the operation of public assets within Canada’s
space infrastructure. These key departments have driven the industry to provide those products
and services needed to support the social and economic needs of Canada with its vast and
varied geography: communications, resource management, transportation, safety and security.
These needs will grow if Canada is to face the challenges associated with meeting this
government’s economic, northern and defence strategies and priorities.
Provincial, territorial and municipal governments have also been beneficiaries of Canada’s
space sector investments through regional distribution of economic benefits and access to
space based assets for resource management and emergency management planning and
response.
The Canadian space industry, with the support of government investment in space, has
produced jobs for highly skilled workers and strong export sales based upon intellectual
property and competitive world-class technologies. This success extends beyond the
manufacturers of space assets to include firms that commercially exploit the products and
services which these assets generate. The space industry will continue to need focused
government investment to maintain its competitive advantage.
Canadian universities and researchers have also contributed significantly to and benefited from
the success of Canada’s space program by identifying science priorities, by providing scientific
support and by designing, developing and operating science payloads. The result has been
world-class science related to atmospheric physics and chemistry and auroral phenomena – to
name just two disciplines – that contribute to the global understanding of our climate and
increase Canada’s intellectual capital.
The Canadian public has benefited directly and indirectly from Canada’s work in space both
socially – with our communications and earth observation assets – and economically with jobs
and increased economic activity. The Canadian Space Program has been a source of national
pride and has helped establish Canada’s position as a technologically sophisticated nation and
a valuable international partner. The Canadian public stands on the threshold of significant
social and economic change as a result of the changing northern climate and the opportunities –
and challenges – presented by this change. Canada’s Space Infrastructure will be a key
component to managing and exploiting that change.
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A key objective of investment in Canada’s space infrastructure should be to ensure that
Canada’s space industry has the tools to effectively deliver services to Canadians while
competing in international markets and exploiting the needs of our international partners by
leveraging the competitive advantages that result from our technological expertise, intellectual
capital, and geography.

What is the Environment for the Space Sector?
Canada was one of the first three countries to enter space and the first to design, construct,
launch, and operate a commercial domestic satellite communications system. In 1960, Canada
contributed space hardware to the U.S. navigation satellite Transit 2A, a precursor to the now
ubiquitous Global Positioning Satellites (GPS). By September of 1962, Canada had launched
Alouette 1 – Canada’s first domestically designed and built satellite and by November of 1972 it
had launched Anik A1, the first domestic commercial communications satellite in geostationary
orbit.
Since the launch of that first sounding rocket in 1958, Canada has continued to build the
infrastructure required to support a Canadian space industry. The 2011 OECD report on the
space economy indicates that in 2010, the Canadian space-related ground segment revenue
including applications and services was over $2.9B. However, the near term future of the space
sector – domestically and internationally - will be directly affected by the global economy.
Budget deficits in Canada and the US combined with the debt crisis in Europe will dictate
budget restrictions on spending in space for all of the traditional major space faring nations.
Only with investments made by major new players – such as China and India - with their
continuing economic growth and desire to become a major players in the space sector will
spending in the space sector increase.
On March 27th of 2012, Euroconsult a leading international research and analysis firm
specializing in the space sector - announced that global government budgets for space
programs have reached a plateau of roughly $70 billion, confirming a slowdown in expansion
experienced by the space industry for the last 10 years2.
According to Euroconsult, many space programs have received recent short-term boosts to
counter the economic crisis but they will now experience budget reductions in response to the
impacts of the global economic situation. New coherent long term space strategies are required
to leverage national investments in space, and will likely drive an increase in the level of, and
priority assigned to international cooperation in order to share risks and costs. This will be true
especially for the increasing number of ‘minor’ players expected to enter the space sector.
Euroconsult has identified that 53 countries invested $10 million or more in space applications
and technologies, compared to 42 in 2006 and 26 in 2001. An increasing number of nations see
space as a worthwhile government investment in order to advance their social, economic, and
technological development through applications such as telehealth, telemedicine and satellitebased internet services.
Further, it has identified that key application areas are seeing increased international funding
including space security (up 26% over 2010) and earth observation and meteorology (up 16%
2

“Profiles of Government Space Programs: Analysis of 60 Countries & Agencies”, Euroconsult 2012

A Report for the Review of Aerospace and Space Programs and Policies

III

The Development of Canada’s Space Infrastructure
Executive Summary

over 2010). Canada’s historic broad international cooperation in space, coupled with its strength
in these key sectors, can work to its advantage.
OECD forecasts that there will be more than 300 earth observation (EO) polar orbiting satellites
around the earth in the next decade, with a commensurate increase in the amount of EO data
generated. Coordinated and integrated Canadian ground infrastructure to receive, share,
integrate, catalogue and preserve space data will be needed.
Space activities are increasingly commercialized3 beyond the traditional applications of satellite
navigation systems, broadcast and satellite communications with an increasing reliance on the
commercial sector for applications such as EO and launches. The recent success of SpaceX in
the development and deployment of a commercial launch capability is an indication that sectors
of the space industry that have traditionally been viewed as the purview of government may be
the basis for new commercial ventures. Public private partnerships (P3) are increasingly viewed
as an alternative to having governments build, own and operate major infrastructure. While most
examples of P3 can be found in traditional infrastructure projects, this approach may
increasingly apply to space infrastructure. While experience with this approach in the space
sector is mixed, new frameworks for P3 implementation are being developed, in Canada and
abroad.
The Canadian space sector consists of over 200 organizations of various types including
companies, institutes, research organizations, government departments, research centres and
laboratories. These organizations employ over 8,200 including over 4,300 highly qualified
professionals and generate over $3.4B in annual revenues of which over 50% is generated
through exports.
While Canada has been successful in developing niches, the Canadian space industry is facing
increased competitive pressure with a growing demand for satellite data to support resource
management, safety and security, and new emerging commercial applications. The growing
competitiveness within key market segments and the opportunities afforded by growth in these
sectors need to be addressed in the strategic investment priorities made by both public and
private stakeholders within the Canadian space sector.

The Space Policy and Funding Environment
The coordination of Canadian government investments and priorities in space was governed by
the Interdepartmental Committee on Space (ICS) until the late 1980’s. A review in the 1980’s
determined that this approach was ineffective and the decision was taken to form a Canadian
Space Agency (CSA). The CSA was established by order-in-council in March 1989 and several
activities and programs were transferred to the CSA from other departments. However, a
number of space-related activities remained outside of the CSA, where they continue to reside.
As a result Canada’s Space Program - while a horizontal program with major program spending
in space coordinated through the CSA by a Long Term Space Plan (LTSP) - is not governed by
a comprehensive integrated national space policy or space plan. The result has been approval
of projects and acquisition of space-related infrastructure by a number of departments outside
3

Canada in Space: The Global Context 2010-2011 (presentation to CSA Executive Committee), Joan
Harvey and Rene St-Amant, Canadian Space Agency, March 7 2012
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the LTSP. Thus the LTSP has not defined, nor reflected, total Canadian government spending
on space.
Canada has successfully completed the objectives established in LTSP 2 which was developed
by the CSA and approved in June 1994. A Canadian Space Strategy was developed by the
CSA in 2003 as a follow on, designed to be a new framework to guide the CSA as the lead for
Canada’s Space Program. Its replacement – often referred to as LTSP 4 – is under
development, and overdue. As a result the future for Canada’s space sector is unclear.
The potential impact on the Canadian space industry of the current lack of a refreshed Space
Policy and Plan is reflected in the Futron 2011 Space Competitiveness Index4 which has
downgraded Canada’s position from 6th to 7th. The report states:
“Canada retains a skilled space workforce, and Canadian companies did well in 2010.
But delays in space policy refresh and implementation are offsetting these competitive
advantages.”
The A-base funding for the CSA has been set at approximately $300M for almost 10 years.
While 2011/2012 saw the CSA’s total budget peak at an all-time high of $424.6M as a result of
incremental funds provided under the Economic Action Plan and by Major Crown Projects, by
2013/2014 the CSA A-base budget will drop to an estimated $309.7M.
In 2000/015, the CSA spending was $351.5M, the CSA full time equivalent (FTE) count
(personnel) was 388 and almost 66% of its budget ($232.1M) was spent in industry and
academia6. By 2013/14 the CSA forecasts spending of $309.7M7, an FTE count of 687 and 39%
of its budget ($121.2M) will be spent in industry and academia. This effective budget reduction,
when coupled with the fixed spending commitments required to support its major programs and
its internal infrastructure, will leave the CSA with little or no flexibility to respond to the changing
needs of the space program and space industry.
If Canada intends to continue with an active and meaningful Space Program and respond to
changing national and international market requirements and opportunities, the available
funding for Space Infrastructure will have to increase.

The Canadian Space Industry
The Canadian Space Program and space industry have successfully focused their collective
efforts on several key sectors: satellite communications, earth observation and robotics
(including vision systems). While the Canadian space industry is composed of more than 200
organizations, the Canadian space industry strategy pursued by the Canadian government has
led to significant concentration in the industry with approximately 90% of space revenues in the
4

Futron’s 2011 Space Competitiveness Index, A Comparative Analysis of How Countries Invest in and
Benefit from Space Industry; Futron Corporation, 2011
5

Canadian Space Agency, 2000-2001 Estimates, Part III – Report on Plans and Priorities

6

This represents the total planned spending on Capital Projects and Grants and Contributions

7
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hands of the top 10 companies.
Unfortunately, the policy decision to support industry concentration has not been accompanied
by strategies to encourage small business and entrepreneurial space companies - the source of
much of Canada’s technological edge. The continued strength of the space industry continues
to be dependent upon coherent government spending on space infrastructure and industry has
warned that without a coherent space policy, a long term space plan and continued government
funding, it will be unable to retain the skilled and experience workforce that has been its major
asset.
The lack of policy direction, coupled with a continuing reduction in funding support for the
Canadian space industry and the further increased concentration of industry revenues as noted
above will result in a decline in Canadian innovation and international competitiveness.

The Physical Infrastructure
The ability to design, develop, integrate, test and launch space assets – be they
communications or EO satellites, space science instruments or robotic arms – Canada requires
the physical infrastructure necessary to assemble, integrate and test these assets. Canada has
developed state of the art facilities for modelling and simulation, component manufacturing,
payload integration and test, payload control and operations and training. These assets are
distributed across government, at Universities and within the private sector.
Perhaps the most strategic of these assets is the David Florida Laboratory (DFL) owned and
operated by the CSA. Located at the Communications Research Centre campus in Ottawa, the
DFL consists of Assembly, Integration and Test areas, Radio Frequency Qualification Facilities,
Structural Qualification Facilities, and Thermal Qualification Facilities. In addition to the DFL, the
Institute for Aerospace Research at the National Research Council of Canada is a leading,
world-class facility for acoustic testing. The IAR has been conducting acoustic testing of
satellites and other space equipment since the 1970s and DFL relies heavily on the ability of
IAR for large scale random acoustic testing of space equipment
In order to develop and maintain the systems engineering and systems integration capability
critical to an independent national space program Canada invested in the creation of world class
satellite design, integration and test capability and expertise. This capability was initially
developed in the early 1970s and in order to maintain its currency and relevance to an evolving
space sector, the DFL has to ensure that the technologies and systems for integration and test
are adequate for a range of projects expected within the future Canadian space program. The
DFL is aging and is falling behind in terms of capability and technology and upgrades are long
overdue, particularly those required for the planned RADARSAT Constellation Mission (RCM).
The expected boom in satellite construction envisioned by Euroconsult and the OECD offers an
opportunity for Canada to provide satellite integration and test services, particularly as nations
with smaller space budgets and rapid deployment schedules may not be in a position to develop
the commensurate infrastructure. With an integration and test facility that is no longer on the
cutting edge, attracting foreign clients becomes more difficult, and the potential for growing
external revenues will diminish.
The DFL will require an upgrade to support the RCM – and other market demands expected in
this time frame – which would require an investment in the range of $15-$20M including
equipment and facilities, as well as growth in staff of 20%. Annual DFL revenues from outside

A Report for the Review of Aerospace and Space Programs and Policies

VI

The Development of Canada’s Space Infrastructure
Executive Summary

sources have typically been in the range of $2.5-$4.6M but in 2011-12 they reached almost
$6M. Significant additional revenue may be available given the projections for space activity, but
the near term maintenance of this asset is critical to retaining an independent domestic space
industry. The long term commercial potential of the DFL given the Euroconsult projections for
new satellites may warrant examination of a revised business model for DFL.
Canada has not had its own launch capability since the mid 1960’s. The Fort Churchill range in
Manitoba was used in the 1950’s to launch Black Brant rockets in support of suborbital flights
designed to study the atmosphere. Since then there have been attempts by the private sector to
rejuvenate it, but to no avail. Canada not only lacks a launch facility but also its own launcher.
The development of a Canadian micro-satellite launcher has variously been estimated to cost
from $100-150 million and take up to ten years to develop. Such an effort would detract from
other space program priorities.
There is considered to be an overcapacity in the launch sector internationally. Ten countries
have demonstrated independent orbital launch capabilities and several more are currently
developing one, so there is unlikely to be an international market for a Canadian launch facility
or launcher. Neither is there a sustainable domestic market. Developing such a capability
cannot be justified on economic grounds. The only justification might be if a case could be made
to do so in the strategic national interest, to reduce the dependence on foreign launches of
critical Canadian space assets. Of course if the private sector can make a business case, there
is no reason why they should not undertake such a development as was done in the US by
SpaceX. However this is considered unlikely without substantial Government backing.
Canada has a growing network of satellite data reception, processing and archiving systems in
support of its EO, meteorological, science and defence programs. This network has developed
in response to, and been funded by, program or department specific requirements without a
coherent vision for the growing future demands of the multi-mission satellite systems which are
expected to be at the core of Canada’s space program.
A Federal Ground Infrastructure for Satellite Missions (FGISM) Working Group has been
established to address these future requirements. With the participation of the CSA, Department
of National Defence (DND), Environment Canada (EC), Natural Resources Canada (NRCan),
Department of Fisheries and Oceans (DFO) and the CRC, the FGISM would see these
departments collectively define, plan and implement an integrated modern infrastructure for
present and future satellite missions. This initiative deserves government support at senior
levels as it will provide a roadmap for ground systems development that maximizes the
associated return on investment.
The development of this ground infrastructure should give consideration to the market
opportunities afforded by the growing number of satellites with polar orbits as well as the
priorities established in Canada’s Northern Strategy: exercising Canadian Arctic sovereignty;
promoting social and economic development; protecting the North’s environmental heritage; and
improving and devolving northern governance, so that Northerners have a greater say in their
own destiny.
The economic potential of the North and the challenges associated with its development are
well understood. The environmental changes taking place in the North have reduced the Arctic
sea ice by approximately 10% per decade since the 1970’s. As a result, large areas of the Arctic
will become more suitable for agriculture, the underlying oil, gas and mineral deposits will be
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more accessible and there will be increased marine traffic as a result of shipping, exploration
and tourism.
Canada’s space program – and our most successful space technologies - can play an important
role in Arctic development. Satellite technology is critical in providing cost effective
communications – broadcast, internet and telephony - in high latitudes. It can also provide the
surveillance information required to support search and rescue and security in the North.
Remote sensing technologies – space and ground based - will be critical to providing the
weather, sea and ice conditions information required to support Northern resource development
and increased marine traffic. Data capture and management systems located in the North can
be an asset to our international partners and a contributor to Northern community sustainability
while providing commercial opportunities for Canadian industry.

Summary of Conclusions


A Canadian Space Policy is needed to set out the Government’s vision for Canada in
space for the next decade; a policy that should encompass all government spending on
space systems and services. This policy should include an integrated management
framework which ensures a coherent approach to the development and execution of an
interdepartmental LTSP defining Canada’s specific investments in space. This plan
should include departmental implementation plans which would lay out the expenditures
required to execute the LTSP and provide the mechanism for measuring results. An
interdepartmental approach is proposed as a practical solution to address the ground
infrastructure issues identified herein and to optimize Government investment and
ensure consistency with a new Space Policy.



The Canadian space sector consists of a complementary and synergistic combination of
public and private sector organizations. However the recent lack of direction in the
Canadian Space Program has led to a situation where industry does not know where to
focus its internal efforts. It is important to restore this partnership. Government plans
have not been clearly articulated and shared with industry and there is no evidence that
priorities are focused on areas that serve the national interests and priorities or build on
existing Canadian strengths. Action is required to ensure that a strong industry with a
sustainable competitive edge can be maintained



The funding levels and spending profile for the Canadian Space program has changed
since the inception of the CSA. The effective 48% reduction in the project funding
available to industry from the CSA budget between 2002/01 to 2013/14 has resulted in a
reduced number of small and medium size enterprises within the Canada space
industry. The success of MDA is, in part, the result of government investment in space
projects and CSA’s associated spending in the space industry. An LTSP which provides
space industry SMEs with more opportunities for capability and technology development
through funded contracts will serve Canada’s industrial and economic development
priorities.



Canadian world class strengths in satellite/payload assembly, integration and test, as
represented particularly by CSA’s David Florida Laboratory (DFL) and NRCC’s Institute
for Aerospace Research (IAR) test facility, have been maintained but risk becoming
outdated and obsolescent given the needs of Canada’s space program and the evolving
international space sector. Investments in their upgrade to address technological
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advances and the demands of the Canadian and international space communities for
environmental testing would assure Canada’s continued expertise and serve the
evolving needs of both the Canadian and international space sectors


The Earth observation thrust is critically supported by the data archive facility maintained
by the CCRS of NRCan. As the demand for accessing historical data as well as nearreal time data increases in the coming years, it is critical that this resource be
maintained, upgraded and expanded to meet the increasing demands.



With the vast natural resources and opening of shipping routes in the Arctic, new
services are required to properly support the increased northern activity. Chief amongst
these is reliable, high quality, high capacity communications. A second gap is the need
for accurate and reliable weather forecasting. A satellite system or systems to address
these two needs would be an important component in advancing the Northern Strategy.
More than ever it is incumbent on the Government to take the initiative.



There is an opportunity for Canada to operate northern ground stations not only to
satisfy domestic needs but also to serve the international market. This is already being
done in Norway at the northern satellite ground stations of Svalbard and Tromso.
Svalbard is the most northerly at 78 degrees north. It is able to download information for
all daily 14 orbits of polar orbiting satellites. With Ground stations in Resolute (75
degrees north) and Inuvik (68 degrees north), supported by Prince Albert, Canada could
offer similar services to the international community and use the proceeds to offset the
cost of operating the ground stations for Canadian missions.



The study found nothing to justify Canadian Government investment in a domestic
launch capability. In the first place Canada does not launch enough satellites to justify
such an investment, and there is no shortage of launch services available to meet
Canadian needs from the countries/agencies with existing launch capabilities. Secondly,
because of the existing worldwide launch capacity, there would likely be little
international market for an untried Canadian launch capability.
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CASSIOPE
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CNSA
COSTIND
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CRESTech
CSA
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CSSP
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DFL
DFO
DLR
DND
DoD
DRDC
ePOP
EAC
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EDRS
EMC
EMR
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ESA
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ESRIN
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Agriculture and Agri-Food Canada
Aboriginal Affairs and Northern Development Canada
Air Force Satellite Control Network
Air Force Space Surveillance System
Assembly, Integration and Test
Air Force Research Laboratory Air Force Maui Optical Station
The Andoya Rocket Range
Alcântara Space Center
Italian Space Agency
Chofu Aerospace Centre
Cloud Aerosol Lidar and Infrared Pathfinder Satellite Observation
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Canada Centre for Remote Sensing
Italian Aerospace Research Centre
Climate Absolute Radiance and Refractivity Observatory
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Commission of Science, Technology and Industry for National Defense
Communications Research Centre
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Department of National Defence
Department of Defense
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European Space Agency
European Space Astronomy Centre
European Space Operations Centre
ESA’s Centre for Earth Observation
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FTE
GCTC

Full time equivalent
Yuri A. Gagarin State Scientific Research Testing Cosmonaut Training
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GEO
Geo-synchronous Orbit
GLONASS
Global Navigation Satellite System (Russia)
GoC
Government of Canada
GOES
Geostationary Operational Environmental Satellite
GPS
Global Positioning System
GSCB ESA,
Ground Segment Coordination Body
GSFC
Goddard Space Flight Centre
HMD
Head mounted display
IAR
Institute for Aerospace Research
IC
Industry Canada’s
IDSN
Indian Deep Space Network
IEC
International Economic Commission
ISIC
International Space Innovation Centre
ISRO
Indian Space Research Organization
ISS
International Space Station
ISSDC
Indian Space Science Data Centre
ISTOP
Integrated Satellite Tracking of Pollution
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Institute for Space and Terrestrial Science
IV&V
Independent Verification and Validation
JAXA
Japan Aerospace Exploration Agency
JPL
Jet Propulsion Laboratory
JSC:
Johnson Space Centre
Kopernikus/GMES Kopernikus / Global Monitoring for Environment and Security
KSAT
Kongsberg Satellite Services AS
KSC:
Kennedy Space Centre
KSO
Kansai Satellite Office
KSPC
Kakuda Space Centre
LEO
Low Earth Orbit
LTSP
Long Term Space Plan
MBS
Mobile Base System
MDA
MacDonald, Dettwiler and Associates Ltd.
MDSCC
Madrid Deep Space Communications Complex
MEO
Medium Earth Orbit
MEOI
Ontario Ministry of Enterprise, Opportunity & Innovation
MMO
Mission Management Office
MOC
MSS Operations Centre
MODIS
Resolution Imaging Spectroradiometer
MOPITT
Measurement of Pollutants in the Troposphere instrument
MOST
Microvariabilty and Oscillation of Stars space telescope
MOTS
MSS Operations and Training System
MSFC
Marshall Space Flight Centre
MSS
Mobile Servicing System
MSSS
Maui Space Surveillance System
NASA
National Aeronautical and Space Administration
NATO
North Atlantic Treaty Organization
NESDIS
NOAA's National Environmental Satellite, Data, and Information Service
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NOAA
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NRCC
NRSC
NSC
NSR
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PIM
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R&D
RCM
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Roscosmos
SAR
SDSC
SFL
SPOC
SRMS
SSL
SSRMS
SvalSat
SVS
TC
TKSC
TNSC
TNSC
TRM
TSS
TT&C
UDSC
USC
UTIAS
VOTE
WCGR
WINDII
RFQF
SQF
TQF

New InfraRed Sensor Technology
National Oceanographic and Atmospheric Administration
Natural Resources Canada
National Research Council of Canada
National Remote Sensing Centre
Norwegian Space Centre
Northern Sea Route
Noshiro Testing Centre
Organization for Economic Cooperation and Development’s
other government department
Outer Radiation Belt Injection, transport, Acceleration and Loss Satellite
Office of Satellite Products and Operations
Public private partnerships
Parks Canada Agency
Canadian Polar Communications and Weather
Passive Intermodulation
Polar Orbiting Environmental Satellites
Public Safety Canada
Works and Government Services Canada
research and development
RADARSAT Constellation Mission
radio frequency
Russian Federal Space Agency
Russian Federal Space Agency
Synthetic Aperture Radar
Satish Dhawan Space Centre
Space Flight Laboratory
Space Program Operations Contract
Shuttle Remote Manipulator System
Space Systems Loral
Space Station Remote Manipulator System
Svalbard Satellite Station
Space Vision System
Transport Canada
Tsukuba Space Centre
Tanegashima Space Centre
Tanegashima Space Centre
Transmit/Receive Module
Tromso Satellite Station
Telemetry, Tracking and Control
Usuda Deep Space Centre
Uchinoura Space Centre
University of Toronto Institute for Aerospace Studies
Virtual Operations Training Environment
Waterloo Centre for Groundwater Research
Wind Imaging Interferometer Instrument
Radio Frequency Qualification Facilities
Structural Qualification Facilities
Thermal Qualification Facilities
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Introduction
This report has been prepared in response to a contract issued to Lansdowne Technologies Inc.
(Lansdowne) by the Aerospace Review Secretariat of the Emerson Commission. Lansdowne
was mandated to review Canada’s Space Infrastructure with the objective of identifying a
business case for the Government of Canada to invest in the maintenance and development of
a national space infrastructure that could help support the competitiveness of the Canadian
space industry in taking advantage of global commercial opportunities or responding to strategic
national priorities.
In order to address this review, Lansdowne has been asked to specifically:
6. Identify the types of space infrastructure in use globally to support the space sector and list
the elements of Canada’s current space infrastructure;
7. Explore Canada’s needs for additional space infrastructure to serve its medium and long
term priorities;
8. Identify Canada’s particular global advantages for supporting space infrastructure including
our industrial base, technologies and geography;
9. Describe the business case for investing in space infrastructure and provide a rough
approximation of the associated costs; and,
10. Describe the various funding models used in other countries to support space infrastructure
and identify those models that might be applied in Canada.
This report is based upon the synthesis of primary and secondary research conducted by third
parties such as those cited herein. Significant analysis of the national and international state,
structure and future requirements for space infrastructure has been undertaken over the last 5
years and much of this work by third parties cited herein contributes directly to this report.
The benefits of investment in the space sector are well documented and substantiated in reports
such as the Organization for Economic Cooperation and Development’s (OECD) The Space
Economy at a Glance8. As a result, this report does not attempt to provide an economic, political
or social justification for investment in the space sector. Rather, it speaks to the specific needs
of Canada for space infrastructure and the associated priorities for investment.

Defining Space Infrastructure
Space infrastructure in this report has been defined to include the ground-based infrastructure
necessary to support the design, development, manufacture, test, launch and operations of
space assets and space-based applications. Space infrastructure has been organized into the
following 7 categories:


Research and Development: infrastructure to support the design and development of space
technologies – examples would include modeling and simulation capabilities, collaborative
research facilities or materials research laboratories – this would exclude most private sector
facilities but include research institutes such as the Centre for research in Earth and Space

8

OECD (2011), The Space Economy at a Glance 2011, OECD Publishing,
http://dx.doi.org/10.1787/9789264111790.htm
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technologies (CRESTech) which are funded in whole or in part by the Canadian
government.


Integration & Test: infrastructure to support the testing and verification of mechanical,
thermal, electrical and control systems on space assets such as satellites – examples would
include the David Florida Laboratory and its thermal vacuum and anechoic chambers,
National Research Council of Canada’s (NRCC) Institute for Aerospace Research (IAR)
acoustic chamber, or the simulation facility (SIMFAC) used to test the Canadarm – this
would exclude facilities owned by the private sector.



Canadian Industrial Capacity: Canadian industrial infrastructure – capacity, capability and
facilities – are key elements of the Canadian space infrastructure. This industrial capacity is
discussed herein, but space assets – which may be acquired as a result of government
contracts - and manufacturing and other facilities held by the private sector are discussed
only briefly in this report.



Launch: infrastructure to support the integration of payloads onto launch vehicles and their
launch – examples include the White Sands launch facility or the abandoned Churchill
research range so successfully employed in the 1970’s.



Training systems and facilities: infrastructure to support the training of space technology
users or operators; examples include the highly successful Virtual Operations Training
Environment (VOTE) and the MSS Operations and Training System (MOTS) facilities
developed under the Canadian Space Station Program (CSSP).



Data Reception and processing stations: infrastructure to support the receipt and processing
of satellite signals originating with space-based assets – examples would be the Gatineau
receiving stations employed for RADARSAT 1 and 2 and Telesat’s network of earth stations.
This may also include application specific data processing systems designed to support the
application specific processing of signals (data) received from space-based assets – the
RADARSAT 1 and 2 Data Processing and Archiving System is one example.



Operations / command systems: infrastructure to support the command and control of
space-based assets - example include Telesat’s satellite operations systems, the Canadian
Space Agency’s (CSA) MSS Operations Centre (MOC) or RADARSAT Mission Control
Centre (MCC).

Although this report focuses on government owned and/or operated assets or facilities it also
identifies key infrastructure owned and/or operated by academia and the private sector. In
addition to the government owned and operated facilities there are in excess of 180 companies
providing a variety of space-related products and services in Canada. Many of these
companies have facilities that could be considered as part of the space infrastructure, but only
the key private sector facilities that may be viewed as ‘strategic assets’ have been identified.

The Users of Space Infrastructure
In examining the needs for and opportunities afforded by the development of Canada’s space
infrastructure, consideration has been given to all of the key stakeholders in Canada’s space

A Report for the Review of Aerospace and Space Programs and Policies

2

The Development of
Canada’s Space Infrastructure

program: the Canadian federal and provincial governments, Canadian industry and the
Canadian public.
In addition to the needs of the CSA, the needs of key federal government departments who will
employ the products provided by a robust space industry have been examined including:
Industry Canada’s (IC) Communications Research Centre (CRC), Department of National
Defence (DND), Environment Canada (EC), Natural Resources Canada (NRCan), Public Safety
Canada (PSC), Transport Canada (TC) and the Department of Fisheries and Oceans (DFO).
Six key departments (CSA, IC, EC, DFO, DND and NRCan) have invested in and operate space
infrastructure. Each of these has a growing critical need for satellite data and services in order
to fulfill their respective mandates.
The provincial, territorial and municipal governments are also key beneficiaries of, if not direct
and active participants in, Canada’s space sector investments and operations. Several of these
governments benefit directly from the products produced by the space sector. One such
example is the use of RADARSAT data in support of emergency management planning and
response.
The Canadian space industry has benefited significantly from the investments made in the
Canadian space program and make significant use of Canada’s space infrastructure. The space
industry has produced jobs for highly skilled workers, intellectual property, competitive world
class technologies and strong export sales. They are major beneficiaries of investment in
Canada’s space infrastructure and in today’s increasingly competitive international environment,
will continue to need focused government investment to maintain their competitive advantage.
In addition to those industry participants who produce space assets, there are private sector
firms that benefit from the commercial exploitation of the products and services which are
produced. One such example, ESRI Canada, uses satellite resources to generate GIS products
and services which are in turn purchased by both governments and private organizations.
Canadian universities and researchers have contributed significantly to the success of Canada’s
space program by identifying science priorities, by providing scientific support and by designing,
developing and operating science payloads. This contribution has been supported through
transfer payments and contracts issued by the CSA to organizations such as the Centre for
Research in Earth and Space Technology (CRESTech).
Extending beyond the direct needs of the industrial and government participants in Canada’s
space sector are the needs of the Canadian public and the priorities of the Canadian federal
government as expressed within recent policy documents including the Economic Action Plan
and Canada’s Northern Strategy.
This report is focused on addressing these needs, while identifying opportunities to support the
priorities of Canada’s federal and provincial governments and contributing to the health and
wealth of Canadians. The objective is, to ensure that Canada’s space industry has the tools to
effectively deliver services to Canadians while competing in international markets, exploiting the
needs of our international partners by leveraging the competitive advantages that result from
our technological expertise, intellectual capital, and geography.
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Understanding the Current Context
State of the International Space Sector
The near term future of the international space sector will be directly affected by the global
economy: budget deficits in Canada and the US combined with the debt crisis in Europe will
dictate budget restrictions on spending in space for all of the traditional major space faring
nations. Only with investments made by major new players – such as China and India - with
their continuing economic growth and desire to become major players in the space sector will
spending in the space sector increase. An increasing number of nations see space as a
worthwhile government investment required to advance their social, economic, and
technological development through applications such as telehealth, telemedicine and satellitebased internet services.
On March 27th of 2012, Euroconsult - a leading international research and analysis firm
specialized in the space sector - announced that global government budgets for space
programs have reached a plateau of roughly $70 billion, confirming a slowdown in expansion
experienced by the space industry for the last 10 years9.
According to Euroconsult, many space programs have received recent short-term boosts to
counter the economic crisis but they will now experience budget reductions in response to the
impacts of the global economic situation. However, as new coherent long term space strategies
are developed there is an expectation that spending will increase from current levels by the end
of the decade. These strategies, and the need to leverage national investments in space, will
likely drive an increase in the level of, and priority assigned to international cooperation in order
to share risks and costs. This will be true especially for the increasing number of ‘minor’ players
expected to enter the space sector. Canada’s historic broad international cooperation in space,
coupled with our strength in key sectors, will work to our advantage.
Euroconsult has identified that there is an increasing number of international players in the
space sector and also that the investments being made are shifting.


53 countries invested US$10 million or more in space applications and technologies,
compared to 42 in 2006; there were 26 in 2001.



The United States invested US$43 billion in its space program (civil and defense) in 2011,
experiencing the first decline in spending since the mid 1990s. The U.S. space program
accounts for 61% of global space budgets, a record low pulled down by the recent decrease
in funding, the emergence of new regional leaders and more generally by the multiplication
of countries investing in space technologies. Despite this trend, the U.S. remains an
unchallenged leader both in dollar value and in relation to its Gross Domestic Product
(GDP). (This investment profile will change as the U.S. has replaced its investment in space
launch vehicles with private sector initiatives such as Space X Corporation’s recent success
in docking with the International Space Station.)



Eight countries/organizations invest over US$1 billion: Russia, Japan, France, China,
Germany, India, the European Union and Italy; there were five in 2006 (Russia, Japan,
France, Germany and China).

9

“Profiles of Government Space Programs: Analysis of 60 Countries & Agencies”, Euroconsult 2012
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19 countries or agencies recorded over US$100 million: Canada, Brazil, Argentina, Mexico,
Belgium, Norway, Spain, Sweden, Switzerland, The Netherlands, The United Kingdom,
Kazakhstan, Iran, Israel, Turkey, The UAE, Pakistan, Australia, South Korea; 12 of them
were part of that list in 2006.



Twenty five other countries invested between US$10 million and US$100 million in their
national space programs; 20 of them were part of that list in 2006.

Further, there has been a shift in the funding for specific (non-classified) applications areas
which should influence the investment priorities within Canada. Some of those applications
areas play to traditional Canadian strengths in the space sector:


Access to space: US$5.8 billion (10% of global budget), +37% over 2010;



Space security: US$2.4 billion (4% of global budget), +26% over 2010



Earth observation & meteorology: US$9 billion (15% of global budget), +16% over 2010;



SatNav: US$3.2 billion (5% of global budget),+5% over 2010;



Human spaceflight: US$10.9 billion (18% of global budget), -6% over 2010;



Science and exploration: US$6 billion (10% of global budget), -7% over 2010;



Satellite Communications (SatCom): US$8.4 billion, (14% of global budget), -10% over
2010;

Amongst the most significant developments in the space industry is the increasing
commercialization of space10, an approach that extends beyond the traditional applications of
satellite navigation systems, broadcast and satellite communications to an increasing reliance
on the commercial sector for applications such as Earth Observation. The U.S. has a policy that
favours buying data from commercial providers. The U.S. Department of Defense (DoD) was
the first customer for earth observation data. Commercial data sales to defence customers is
expected to reach US$2.6B by 2019. The total value of the commercial space economy was
estimated at between US$150B - US$190B for which Canada was responsible for $3.4B.
The recent work of private sector firms such as SpaceX in the successful development and
deployment of a commercial launch capability is another indication that sectors of the space
industry that have traditionally been viewed as the purview of government may be the basis for
new commercial ventures, and may result in a reduction in the dependency of the space sector
on government development of certain types of space assets.
Public private partnerships (P3) are increasingly viewed as an alternative to having
governments build, own and operate major infrastructure. While most examples of P 3 can be
found in roads, bridges and campus developments, this approach may increasingly apply to
space infrastructure. As discussed under Business Models, experience with this approach is
mixed but new frameworks for their implementation in Canada are being developed.

10

Canada in Space: The Global Context 2010-2011 (presentation to CSA Executive Committee), Joan
Harvey and Rene St-Amant, Canadian Space Agency, March 7 2012
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State of the Canadian Space Sector
The Canadian space sector consists of over 200 organizations of various types including
companies, institutes, research organizations, government departments, research centres and
laboratories. These organizations employ over 8,200 persons including over 4,300 highly
qualified professionals and generate over $3.4B in annual revenues over 50% of which is
generated through exports.
While Canada has been successful in developing niches, key Canadian strengths – such as
space imagery – are facing increasing competitive pressure within an increasing market for
imagery to support earth observation (+16% growth over 2010) and space security (+26% over
2010). These shifts in spending reflect market demands and need to be addressed in the
strategic investment priorities made within the Canadian space sector.

Canadian Space Program
The coordination of Canadian government investments and priorities in space was governed by
the Interdepartmental Committee on Space (ICS) until the late 1980’s. A review in the 1980’s
determined that this approach was ineffective and the decision was taken to form a CSA.
The CSA was established by an Order-in-Council in March 1989 and several activities and
programs were transferred to the CSA from what were then the Department of Energy, Mines
and Resources, the Department of Communications, the National Research Council of Canada
and the Ministry of State for Science and Technology. However, a number of space-related
activities remained in other departments and agencies where they continue to reside such as
Natural Resources Canada satellite data reception and management facilities. The two largest
programs transferred to the CSA were Canada's participation in the International Space Station
and the RADARSAT remote-sensing satellite.
Canada’s Space Program is a horizontal program with major program spending in space
coordinated through the CSA by a Long Term Space Plan (LTSP). However government-wide
spending in space is not governed by the LTSP alone nor is it guided by comprehensive
integrated national space policy. The result has been approval of projects and acquisition of
space-related infrastructure by a number of federal departments independently of the LTSP.
Several departments – Environment Canada, National Defence and Natural Resources Canada
in particular – have assets which are considered to be part of Canada’s space infrastructure but
which were or are being acquired outside of the LTSP. Thus the LTSP has not defined the
priorities, nor provided the funding for the whole Canadian Space Program and as such has not
reflected total Canadian government spending on space.
Canada’s most recent space policy, including an associated expenditure plan, dates from 1999.
There will be more than 300 EO polar orbiting satellites around the earth in the next decade.
Much more data will become available from these national and foreign satellites. Coordinated
and integrated Canadian ground infrastructure to receive, share, integrate, catalogue and
preserve space data will be needed.
With the completion of the Canadian Space Station Program (CSSP) and the transition of
RADARSAT 2 to mature operations, Canada has successfully completed the objectives
established in LTSP 2 which was developed by the Canadian Space Agency and approved in
June 1994. A Canadian Space Strategy was developed by the CSA in 2003 as a follow on,
designed to be a new framework to guide the CSA as the lead for Canada’s Space Program. Its
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replacement – often referred to as LTSP 4 – is under development, and overdue. As a result
the future for Canada’s space sector is uncertain.
The A-base funding for the CSA has been set at approximately $300M for almost 10 years. In
FY 2011/2012 the CSA’s total budget peaked at an all-time high of $424.6M as a result of
incremental funds provided under the Economic Action Plan and by Major Crown Projects. By
2013/2014 the CSA A-base budget will drop to an estimated $309.7M. This effective budget
reduction, when coupled with the fixed spending commitments required to support its major
programs and its internal infrastructure, will leave the CSA with little or no flexibility to respond
to the changing needs of the space program and space industry.
The fundamental spending profile for the CSA has changed as well. In 2000/0111, the CSA
spending was $351.5M, the CSA full time equivalent (FTE) count (personnel) was 388 and
almost 66% of its budget ($232.1M) was spent in industry and academia12. By 2013/14 the CSA
forecasts spending of $309.7M13, an FTE count of 687 and 39% of its budget ($121.2M) will be
spent in industry and academia.
If Canada intends to continue with an active and meaningful Space Program and respond to
changing national and international market requirements and opportunities, increased funding
under a comprehensive integrated space policy and changes in the spending of the CSA budget
will be required to provide that flexibility.
The future direction for Canada in space will be dictated – at least in part – by the results of the
Review of Aerospace and Space Programs and Policies for which this report has been
produced.

Canadian Space Industry
The potential impact on the Canadian space industry of the current lack of a refreshed Space
Policy and Plan is reflected in the Futron 2011 Space Competitiveness Index14 which has
downgraded Canada’s position from 6th to 7th. The report states:
“Canada retains a skilled space workforce, and Canadian companies did well in 2010.
But delays in space policy refresh and implementation are offsetting these competitive
advantages.15”
While the Canadian space industry is composed of more than 200 organizations, the Canadian
space industry strategy pursued by the Canadian government has led to significant
concentration in the industry with almost 90% of space revenues in the hands of the top 10
companies. Recently, MacDonald Dettwiler and Associates (MDA) has been able to grow to
11

Canadian Space Agency, 2000-2001 Estimates, Part III – Report on Plans and Priorities

12

This represents the total planned spending on Capital Projects and Grants and Contributions

13

Canadian Space Agency, 2012-2013 Estimates, Report on Plans and Priorities

14

Futron’s 2011 Space Competitiveness Index, A Comparative Analysis of How Countries Invest in and
Benefit from Space Industry; Futron Corporation, 2011
15

Futron’s 2011 Space Competitiveness Index, A Comparative Analysis of How Countries Invest in and
Benefit from Space Industry, Executive Summary; Futron Corporation, 2011
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become a major international player, having recently announced the $US 875 M purchase of the
US-based commercial satellite manufacturer Space Systems Loral (SSL), bringing its estimated
sales to close to US$ 1.9 Billion. With this purchase, Canada’s space industry will see
fundamental change and MDA’s revenues alone will represent in excess of 42% of the total
Canadian industry annual sales.
With the exception of MDA, the lack of global scale and reach of many Canadian space
companies make them vulnerable to mergers and acquisitions activity as there is growing
competition in the satellite imagery market space. The need for federal government intervention
in the proposed sale of MDA to Alliant Techsystems in April 2008 is an illustration of this
vulnerability. This intervention and the subsequent acquisition by MDA of SSL have changed
the landscape in Canada’s space sector and protected a key strategic space sector asset.
The Canadian space program and space industry have successfully focused their collective
efforts on several key sectors: robotics, vision systems, earth observation and satellite
communications. However, this industry concentration has not been accompanied by strategies
to encourage small business and entrepreneurial space companies. Further the continued
strength of the space industry is still dependent upon government funding and key industry
players have warned that without a coherent space policy, a long term space plan and
continued government funding, they will be unable to retain the skilled and experience
workforce that has been their major asset.
As previously noted, the direct funding support for the Canadian space industry, as represented
by CSA funding of Capital Projects and the provision of Grants and Contributions has declined
both as a percentage of the CSA budget (66% to 39%) and in absolute terms ($232.1M to
$121.2M).
The impact of a reduction in fundamental long term funding support for the Canadian space
industry, coupled with the increased concentration of industry revenues (approximately 90% in
the top 10 space companies, will be a decline in Canadian innovation and international
competitiveness.

Policy Context
The development of a national space infrastructure must be consistent with the priorities of the
federal government - as outlined in the Economic Action Plan, Northern Strategy and Canada
First Defence Strategy - and contribute to the outcomes established therein. Further, this
infrastructure must support the mandates of those key government departments which deliver
on Canada’s Space Program and/or use the resulting ground and space based assets which the
Space Program delivers.
The Government’s priorities extend beyond the medium term objectives established in the
Economic Action Plan to include those long term priorities associated with asserting Canada’s
sovereignty in the Arctic and strengthening Canada’s economic union. These long term priorities
have been articulated in various key policy documents and strategic initiatives.

Economic Policy
The Economic Action Plan is “stimulating Canada’s economy to preserve and create jobs by
speeding up investment in infrastructure that will support our future prosperity. The federal
government is committed to promoting economic growth and expanding Canada’s international
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trade and has committed to “the creation of the green jobs befitting our growing stature as a
clean energy superpower.”
Advantage Canada: Building a Strong Economy for Canadians is designed to make Canada a
world leader for today and future generations, building a strong Canadian economy and making
our quality of life second to none through competitive economic advantages. Its key tenets
include:


Excellence in University Research;



Investing for sustainable growth;



Skills Development. Working with provinces, territories and the private sector to make
training and skills development more widely available to Canadian workers and better
aligned with the needs of the economy; and,



Canada’s Knowledge Advantage. Creating the Best-Educated, Most-Skilled and Most
Flexible Workforce in the World.

Mobilizing Science and Technology to Canada's Advantage reflects “the need to encourage
greater private-sector science and technology (S&T) investment is a national priority”. Canada
must continue to strengthen its knowledge base. S&T capacity is more widely distributed around
the world today. To succeed in an increasingly competitive global arena, Canadians must be at
the leading edge of important developments that generate health, environmental, societal, and
economic benefits. Attracting and retaining high quality space researchers and promoting a
strong space industry directly support Canada’s S&T strategy as expresses in Mobilizing
Science and Technology to Canada’s Advantage.
The economic benefits of a national space program have been clearly established in repeated
national and international studies. In 2009, an estimated $US 64.4B was spent globally by
governments in their space programs, with an estimated resulting revenue in space-related
products and services of $US 150-165B16.
The OECD 2011 report indicates that national governmental support programs in the space
sector have shown to have positive economic multipliers of between 1.9 and 4.9. (i.e. for every
dollar spent on space activities, between 1.9 and 4.9 dollars of economic activity is generated.)
The Canadian Space Sector provides enormous opportunity for - and has a history of university participation, research investment, innovation and attracting and retaining high quality
space researchers. Promoting a strong space industry directly supports the economic aims of
the federal, provincial and territorial governments.

Social Policy & The Northern Strategy
Service to Canadians has long been a focus of federal, provincial and territorial governments
and this focus has extended to ensuring that all Canadians have access to these services. The
Space Sector has a unique contribution to make in addressing the special challenges facing
isolated communities and a strong role to play in the creation of strong and sustainable Northern
communities.
16

OECD (2011), The Space Economy at a Glance 2011, OECD Publishing,
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Canada’s Northern Strategy has focused efforts in the North on four priority areas:


exercising our Arctic sovereignty;



promoting social and economic development;



protecting the North’s environmental heritage; and



improving and devolving northern governance, so that Northerners have a greater say in
their own destiny.

The economic potential of the North is
now
well
understood.
The
environmental changes taking place
in the North have reduced the Arctic
sea ice by approximately 10% per
decade since the 1970’s with 2011’s
minimum reaching 4.33m square
kilometres17 (see ice extent image at
right).
As a result, large areas of the Arctic
will become more suitable for
agriculture. The Arctic, already a
significant source of oil, gas and
minerals for Canada, Sweden, Russia
and the US will become increasingly
important to the Canadian national
interest. Developments are taking
place quickly and a recent deal
between ExxonMobil and Rosneft to
invest up to $500B in developing
offshore resources in the Russian
Arctic
illustrates
the
strong
commercial and national interest.
The reduced ice will have a major impact on Arctic transportation as well. The Northern Sea
Route (NSR) may cut as much as 30% of the distance between Western Europe and Eastern
Asia and this passage is now open for 4-5 months per year. In 2010 four ships employed the
NSR while last year thirty-four ships did so. This traffic, in both directions, included tankers,
refrigerated vessels carrying fish and a cruise liner.
The importance to Canada of the Canadian Arctic and the responsibility of Canada to its Arctic
inhabitants cannot be overstated. Economic, social and technology development require that
Canada’s space program reflect the priorities established in our Northern Strategy. These needs
– and the need for cooperation in the Arctic - are clearly understood by the CSA and this
understanding is reflected in their recent efforts to sign a treaty with Russia for increased
cooperation in space.

17
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The Economist, June 16 -22 , 2012 – The Vanishing North
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Canada’s space program – and our most successful space technologies - can play an important
role in Arctic development. Satellite technology is critical in providing cost effective
communications – broadcast, internet and telephony - in high latitudes. It can also provide the
surveillance information required to support search and rescue and security in the North.
Remote sensing technologies – space and ground based - will be critical to providing the
weather, sea and ice conditions information required to support Northern resource development
and increased marine traffic. Data capture and management systems located in the North can
be an asset to our international partners and provide commercial opportunities for Canadian
industry.

Defence & Security
While these changes in the North promise substantial economic benefits for Canada, they will
also bring new challenges with important implications for Canadian sovereignty and security and
a potential requirement for additional military support.
The Canada First Defence Strategy is fully supportive of and coherent with Canada’s Northern
Strategy. The key space and ground based technologies and capabilities required to support the
Canada First Defence Strategy are the same as those required for social and economic
development in the North: satellite communications, surveillance and remote sensing An
improved ground based space infrastructure - in the form of receiving stations and data
processing facilities - are essential contributors to the delivery of these capabilities.
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Canada’s Space Infrastructure
The History
Canada was one of the first three countries to enter space and the first to
design, construct, launch, and operate a commercial domestic satellite
communications system. In November of 1958, Canada launched its first
rocket – a Nike-Cajun sounding rocket from the Churchill Range in
Manitoba. By September of 1959 it had launched a first all-Canadian
sounding rocket – the Black Brant 1 – the first of more than 3,500
suborbital sounding rockets to be launched from Churchill.
In 1960, Canada contributed space hardware to the U.S.
navigation satellite Transit 2A. By September of 1962,
Canada had launched Alouette 1 – Canada’s first domestically
designed and built satellite and by November of 1972 it had
launched Anik A1, the first domestic commercial
communications satellite in geostationary orbit.
Since the launch of that first sounding rocket in 1958, Canada
– and Canada’s space industry – has continued to build the
infrastructure required to support a Canadian space industry.
The 2011 OECD report18 indicates that in 2010, the Canadian
space-related ground segment revenue including applications and services was approximately
$2.8 B and represented approximately 80% of total space sector revenue.
The current Canadian space infrastructure – organized around the 7 categories previously
defined – consists of a range of public and private sector facilities and capabilities. These key
elements of Canada’s space infrastructure are discussed briefly in the subsections that follow. A
more complete inventory of the associated facilities is presented in Annex A to this report.

Research and Development Facilities
Canada’s current research and development (R&D) capability in support of space based
activities includes government, academic and private
facilities.


The CSA has established seven small laboratories at its
St. Hubert facility to support space based R&D including
an anechoic chamber, a thermal test chamber, and
electronic assembly and test laboratories.



Industry Canada’s CRC has communications satellite
ground infrastructure to connect universities, research

18

OECD (2011), The Space Economy at a Glance 2011, OECD Publishing,
http://dx.doi.org/10.1787/9789264111790.htm
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centres, government research laboratories, schools, and other eligible sites for collaborative
or experimental research.


Research Centres and Institutes, including the Centre for Research in Earth and Space
Technology (CRESTech), the Institute for Space Imaging Science (Space Physics) at the
University of Calgary and the University of Toronto Institute for Aerospace Studies (UTIAS)
have a variety of research, simulation and test facilities.



Much of Canada’s space science R&D activity is carried out at or in partnership with
Canadian universities. The CSA spends approximately $25M annually on space science
activities, about half of which is provided to universities through transfer payments.

Canadian Industrial Capacity
The Canadian space sector consists of a complementary and synergistic combination of public
and private sector organizations. In Canada, manufacturing of equipment, systems and
components in the space sector is largely – with the exception of specialised space science
instrumentation produced by universities and research institutes - the domain of the private
sector. The space industry, which positions itself to respond to government requirements as one
of its largest and most important markets for its products, produces the space and ground based
assets which are the revenue generators within the space economy. Having established their
niche areas in support to government requirements and with the financial support of
governments, companies then exploit their capabilities in the international marketplace.
Canadian companies have been well positioned but as the Futron Report of 2011 notes,
“…delays in space policy refresh and implementation are offsetting these competitive
advantages.”
There are many space companies in Canada which have internationally competitive capabilities
in specific niche areas of note. Many of them are small to medium enterprises. It is not the
purpose of this report to list them but rather, to focus on those strategic capabilities which help
to position Canada competitively in the global marketplace. The most significant and
internationally competitive Canadian industrial capabilities are in system or subsystem
assembly, integration and test as well as in the design and manufacture of RF components,
robotics and smallsat buses. These capabilities are applied most successfully in the
communications, robotics and remote sensing sectors where Canada is a recognized world
leader. In addition to the development of the associated space and ground based assets,
Canada has developed significant expertise in the value-added applications that employ these
and related technologies (i.e. vision systems, ice monitoring, etc).

Space Systems Integration
The ability to assemble, integrate, and test complete satellite systems in Canada is frequently
accomplished through Government/industry participation and cooperation. MDA, Magellan and
the CSA (David Florida Laboratory (DFL)) have some of the most significant satellite integration
and test facilities and capabilities worldwide.
As previously noted, MDA dominates the Canadian space industry with capabilities across a
broad spectrum of technologies, systems and markets. This dominant presence will become
even more relevant with MDA’s recent purchase of Space Systems Loral. MDA is now
expected to generate well over 40% of the Canadian space industry revenues, selling into
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commercial, civil and military markets worldwide. MDA’s world class capabilities in assembly,
integration and test of defence and aerospace systems, most significantly in space systems and
subsystems. They include:






70,000 square feet of environmentally controlled clean rooms up to class 10,000;
Fabrication, integration, and assembly facilities for specialized components, including
electronic circuit boards and components;
A payload integration facility and a large antenna integration and assembly area;
RF and antenna component and system measurement and testing facilities; and,
Environmental test facilities including those required for thermal, thermal vacuum,
vibration, mechanical shock, and particle impact noise detection testing.

MDA is a major global player in the design, management, and implementation, integration and
test of complex space systems.
Another major Canadian player in space systems integration and test is Magellan Aerospace,
which purchased Bristol Aerospace of Winnipeg from Rolls Royce in 1997. Bristol Aerospace
has developed the capability to perform the full assembly, integration and test of small satellites.
For example, it successfully built and completed the integration and test of the scientific satellite
SCISAT-1 in 2003, and performed the integration of the eight-instrument Enhanced Polar
Outflow Probe (e-POP) payload onto the CASSIOPE small satellite.

Remote Sensing
Canada has established itself as a world leader in Synthetic Aperture Radar (SAR) satellite
remote sensing. Since RADARSAT-1 launched in 1995, Canada has had operational SAR
satellites in orbit delivering service to Canadians and international clients. There has been
continuous development activity within Canadian industry as the state-of-the-art continues to
advance and today Canada is able to build SAR satellites with 70-80% Canadian content.
MDA possesses the project management, systems engineering, hardware design and software
design capability to build earth observation satellites including the manufacturing capacity to act
as prime contractor and major subsystem supplier for any SAR satellite system. Much of
Canadian expertise and industrial capacity in this area resides in MDA. Its Ste. Anne de
Bellevue, Que. facility, formerly Spar Aerospace, played a lead role in RADARSAT-1,
RADARSAT-2 and now the RADARSAT Constellation. For example that facility now has a
Transmit/Receive Module (TRM) design and manufacturing capability. TRMs are a key
component of the phased array antennas used in state-of-the-art SAR systems. For
RADARSAT-2, TRMs had to be obtained off-shore, but for the RADARSAT Constellation project
they will be made in Canada. Future systems will likely use MDA's Wireless Synthetic Aperture
Radar (WiSAR™) technology which offers significant reductions in cost and mass over the
current industry alternatives.

Robotics
As the developer of the Canadarm, Canadarm2, Dextre, and the U.S. Mars arms, MDA has long
been established as a recognized leading space exploration technology company. MDA
provides critical systems supporting manned space exploration, trusted to work to the world’s
most demanding safety and performance standards in the harsh conditions of space.
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Building on the billions of dollars invested in MDA’s advanced solutions for space exploration,
MDA is developing the next generation of autonomous exploration systems to support
international space exploration goals.
Also associated with robotics, Neptec Design Group Ltd. is a privately owned Canadian
company that specializes in the design, development, implementation and operation of
intelligent 3D machine vision systems. Neptec has been a prime contractor to the National
Aeronautics and Space Administration (NASA), the CSA and major space contractors for over
20 years. The company has received awards for its outstanding performance. It has delivered
space-certified flight machine vision systems on three different NASA programs and has
supported over 40 Space Shuttle missions. The company’s equipment provides real-time,
precise visual and numerical alignment and positioning cues to perform on-orbit inspection of
spacecraft, and ranging and situational awareness information on surrounding objects including
space vehicles, satellites, and debris.

Radio Frequency Components
As previously noted, Canada has a long history of leading the way in satellite communications.
That history has resulted in a very robust industrial capability in development, design,
manufacture, and testing of radio-frequency (RF) components both for both space-based and
ground infrastructure. One company of particular note is COMDEV. The company had its start
through responding to Canadian Government needs, particularly for communications satellite
multiplexers, but now has a thriving export business in a range of RF components. The
company’s special forte is in passive as well as active RF components such as TT&C
transceivers, multiplexers, phase shifters, waveguide and coaxial switches, couplers and
adapters, usually for use in C, Ku and Ka band satellite equipment. It is arguable the world
leader in this field. COMDEV has long-standing relationships with all of the world’s major space
companies. Over 80 percent of all commercial communications satellites ever launched have
had COM DEV technology on board.

Small Satellite Bus
Canada now has a small satellite (small-sat) bus design and manufacturing capability at
Magellan Aerospace (formerly Bristol). The bus refers to the platform into which the spacecraft
payload is integrated. While previously, Canada has been forced to purchase satellite buses
offshore, either from the USA or Europe, Canada can now claim to have an indigenous satellite
bus capability with export potential.
Magellan Aerospace is a major global player in aerospace and defence markets. Its 2011
revenues were just under $700M. Bristol Aerospace (a subsidiary of Magellan Aerospace) was
a developer of rockets and rocket engines in the early years of Canada’s space program. Bristol
has developed the capability to design and manufacture an array of space systems to suit
custom applications or tailor an existing design to meet specific mission requirements. The
company has extensive experience providing customers with solutions for space missions that
included space shuttle payloads, International Space Station payloads, and spacecraft buses
and integration services.
Magellan developed the capability to manufacture a smallsat bus, in large part through its work
with and support from the CSA. They supplied the bus for the SciSat and Cassiope missions,
and are the bus supplier for the RADARSAT Constellation.
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Other Canadian Manufacturers
Industry Canada’s database indicates there are dozens of other companies in Canada which
manufacture space and space related equipment. These companies also form a part of what
can be considered Canada’s ground infrastructure in support of space based assets.
Examples are ASC Signal Corporation (Formerly Andrew Satellite Communications), Nanowave
Technologies Inc., Optotek Limited, and SED Systems - a division of CALIAN Ltd.

Test Facilities
As a result of the need to ensure Canada was able to maintain its project schedules for final test
and integration of its satellites, Canada developed a significant, world class capability and
expertise in satellite integration and test. This capability was initially developed in the early
1970s and is primarily located at the DFL on the Communications Research Centre (CRC)
campus in Ottawa. It consists of Assembly, Integration and Test (AIT) areas, Radio Frequency
Qualification Facilities (RFQF), Structural Qualification Facilities (SQF), and Thermal
Qualification Facilities (TQF). In addition to the AIT of space hardware, the DFL has to ensure
that the technologies and systems for environmental and RF testing are adequate for future
Canadian space programs. However the DFL is aging and is falling behind in terms of capability
and technology. Upgrades are long overdue. Some will be needed in time for the RADARSAT
Constellation Mission (RCM) satellites. New building works are also needed. Currently there is a
complex of 18 interconnected buildings that have evolved over time on an ad hoc basis. The
CSA has drawn up plans for an expansion that could be staged over a number of years.
However funding remains an issue.
With a facility that is no longer on the cutting edge, attracting foreign clients becomes more
difficult, and external revenues will diminish. The DFL requires a substantial upgrade and
expansion in order to remain competitive. Annual DFL revenues from outside sources vary but
are typically in the range of $2.5-$4.6M; though in 2011-12 it reached about $6M due to an
unusual demand. DFL’s annual A-base, including the maintenance of the building, is around
$10M. To sustain the demand in the RCM time frame would require an investment in the range
of $15-$20M including equipment and facilities, as well as growth in staff of 20%.
The DFL has established a business arrangement with MDA whereby MDA acts essentially as a
broker and handles the contracts with the external clients. The recently announced MDA
purchase of Loral Space Systems Loral (SSL) could present an opportunity for DFL. While SSL
has its own AIT facilities in California, MDA now may be able to direct some of that work to DFL.
The possibility exits to strengthen the arrangement with MDA in to a P3 with MDA funding or
financing some of the capital costs of DFL upgrades, and promoting the facility internationally.
In addition to the DFL, the Institute for Aerospace Research (IAR) at the National Research
Council of Canada (NRCC) is a leading, world-class facility for acoustic testing. It has been
conducting acoustic testing of satellites and other space equipment since the 1970s. DFL relies
heavily on the ability of IAR for large scale random acoustic testing of space equipment
Integration and test facilities also exist on as smaller scale at CSA Headquarters in St. Hubert,
and the Space Flight Laboratory (SFL) at the University of Toronto Institute for Aerospace
Studies. The SFL is focused on low-cost microsatellites and nano-satellites typically for
technology demonstrator and science satellite missions.
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MDA also has its own environmental test facilities at its Ste. Anne de Belleville location. It has a
small thermal/vacuum chamber, a vibration table and an RF test range.

Launch Facilities
Canada does not have its own launch capability. The Fort Churchill range in Manitoba was used
in the 1950’s to launch Black Brant rockets that were used for many years for suborbital flights
to study the atmosphere. Though Churchill has been essentially unused since the 60’s, there
have been attempts by the private sector to rejuvenate it, but to no avail.
Canada not only lacks a launch facility but also its own launcher. To develop a micro-satellite
launcher, it has variously been estimated to cost $100-150 million and take up to ten years to
develop. This would seriously detract from other space program priorities that are already
under-funded. It would give Canada a capability to launch micro-sats, but not the larger
satellites such as RADARSAT. The cost to develop a launcher for large satellites could easily
consume the entire CSA budget for a number of years.
There is considered to be an overcapacity in the launch sector internationally. Ten countries
have demonstrated independent orbital launch capabilities and several more are currently
developing one, so there is unlikely to be an international market for a Canadian launch facility
or launcher. Neither is there a sustainable domestic market. Developing such a capability
cannot be justified on economic grounds. The only justification might be if a case could be made
to do so in the strategic national interest, to reduce the dependence on foreign launches of
critical Canadian space assets. Of course if the private sector can make a business case, there
is no reason why they should not undertake such a development as was done in the US by
SpaceX. However this is considered unlikely without substantial Government backing.

Training Systems and Facilities
The Canadian Space Agency operates the Mobile Servicing System (MSS) Operations
Complex as part of Canada’s participation in the International Space Station. It includes
systems and facilities for the training of astronauts. The MSS Operations Training System
(MOTS) is a simulator for training mission specialists to operate the MSS including Canadarm2,
the Mobile Base System and Dextre. The Virtual Operations Training Environment (VOTE)
provides astronaut training in a virtual reality environment, from which to observe the
Canadarm2 movement in three dimensions. The Canadian MSS training facility provides
workstations and other training aids in a classroom setting, to train instructors and mission
specialists for MSS robotics operations on the Space Station; and mission controllers for
ground-based operations at the Mission Operations Complex. These facilities have been highly
successfully in their support for the Canadian Space Station Program (CSSP).

Data Reception and Management
Canadian Space Agency
The CSA currently relies on the NRCan satellite receiving station for its RADARSAT-1 data
reception. The CSA is considering the establishment of a ground station in Resolute Bay with
both uplink and downlink capabilities to support a variety of space missions.
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Natural Resources Canada
NRCan has satellite receiving stations located at Gatineau, Quebec and Prince Albert,
Saskatchewan for the reception and archiving of X-band data. NRCan has received EO data
from RADARSAT-1/2, Envisat (ASAR/MERIS), ERS-2 (SAR/LBR), Landsat satellites and NOAA
AVHRR. These receiving stations date from the 1970s and are in need of reassessment. In
2010 a new receiving station was installed at Inuvik. It was developed in partnership with other
public sector and private sector partners.
NRCan‘s Canada Centre for Remote Sensing (CCRS) also manages Canada’s EO satellite
data archive which is in excess of 500 terabytes. The satellite data archive is important to
Canada’s future. It constitutes a 40-year environmental history of the Canadian landmass,
coastlines and waters. The demand for accessing historical data as well as near-real time data
will increase in the coming years. The data archive will therefore continue to expand to meet
user needs as new satellites come on stream.

Department of National Defence
The DND is building four satellite data reception facilities as part of its Polar Epsilon Project.
The facilities will be located at Masstown, N.S. and Aldergrove, B.C. They will have the
capability to receive RADARSAT-2 Synthetic Aperture Radar (SAR) data and NASA Moderate
Resolution Imaging Spectroradiometer (MODIS) data. The Aldergrove station will include a
RADARSAT-2 SAR data processor.

Environment Canada
EC owns and operates 15 satellite reception systems for weather data including one at Resolute
Bay, Nunavut. EC has receiving stations for reception of weather satellite data from NASA’s
Geostationary Operational Environmental Satellite (GOES) and Polar Orbiting Environmental
Satellites (POES) systems and the European polar orbiting MetOp satellite system. EC currently
supports data capture from 12 satellites and expect to support an additional 9 satellites in the
near future with satellite data volumes growing at 20% per annum.
EC is currently considering additional investments in satellite ground infrastructure to ensure
access to the next generation of weather satellite data.

Department of Fisheries and Oceans
The DFO relies heavily on departmental partnerships with EC and DND. In cooperation with
them it operates a regional network of marine earth observation (EO) data reception, processing
and product delivery facilities for ocean research, environmental monitoring, illegal fishing
monitoring and Coast Guard support.

MDA’s Geospatial Services (previously RADARSAT International)
MDA owns and operates a SAR processor for processing of RADARSAT 1 and 2 data, for
which it has exclusive rights for worldwide distribution. MDA receives RADARSAT 1 and 2 data
(and some other EO data) via the network of NRCan ground stations. MDA’s Geospatial
Services division processes and distributes it to ends users and value added resellers.
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Other Private Sector Organizations
There are numerous private sector organizations that own/operate ground based space
infrastructure. Examples are:


Newfoundland-based C-CORE has a facility to process SAR data and generates valueadded products and services from several missions for the European Kopernikus / Global
Monitoring for Environment and Security (Kopernikus/GMES) initiative.



Iunctus Geomatics Corporation owns and operates a ground station in Lethbridge, Alberta
to receive, process and distribute satellite electro-optical data from the French SPOT
satellites. Iunctus Geomatics and its partner TELUS Geomatics are considering investing in
a northern facility, possibly in Inuvik Kopernikus / Global Monitoring for Environment and
Security (Kopernikus/GMES)with the potential participation of European partners

Operations and Command Systems
MSS Operations Complex - Space Operations Support Centre:
The CSA Space Operations Support Centre (SOCC), part of the MSS Operations Complex
(MOC) was established to monitor and analyze MSS operations, provide crew and ground
personnel training, logistics support, and real-time operations support. It consists of an
operations control room, networking equipment, audio and video equipment, and software to
support NASA in the operation and maintenance of the MSS.

CSA Payload Telescience Operations Centre
The Payload Telescience Operations Centre (PTOC) was
developed to support the integration and operation of CSA
scientific payloads aboard the International Space Station in real
time. It provides the CSA’s mission manager, operations
engineer and mission scientist with a direct communications link
to NASA's Payload Operations Center in Alabama.

RADARSAT-1 Mission Control System
The CSA operates the RADARSAT Mission Control System from its premises in St. Hubert,
Quebec. The Mission Control System (MCS) consists of the Mission Management Office (MMO)
which is responsible for planning and scheduling of the data acquisitions of the RADARSAT-1
satellite; the Mission Control Centre for generating the commands to the satellite and the
Telemetry, Tracking and Control (TT&C) antennas at St. Hubert and Saskatoon, to provide the
uplink to the satellite. These antennas are the property of MDA who shares them with CSA.
MDA uses them for RADARSAT-2. The St. Hubert antenna is also used by CSA for the SCISAT
mission. These TT&C facilities are not sufficient for future requirements including those for the
RADARSAT Constellation Mission (RCM), Canadian Polar Communications and Weather
(PCW) and several other potential missions. The CSA is considering the establishment of a
ground station in Resolute Bay with both uplink and downlink capabilities to support a variety of
space missions.
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MDA - RADARSAT-2 Operations Management System
MacDonald, Dettwiler and Associates Ltd. (MDA) owns and operates the RADARSAT-2
Operations Management System which consists of the Acquisition, Reception and Planning
System, Spacecraft Control System and the TT&C and S-Band communications facilities at St.
Hubert and Saskatoon for the commanding of the RADARSAT-2 satellite.

Telesat Canada
Telesat Canada (Telesat) owns and operates a fleet of 12 geostationary communication
satellites (Aniks, Nimiqs and Telstars) and through extensive ground infrastructure, including
satellite control facilities in Ottawa, network operation facilities at various locations, and a
network of antennas operating at C-, Ku-, and Ka-band. Telesat is planning to launch two more
geostationary satellites in the next few years.
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International Space Infrastructure
Overview of the International Space Sector
The OECD has estimated the total annual space budget for thirty-five of the most active space
faring nations at approximately US$ 65 B with the US budget representing approximately twothirds of that or roughly US$ 43 B. In addition, it has estimated that space related products and
services amounted to between US$ 150 and 165 B in 2009. A large portion of that is
associated with ground-based infrastructure in support of space based assets. In many
countries, most notably the US and European countries, several government departments or
organizations allocate budgets to space activities.
Telecommunications represents the largest commercial space market and by far the largest
component of the ground infrastructure supporting space based assets. However, the majority
is, as noted, commercial, private sector activity, not owned and/or controlled by government.
This sector has grown largely as the result of broadly based satellite television broadcasting
markets (approx. US$ 70 B annually) and the increased demand for telecommunications more
generally (over US$ 11 B annually).
It is of note that the OECD 2011 report indicates that the main satellite operators will reach the
end of a cycle over the next three years (2012-2015), having placed all the contracts for
replenishing their respective fleets of satellites. Subsequent demand for satellites is expected
from the ‘new’ space nations, a target of opportunity for Canada..
Another large and rapidly growing space sector is that of geopositioning (GPS and GLONASS).
Like telecommunications, however, much of the geopositioning ground based infrastructure
(with a few notable exceptions) is commercial, owned and operated by the private sector. The
space-based systems (satellites) themselves are government owned. This subsector represents
approximately US$ 15 B annually.
The third most significant component of the ground based infrastructure in support of space
assets is that of satellite EO. The market for satellite earth observation is roughly US$ 1 B
annually. This subsector has significant government participation and appears to be a major
future growth area.
Ten countries have so far demonstrated independent orbital launch capabilities, and seven
countries (i.e. the United States, the Russian Federation, China, Japan, India, Israel and Iran)
and the European Space Agency (ESA) have operational launchers (Jaramillo, 2010). Brazil,
Korea and Indonesia aim to develop their own launchers over the next five years.19
Internationally the space sector relies heavily on government and quasi-government
organizations for R&D, and on demand for satellites of various types and for launch vehicles
and launches. In a majority of countries, national space projects are contracted out to national
industry.

19
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This report focuses on the most significant global players in space activities (NASA, ESA,
NOAA, US DoD, Roscosmos, JAXA, and CNSA) and briefly describes a number of other
countries which have facilities and/or capabilities that may be of specific interest to Canada.
Following are brief summaries of those international organizations and their ground
infrastructure in support of space based assets.
For some additional detail on the facilities and capabilities of each organization see Annex A.

National Aeronautical and Space Administration (NASA)
NASA is clearly the dominant entity in space activities globally. Its ground infrastructure in
support of space based assets is equally enormous and comprehensive, dwarfing that of the
rest of the world. The NASA budget of roughly US$ 18B represents approximately 40% of the
annual US expenditure on space programming which in turn is over a quarter of the total global
budget on space programming. The bulk of the other roughly US$ 25B making up the total
spending by the US on space is expended by the Department of defence (DoD) and NOAA.
NASA conducts its work in three principal organizations called mission directorates:


Aeronautics: pioneers and proves new flight technologies that improve our ability to explore
and which have practical applications on Earth;



Human Exploration and Operations: focuses on International Space Station operations and
human exploration beyond low Earth orbit; and,



Science: explores the Earth, solar system and universe beyond; charts the best route of
discovery; and reaps the benefits of Earth and space exploration for society.

Two thirds of NASA’s budget is spent on human space flight.
A brief summary of each of NASA’s many Centres and Facilities follows. The roles and related
infrastructure of each is described below under the categories described in the Introduction
section of this report.


Ames Research Centre: plays a critical role in virtually all NASA aeronautical and space
exploration endeavours, conducting the research and developing the technologies that
enable NASA missions;



Dryden Flight Research Centre: focuses primarily on atmospheric flight research and
operations;



Glenn Research Centre: originally called the Aircraft Engine Research Laboratory it
researches, designs, develops and tests innovative technology for aeronautics and
spaceflight. More than 3,400 highly skilled scientist, engineers, technicians, administrative
and support personnel work at Glenn, including civil servants and on-site contractors;



Goddard Space Flight Centre (GSFC): a major U.S. laboratory for developing and operating
unmanned scientific spacecraft. Goddard manages many of NASA's Earth observation,
astronomy and space physics missions. Goddard owns and occupies 1,121 acres of
property and includes more than 30 buildings that provide more than 3 million square feet of
research, development and office space;



Goddard Institute for Space Studies: a component laboratory of GSFC’s Earth Sciences
Division;
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Wallops Flight Facility: primarily a suborbital research and launch facility, with 6,188 acres
of land and 84 major buildings, including aircraft hangars;



Independent Verification and Validation (IV&V) Facility: for testing and validation of mission
software. Managed by GSFC;



White Sands Test Facility: testing of rocket engines and more recently ground based
antennas for spacecraft communications and data receiving. Managed by Johnson Space
Center in Houston;



Jet Propulsion Laboratory: dating back to the 1930s, arguably the world leader in rocket
propulsion - first rocket firing in October, 1936. Managed by the California Institute of
Technology for NASA. Extensive background in solid and liquid rocket propulsion systems,
guidance, control, systems integration, broad testing capability, and expertise in
telecommunications using low-power spacecraft transmitters and very sensitive Earth-based
antennas and receivers. Budget of roughly US$ 1.6B, employs 5,000 persons and occupies
72 hectares (177 acres);



Johnson Space Centre (JSC): NASA’s main centre for human spaceflight activity – includes
NASA’s Mission Control Centre. Occupies over 1700 acres and 200 buildings, and employs
roughly 14,000. All NASA astronauts train at JSC;



Kennedy Space Centre (KSC): largest and most well known launch complex for government
and commercial space access. Total expenditure at KSC in 2010 over US$ 2.2B, including
operations at KSC under a separate contractual (Space Program Operations Contract
(SPOC)) arrangement with JSC. Employed over 13,600 persons in 2010. Has more than
87 reimbursable agreements which have the potential to generate some US$ 700M in
budget-offsetting revenue. KSC has increased its efforts to expand and strengthen
partnerships with private and public organizations;



Langley Research Centre: the US first civilian aeronautics research laboratory; annual
budget in 2009 of US$759 million; employs about 3700 scientists, engineers, technicians,
mission support personnel and clerical personnel, roughly half of which are contractors.
NASA Langley is replacing its aging building infrastructure;



Marshall Space Flight Centre (MSFC): development and testing of space vehicles, space
systems and rocket engines.
It emphasizes propulsion and space transportation,
engineering, science, space systems and space operations, and project and program
management. MSFC also includes the Payload Operations Center - the science command
post for American and international science activities on board the International Space
Station. This facility also supports shuttle launches, monitoring a range of propulsion
parameters;



Michoud Assembly Facility: managed by NASA MSFC, manufactures and assembles critical
hardware components for the space shuttle and exploration vehicles under development at
MSFC and other NASA field centres. This facility appears to be distinctly different in that it is
focused on manufacturing space equipment (it manufactured the Shuttle external fuel
tanks); one of the largest production buildings in the nation; includes a vertical assembly
building for stacking external tank components for the space shuttle program. Michoud was
scheduled to manufacture and assemble the upper stage of the Ares I rocket, the core stage
and Earth departure stage of the Ares V cargo rocket, and the Orion crew exploration
vehicle; and,
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Stennis Space Centre: used to test the Saturn V rocket engines and the Space Shuttle
engines; provides rocket propulsion test services for NASA, the Department of Defense, and
the private sector. Employs over 2,000. Surrounded by 125,000 acre acoustical buffer zone.
Shares the location with a number of federal, state, academic and private organizations and
several technology-based companies.

European Space Agency (ESA)
ESA integrates the work of the national space organisations of five key member countries and
fourteen other countries20. It employs over 2,000 with an annual budget of about 2.9 B Euros
(~US$ 5.38 B). Following is a brief summary of the key ESA establishments and ESA member
country organizations and ESA-related infrastructure:


European Space Operations Centre (ESOC): - (Darmstadt, Germany) - home of ESA’s
Directorate of Human Space Flight and Operations; linked to global network of tracking and
control ground stations;



European Astronaut Centre (EAC): (Cologne, Germany); training facility and home base for
all European astronauts;



European Space Astronomy Centre (ESAC): (Madrid, Spain): scientific operation centre for
ESA's astronomy and planetary missions, scientific archives; provides services to
astronomical research projects worldwide;



The European Space Research and Technology Centre (ESTEC): (Noordwijk, Netherlands):
largest ESA establishment and test centre; focused on science missions; comprehensive
test facility includes: multi-axis vibration and shaker systems, thermal vacuum and dynamic
test chambers, EMC test facility, acoustic test facilities;



Redu Centre: (Belgium) - controlling and testing a range of satellites as part of ESA’s
ground station network; home to the Space Weather Data Centre (as part of the ESA's
Space Situational Awareness Preparatory Programme); hosts multiple steerable antennas
operating in a variety of frequency bands;



ESA’s centre for Earth observation (ESRIN): (Frascati, Italy): manages the ground segment
for ESA and third-party Earth observation satellites, maintains the largest archive of
environmental data in Europe, coordinates over 20 ground stations and ground segment
facilities in Europe and cooperates with another 20 ground segment operators worldwide;
home to ESA’s Directorate of Earth Observation Programmes; hosts the management of the
Vega small-launcher programme;



Guiana Space Centre (CSG): (Kourou, French Guiana), Europe’s gateway to space. 96,000
hectares, employs 1500 people, drawn mainly from the French space agency CNES,
Arianespace and European industry. ESA is the owner of the launch and launcher
production facilities and finances a significant part of the fixed costs of the launch base.
CSG is ideally sited for launching satellites, in particular because it is close to the equator;
and,



Centre National d'Études Spatiales (CNES): is the French government space agency.

20

Canada is the only Associate Member of ESA
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o

Launch Vehicle: CNES is the main participant on the Ariane launch vehicle;
designed and tested all Ariane family rockets’.



UK Space Agency is a partnership of the UK government departments which are active in
space. Through the UK Space Agency, the partners provide delegates to represent the UK
on the various ESA governing bodies. Each partner funds its own programme within this civil
space program. .



Italian Space Agency (ASI) promotes, coordinates and conducts space activities in Italy.
Operating under the Ministry of the Universities and of Scientific and Technological
Research, the agency cooperates with numerous entities active in space technology and
with the president of the Council of Ministers. Internationally, the ASI provides Italy's
delegation to the Council of ESA and to its subordinate bodies.



German Aerospace Centre (DLR): is the national research centre for aviation and space
flight of the Federal Republic of Germany and of other member states in the Helmholtz
Association.



National Institute for Aerospace Technology (Madrid, Spain): Public Research Organization
specialized in aerospace research and technology development in Spain. Between other
functions, it serves as a platform for space research and acts as a significant testing facility
for the aeronautic and space sector in Spain.

The ESA member states maintain and operate other national space research and development
facilities including:


Madrid Deep Space Communication Complex (Madrid, Spain): Madrid Deep Space
Communications Complex; ground station used by Spain as well as a part of the NASA
Deep Space Network; five antennas operating at S, X, and L, frequency bands;



El Arenosillo Launch site (Robledo de Chavela, Spain): launch of atmospheric sounding
rockets;



Broglio Space Centre (Kenya): Italian spaceport used primarily as a communications ground
station;



International Space Innovation Centre (ISIC): (Hartwell, England);



Italian Aerospace Research Centre (CIRA): (Capua, Italy); Space plane technology; Centre
for Space Geodesy (CGS) (Matera, Italy); and Balloon Launch site (Trepani, Italy); and,



German Aerospace Centre: (Gottinberg, Germany); test and research institute for aviation
and space flight; aerodynamics laboratory.

National Oceanographic and Atmospheric Administration
NOAA's National Environmental Satellite, Data, and Information Service (NESDIS) manages
data relating to the Earth and solar environments. It consists primarily of the facilities as follows:


Office of Satellite Products and Operations (OSPO): manages the operation of central
ground facilities which process, and distribute environmental satellite data and derived
products to domestic and foreign users;



Argos Data Collection System (DCS): an environmental data collection relay system that
consists of in-situ data collection platforms equipped with sensors and transmitters and the
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Argos instrument aboard the NOAA Polar-orbiting Operational Environmental Satellites
(POES); and,


GOES Data Collection System (DCS): a data relay system used to transmit observations
from surface based environmental platforms through NOAA's geostationary satellites, for
delivery back to the platform owner.

US Department of Defense
Under the United States DoD Air Force Space Command (AFSPC) is responsible for the military
space program in the US and for ballistic missile warning systems.


Military Communications Wing develops, acquires, and sustains space-enabled, global
satellite-based communications;



Global Positioning Wing develops, acquires and maintains the fleet of Global Positioning
System (GPS) satellites, their associated ground control equipment, and end-user
technologies;



Infrared Space Systems Directorate develops, acquires, and sustains space-based infrared
surveillance, tracking and targeting capabilities for missile early warning/defense, battle
space awareness and technical intelligence;



Launch and Range Systems Wing develops and acquire expendable launch systems and
manages launch integration, mission assurance and launch campaigns, and provides range
systems for space launch missions and ballistic missile and aeronautical testing. AFSPC
operates launch ranges on the East Coast (Cape Canaveral) and West Coast (Vandenberg)
from which military satellites for communications, surveillance, weather and global
positioning are launched. Launch facilities are available for Delta II (now out of service),
Atlas V, Delta IV, Taurus and Minotaur rockets. The two ranges are also used for NASA and
commercial launches; and,



The Space Launch Complex at Vandenberg Air Force Base in California has been used
since 2006 for unmanned Delta IV launch vehicles for southward launches into polar orbits
vs. eastward launches for geosynchronous orbits which typically occur from Florida. Since
polar orbits allow full, regular, global coverage they are often used for earth-mapping, earth
observation and reconnaissance satellites, and some weather satellites. The Vandenburg
facility represents launch infrastructure that would be attractive for the launch of Canadian
polar orbiting satellites such as the proposed Polar Communications and Weather satellite.

Some additional information on the Air Force Satellite Control Network (AFSCN), Air Force
Research Laboratory Air Force Maui Optical Station (AMOS) and associated Maui Space
Surveillance System (MSSS) and Air Force Space Surveillance System (AFSSS), is provided in
Annex B.

Japan Aerospace Exploration Agency (JAXA)
JAXA operates from and conducts research and development at local launch sites, test facilities
and observatories at many centres, sites and facilities across Japan. The roles, capabilities and
facilities of each are briefly described:


Tsukuba Space Centre (TKSC): a consolidated facility with world-class equipment and
testing facilities for space development. Conducts research and development of both
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satellites and rockets, and controls and tracks launched satellites. The Japanese
Experiment Module (JEM) "KIBO", part of the International Space Station, was developed
and tested at TKSC. Conducts astronaut training;


Uchinoura Space Centre (USC): launched sounding rockets for atmospheric research,
scientific satellites and conducts tracking and data receiving. Antennas to receive telemetry
from satellites to track and control them while in the earth orbit;



Taiki Aerospace Research Field: research in aerospace technology primarily aircraft vs.
spacecraft and scientific balloon-borne experiments;



Sagamihara Campus: research and development in space technology including the
development and testing of experimental equipment for rockets and satellites; launches
scientific satellites, planetary probes and scientific balloons for atmospheric and space
observation. Development and integration of space science research;



Chofu Aerospace Centre (CAC): R&D in aerospace. Conducts large scale testing aerospace
testing. Operates a large wind-tunnel test facility and a super-computer;



Noshiro Testing Centre (NTC): test facilities for research and development in highperformance rockets and engines including the Air Turbo Ramjet (ATR) engine designed for
the Reusable Launch Vehicle;



Kansai Satellite Office: technical support and space business consultations mainly to
companies and universities who are interested in the space business. Operates facilities for
small satellite thermal vacuum and vibration tests;



Tanegashima Space Centre (TNSC): largest rocket-launch complex in Japan (9,700,000
square meters). Management of satellites at every stage including countdown, launch, and
tracking. Includes: a launch site for large-size rockets like the H-IIA and H-IIB Launch
Vehicles, Spacecraft Test and Assembly Buildings, Spacecraft and Fairing Assembly
Building, Masuda Tracking and Communication Station, Uchugaoka Radar Station and
optical observation facilities;



Kakuda Space Centre (KSPC): research and development in rocket engines particularly
development and testing of liquid-fuel rocket engines to be installed in rockets such as the
H-IIA. Developing reusable rocket engines for reusable space-transportation systems, and
an air-breathing combined-cycle engine which will be used during atmospheric flights. High
Enthalpy Shock Tunnel;



Ogasawara Downrange Station: radar antennas to check flight trajectories, status, and
safety of Tanegashima Space Centre (TNSC) launches. The data received is immediately
transmitted to the TNSC;



Earth Observation Centre: development and use of space based earth observation
technology. Reception, storage and processing of earth observation data;



Usuda Deep Space Centre (UDSC): deep space probe operations and data reception using
a large parabolic 64 m antenna for X-band communications at 8 GHz;



Katsuura Tracking and Communication Station: satellite TT&C station;



Masuda Tracking and Communication Station: satellite TT&C station. Sends data to
Tsukuba Space Centre. Operates precision radar for launch vehicle tracking; amd,



Okinawa Tracking and Communication Station: satellite TT&C station.
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Russian Federal Space Agency (Roscosmos)
The Russian Federal Space Agency commonly called Roscosmos (frequently abbreviated as
FKA or RKA) is the government agency responsible for the Russian space science program and
general aerospace research. Roscosmos is one of the partners in the International Space
Station Program (ISSP). Roscosmos’ budget is approximately 150-175 billion rubles or
approximately CAD$ 5 B. Current priorities of the Russian space program include the new
Angara rocket family and development of new communications, navigation and remote sensing
spacecraft as well as the construction of a new spaceport at 51 degrees north in the Russian
Far East
Roscosmos’ ground infrastructure includes:


Launch facilities: Baikonur Cosmodrome in Kazakhstan (manned and unmanned) and
Plesetsk Cosmodrome in northern Russia for military launches. The military counterpart of
the Roscosmos (Military Space Forces (VKO)) controls Plesetsk Cosmodrome. Roscosmos
and VKO share control of the Baikonur Cosmodrome, where the Roscosmos reimburses the
VKO for the wages of many of the flight controllers during civilian launches. The Roscosmos
and VKO also share control of the Yuri Gagarin Cosmonaut Training Centre. Russia plans to
construct a new spaceport, the Vostochny Cosmodrome, at 51 degrees north in the Russian
Far East. It is intended to reduce Russia’s dependency on the Baikonur Cosmodrome, and
enable Russia to launch most missions from its own country. Russia currently pays
Kazakhstan for use of the Baikonur Cosmodrome. Rockets launched from Vostochny will
be able to carry close to the same payload as those launched from Baikonur. Construction
of the Vostochny Cosmodrome began in January 2011 and is expected to be completed in
2018. The chief of Roscosmos has committed 20 billion rubles (~US$ 700M) for Vostochny
for 2012 and a Russian decree transferred 9,663 hectares of land for its construction. One
2009 estimate indicates the construction will cost 400 billion rubles (~US$13.5B);



The Yu. A. Gagarin State Scientific Research-and-Testing Cosmonaut Training Centre
(GCTC): training facility located in Star City, Russia where cosmonauts live and receive their
training. Contains facilities such as full-size mockups and simulators of all major Russian
spacecraft, zero-gravity training aircraft, a planetarium and infrastructure to perform
simulated g-loads, mission specific/suit training, medical observation/testing and
astronavigation;



Rockets and launch vehicles: Soyuz family (7.5 - 8.5 tons to LEO), Proton (>20 tons to
LEO); new development of Angara rocket/launch vehicle; launches for resupply to ISS. After
the initial ISS contract with NASA expired, Roscosmos and NASA, with the approval of the
US government, entered into a space contract running until 2011, according to which
Roskosmos agreed to sell NASA spots on Soyuz spacecraft for approximately $21 million
per person each way (thus $42 million round trip) as well as provide Progress transport
flights ($50 million per Progress as outlined in the Exploration Systems Architecture Study.



Main mission control for space flight operations Centre is located in Korolev; and,



Geopositioning: GLONASS global navigation satellite system has for many years been one
of the top priorities and has been given its own budget line in the Russian federal space
budget. In 2007, GLONASS received approximately US$380 million, and as of 2008, an
additional US$2.6 billion will be allocated for its development in the future. It typically has
consumed close to one third of the total budget for Roscosmos.
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Recently the CSA has received Cabinet approval to proceed to negotiate a treaty with Russia
on economic cooperation. The International Economic Commission (IEC), a key forum for
Canada-Russia commercial and economic cooperation, is co-chaired by Canada’s Minister of
International Trade. Canada and Russia have started negotiations toward a bilateral space
cooperation treaty and explored opportunities under a science and technology cooperation
statement. Through this forum Canada and Russia have created a working group on space
which is due to meet in 2013. These actions should facilitate Canadian industrial access to
Russia.

China National Space Administration (CNSA)
The China National Space Administration (CNSA) is part of the Commission of Science,
Technology and Industry for National Defense (COSTIND). It has the responsibility for China’s
national space policies and for managing the Chinese space science, technology and industry.
CNSA has signed space cooperation agreements with more than a dozen countries including
Canada. Canada’s MOU with China, originally signed in 1996 was renewed in 2001.
Accurate, reliable information on the Chinese Space Program is not as readily available as for
other countries. For example, accurate budget numbers appear to be difficult to verify, however
publicly available information on the Internet indicates CNSA’s budget is between US$ 500M
and US$ 1.3B. The latter number is estimated by Euroconsult.
CNSA works with several universities and institutes in China, and, similar to Russia and its
predecessor the Soviet Union, has established several “Space Cities” that have a very heavy
focus on space activities.


Launch Facilities and Vehicles: China has two suborbital launch sites (e.g. sounding
rockets) and four major launch centres. The Long March rocket is produced by the China
Academy of Launch Vehicle Technology, and satellites are produced by the China
Aerospace Science and Technology Corporation. The latter organizations are state-owned
enterprises; however, it is the intent of the PRC government that they not be state-managed
and that they behave much as private companies would in the West.



Satellite Tracking and Control: a fleet of six large military satellite tracking ships (approx
21,000 tons), an integrated space monitoring and control network consisting of eleven
stations (major stations in Beijing and Xian) throughout China, in addition to four tracking
stations in other countries including Pakistan, Kenya and Namibia; also a deep space
tracking network of four radio antennas; It also shares some space tracking facilities with
France, Brazil, Sweden and Australia.

Other Significant Space Players
Brazilian Space Agency
The Brazilian Space Agency has been responsible for the Brazilian space program since it was
transferred from Brazilian military control in 1994.


Launch Facilities:
o

the Alcântara Launch (Space) Center (Alcantara, Brazil) which is the world’s launch
site located closest to the equator, giving it an advantage for launching
geosynchronous satellites; and
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o

the Barreira do Inferno Launch Center, located in Parnamirim, Brazil. Barreiro has a
more limited capacity, focusing on launching sounding rockets, and supporting the
ALC.



Alcântara Cyclone Space (ACS): Brazil and the Ukraine created the Alcântara Cyclone
Space (ACS) bi-national company whose purpose is cooperation in the use of the Cyclone-4
Launch Vehicle at the Alcântara Space Center (ASC). The company was capitalized initially
at US$ 4.5M with the intent to grow to US$ 105M. Brazil successfully launched its first rocket
into a suborbital space mission from the ASC in 2004.



Launch Vehicles: Brazil has been developing its own four stage launch vehicle, simply
called the VLS (the initials of the Portuguese words for Satellite Launch Vehicle). Although
its first three prototypes failed to launch the country is proceeding with the fourth prototype
which it expects to launch in 2013. It is also developing other launch vehicles in cooperation
with Russia under the Southern Cross Program. The five rockets of the Southern Cross
family will be based on Russia's Angara vehicle and liquid-propellant engines. The Brazilian
government is planning to allocate $1 billion dollars to the Southern Cross Program in the
next six years.

Norwegian Space Centre (NSC)
The NSC, a government agency under the Ministry of Trade and Industry, promotes the
development, co-ordination and evaluation of national space activities and cooperates with
ESA. One of NSC’s stated principal goals is to “maintain a leading role in space-related ground
infrastructure”.


Ground Station Networks: NSC owns 50% of Kongsberg Satellite Services AS (KSAT), a
commercial enterprise. Kongsberg21 owns the other 50%. KSAT operates a network of
interconnected polar ground stations (e.g. Tromso Satellite Station (TSS) and Svalbard
Satellite Station (SvalSat)) optimally positioned for access to polar orbiting satellites. It also
operates a satellite station in the Antarctic (Troll Satellite Station). KSAT supports over 60
satellites including high resolution SAR and electro-optical satellites. It provides earth
observation data and services.



Satellite based Search and Rescue: Tromso Satellite Station also operates a Local User
Terminal for the COSPAS/SARSAT satellite-based search and rescue system.



Launch Facilities: NSC owns 90% of the commercially operated rocket range The Andoya
Rocket Range (ARR) in Norway for sounding rocket and scientific balloon operations
launched from Norwegian territory. Kongsberg Defence & Aerospace owns the remaining
10%.

KSAT could be considered the global leader in providing ground station network services
including telemetry, tracking and control (TT&C) and data acquisition services, especially over
the pole(s).

21

Kongsberg is an international, knowledge-based group that supplies high-technology systems
and solutions to customers engaged in the oil and gas industry, the merchant marine, and the
defence and aerospace industries.
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Because Canada and Norway share a similar northern geography with concomitant
infrastructure challenges, a cooperative initiative in ground infrastructure for or employing
space-based assets may prove to be of mutual benefit.

Indian Space Research Organization (ISRO)
ISRO has established facilities for the development of satellites and launch vehicles and their
testing; launch infrastructure for sounding rockets and satellite launch vehicles; telemetry,
tracking and command network; data reception and processing systems for remote sensing.
A number of academic and research institutions as well as industries participate in the Indian
Space Programme.


Launch Facilities: Satish Dhawan Space Centre (SDSC SHAR) has infrastructure for
launching satellites into low earth orbit, polar orbit and geostationary transfer orbit. The
launch complexes provide complete support for vehicle assembly, fuelling, checkout and
launch operations and facilities for launching atmospheric science sounding rockets.



Tracking Facilities: Telemetry, Tracking and Command Network (ISTRAC) provides mission
support to low-earth orbit satellites as well as launch vehicle missions. ISTRAC has its
headquarters and a multi-mission Spacecraft Control Centre at Bangalore. It has a network
of ground stations five locations in India and another four in other countries.



Indian Deep Space Network (IDSN): forms the ground segment for providing deep space
exploration support for the Chandrayaan-1 and include a 32 metre Deep Space Antenna,
an 18 metre Antenna Terminal, an 11 metre Antenna Terminal, Indian Space Science Data
Centre (ISSDC) and a Technical Services complex.



National Remote Sensing Centre (NRSC): remote sensing satellite data acquisition and
processing, data dissemination, aerial remote sensing and decision support for disaster
management. NRSC has a data reception facility at Shadnagar, with four state of the art
antenna systems; digital image processing and a GIS Lab.



Decision Support Centre (DSC): provides a single window of near real time information for
major natural disasters like floods, agricultural drought, forest fires, cyclones, earthquakes
and landslides.
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The Future of Space
Overview
In examining the future of space, it is useful to consider the needs and opportunities in the
context of the requirements for key market segments or applications. For this purpose the
markets have been segmented into the following applications areas, each of which is discussed
in more detail in the sections that follow:









Space Exploration and Space Science;
Environmental Monitoring & Management;
Resource Exploitation (Mining/Forestry/Agriculture/Oil & Gas/Fisheries);
Defence & Security;
Emergency Management & Response;
Transportation;
Health & Education; and,
Broadcasting.

In all cases, and particularly in those segments based upon the use of remote sensing data, the
volume and scope of space data will significantly increase over the next decades as hundreds
of new satellites are launched by a growing number of countries.
There are many satellite missions, including missions consisting of constellations of satellites,
being planned22. These missions will provide a unique opportunity for Canada to exploit its
technological, geographic and geo-political advantages as discussed further in this report.
These missions will also provide increases in the volume of payload data while stimulating
demand for more and new products and services. The annual volume of payload data available
will likely increase by two orders of magnitude with increasing amounts of this data required in
near-real time to meet operational requirements. The remote sensing satellites in particular – a
mixture of government-owned and privately operated assets – will result in the need to reexamine the current business and EO data commercialization models.
Canada has been a pioneer and continues to be a leader in space based EO mission planning
and deployment and has developed an extensive archive of EO data. The anticipated expansion
of EO data – based upon both national and international missions planned – may require a
significant expansion of, and improvements to, Canada’s EO data archive, access,
dissemination and exploitation capability and capacity. The potential exists for Canada’s EO
22

The Federated Ground Infrastructure for Satellite Missions, The Case for Action, draft, January 20,
2012
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data holdings to reach a much broader audience than the current traditional EO data user
communities.
Internationally, the US, Europe and others are providing free and unencumbered access and
use to much of their historical EO data holdings - setting up initiatives to process and publish
EO data for Internet access promptly after data reception. These initiatives are allowing their
citizens to access EO data as well as allowing their private sector companies to create value
added products. The benefits of open government data are well documented, including at the
Government of Canada Open Data Portal23.
The North will open. Transportation, resource development, tourism and social and economic
development will dictate new requirements for the space sector. Satellite communications,
satellite surveillance and remote sensing will provide solutions to the unique problems of the
North.
There will be new and complementary data available that will include: C-band, X-band, and Lband radar, high-resolution panchromatic and multispectral, and medium resolution
multispectral and hyperspectral data. With an increasing volume and variety of data sources,
these future requirements can only be met with an integrated and comprehensive set of mission
control and data reception capabilities.
Canada will see an increase in both the demand and need for international partnerships;
partnerships driven by a desire to participate in complex space exploration and space science
projects, continue development of strategic space technologies and industrial capabilities,
share and barter data, and procure launch capabilities. Canada’s geography offers an
opportunity given that many – if not most – of these satellites will employ polar orbits and fly
over the Canadian Arctic several times per day. This will present opportunities to take full
advantage of our geography, our experience and our expertise.

Space Exploration and Space Science
The CSA continues to hold space exploration as a cornerstone program within its portion of the
Canadian Space Program. As a participant in international initiatives such as the global
exploration strategy, Canada will continue to build scientific satellites and payloads and will
require telemetry, tracking, control and data capture capabilities.
SCISAT continues to use the St-Hubert and Saskatoon facilities currently owned and operated
by MDA but their capacities are limited. There are several additional scientific and technology
demonstration projects planned including the following:

23

Chinook/Stratospheric Wind Interferometer for Transport Studies (SWIFT),;
http://www.data.gc.ca/default.asp?lang=En&n=CA05CAF7-1.
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Near-Earth Object Surveillance Satellite (NEOSSat);



Cascade, Smallsat and Ionospheric Polar Explorer/ enhanced Polar Outflow Probe
(CASSIOPE/EPOP);



Maritime Monitoring and Messaging Microsatellite (M3Msat);



Canadian military space surveillance satellite (Sapphire); and,



Outer Radiation Belt Injection, transport, Acceleration and Loss Satellite (ORBITALS).

All of these missions will require TT&C and payload data downlink capacities that exceed
current capacity and capabilities.

Environmental Monitoring & Management
Canada has the second-largest landmass in the world as well as the longest coastlines and a
large percentage of the country is difficult to access. Canada has environmental challenges.
With a fragile northern environment Canada has a vital interest in understanding and mitigating
the effect of climate change. Several unique atmospheric and geomagnetic phenomena
affecting life on Earth occur over Canada. These factors create issues for which space-borne
observation is a powerful and cost-effective tool.
Environmental monitoring is an important function of government. It includes monitoring
conditions on Earth as well as monitoring and forecasting weather across the country and the
development of climate models. The ability to do this is greatly enhanced and in some cases
made possible by satellites offering EO and meteorological services.
EO satellites, both optical and radar, are used to monitor the state and extent of wetlands and
their seasonal variations; monitoring glaciers, their rate of flow and the extent to which they are
receding; monitoring the change in the permafrost caused by global warming which effects
infrastructure such as buildings and pipelines situated or planned for in northern areas;
monitoring shorelines for coastal erosion and changes in Arctic coastal ecosystems; monitoring
and reporting on the state of Canada’s national parks for ecological integrity; and detecting and
monitoring oil spills in the ocean. In many remote and northern regions satellite services provide
the only practical means to gather this type of data.
The ability to do all of the above can be greatly enhanced by satellites offering EO and
meteorological services. Indeed in many remote and northern regions satellite services provide
cost effective solutions where the alternatives are either not practical or are prohibitively
expensive. Environmental issues will become increasingly important as the effects of climate
change and the risks and impacts of pollution continue to escalate. Satellite systems are being
implemented throughout the world to help address these issues. In Canada, our focus has to be
on the north, an area that is becoming better served in terms of EO with the RADARSAT
satellites as well as other polar orbiting EO satellites.
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Weather satellite data is provided by the geosynchronous satellites operated by NOAA, and the
polar orbiting satellites operated by both NOAA and EUMESAT. EC owns a network of 14
direct readout stations across the county, including a station in Resolute. Even so
meteorological services in high latitude regions are not up to the same standards as in the
south. Currently, there is no source of meteorological data over the Arctic with sufficient
temporal and spatial resolution to be used in weather prediction. That not only makes weather
forecasting in the Arctic extremely difficult, but also has a detrimental effect on accuracy of
weather forecasting in Canada, North America and globally, as the processes in the Arctic have
a significant effect on global weather. Looking to the future, the CSA is considering a new
system operating in a highly elliptical orbit designed to provide weather data specifically for the
north. Additional investments in the EO reception network will be required to ensure access to
this as well as the next generation of conventional weather satellites.

Resource Exploitation (Mining/Oil & Gas/Forestry/Agriculture/ Fisheries)
Natural resources are major sectors of the Canadian economy, and increasingly they are being
exploited in remote regions.
Mining and Exploration
Development of non-renewable resources in northern Canada represents one of the most
important economic drivers to provide for the well-being of communities in the North and for the
benefit of all Canadians. The private sector annually invests hundreds of millions of dollars in
mineral exploration in the three territories. Geoscience information is the cornerstone upon
which much of these investment decisions are made.
The availability and consistency of EO satellite data sets enables geoscience products to be
created with consistency in different regions of interest and over wider areas than ever before,
making EO data an attractive source of information for decision-makers. NRCan produces
various integrated geoscience map products using RADARSAT and other space-based sensors
to serve the resource exploration sector.
Forestry
Forests not only constitute a renewable natural resource, they also contribute to a healthy
environment and to the quality of life. Sustainable forest management is therefore essential. EO
satellites provide a cost-effective means of obtaining information, products and services in
Canada’s vast, and often inaccessible forested areas. Earth observation is used for assessing
and mapping forest biomass, monitoring of clear-cutting, monitoring of insect defoliation and
assessing the impact of wildfires.
Agriculture
Agriculture and Agri-Food Canada (AAFC) needs to annually inventory crops across Canada’s
large and diverse agricultural landscapes. They are adopting techniques using space based
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Earth observation to implement a cost-effective means to deliver accurate crop inventories, with
consistency and reliability.
Soil moisture is a critical variable for agricultural production, with wet or dry extremes imposing
a risk to seeding, crop growth and harvest activities. AAFC is developing methods and data sets
to monitor soil moisture conditions in Canada at various scales using satellite imagery from
Earth observation satellites.
Fisheries
Illegal fishing is a major cause of fish stock depletion. Canada has taken an active role in
combating this practice within Canadian waters, and works with international partners outside
our Exclusive Economic Zone. For example Canada is a member the North Pacific Anadromous
Fisheries Commission which also involves US, Japan, Russia, and South Korea. Canada has a
commitment to conduct operations related to the deterrence of illegal High Seas Drift Net
(HSDN) fishing in the North Pacific.
The DFO uses satellite (RADARSAT-2) data to detect the approximate size, position and
bearing of vessels. The data is analysed along with species migration patterns, sea-surface
temperatures and historic illegal activity to identify areas of high threat. Aircraft or Coast Guard
vessels can then be dispatched to take further enforcement action.

Defence, Sovereignty & Security
The Canada First Defence Strategy “requires the Forces to be aware of anything going on in or
approaching our territory, deter threats to our security before they reach our shores, and
respond to contingencies anywhere in the country. Specifically, it means that the military will
maintain the capacity to:


Provide surveillance of Canadian territory and air and maritime approaches;



Maintain search and rescue response capabilities that are able to reach those in distress
anywhere in Canada on a 24/7 basis; and,



Assist civil authorities in responding to a wide range of threats – from natural disasters to
terrorist attacks.”.

Canada’s Arctic sovereignty and security remains a top priority for the Canadian government
and is an important aspect of Canada’s Arctic foreign policy. Canada’s sovereignty over the
lands and waters of the Canadian Arctic is long-standing and well-established and based on
historic title. The exercise of that sovereignty is vital to demonstrate that Canada is taking care
of what is Canada’s. Securing our Arctic is an important part of exercising Canadian
sovereignty.
Amongst the steps being taken to support Canada First objectives, and Arctic
sovereignty/security in particular, is the Polar Epsilon project. The Polar Epsilon system will
provide enhanced surveillance capabilities for DND, which will improve their ability to act quickly
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in the event of a crisis. It is being developed to address the need of the Canadian Forces (CF)
to improve surveillance capabilities over the Arctic and other large areas of responsibility. Polar
Epsilon will be space-based wide area surveillance and support capability that uses information
from the RADARSAT-2 satellite. This includes the surveillance of Canada’s Arctic region,
including its ocean approaches, the detection and tracking of foreign vessels, and support to CF
operations globally. Polar Epsilon will mark a significant step toward strengthening Canada’s
sovereignty and security in the Arctic. Its capability to enhance CF situational awareness is due
to its RADARSAT-2’s ability to provide all-weather day/night surveillance in areas where other
sensors are limited or unable to operate. An upgrade to Polar Epsilon will come about in the
2016/17 timeframe when the CSA plans to launch the next generation in the RADARSAT series
- the three satellites of the RCM.
A gap that currently exists in CF the ability to effectively operate in the high Arctic is good,
reliable and consistent telecommunications at latitudes north of 70 degrees, where
geosynchronous satellites become ineffective. The CSA is considering a new system, operating
in a highly elliptical orbit designed to provide high quality high capacity communication services
at Ka and X-band, throughout the Arctic.

Emergency Management & Response
There are many Federal and Provincial departments and agencies involved in various aspects
of emergency management and response. At the international level, the CSA is a signatory to
the International Charter - Space and Major Disasters which “aims at providing a unified system
of space data acquisition and delivery to those affected by natural or man-made disasters. Each
member agency has committed resources to support the provisions of the Charter and thus is
helping to mitigate the effects of disasters on human life and property”.
Floods
Flood mapping techniques have been developed at the CCRS that utilize data from Canada’s
RADARSAT-1 and RADARSAT-2 satellites. The resulting flood maps are provided in near-real
time and can be used to overlay on pre- and post-flood images. Requests for flood maps are
made by PSC and DND, who use them to assist in situational awareness for decision support
and planning. These services have been invoked to aid in the emergency response for flooding
events of the Red River in Manitoba, the Fraser River in British Columbia, the Richelieu River in
Quebec and the Saint John River in New Brunswick.
Urban Damage Assessment
Events such as earth quakes cause much damage to buildings in urban areas. In the immediate
post event timeframe a rapid assessment of the damage is required in order to direct
emergency crews to where they are most needed. Satellite imagery, delivered in near real time
can play an important role in support of relief operations. In order to be really effective it is
necessary also to have up-to-date pre-event imagery so that comparisons can be made. This
requires regular image acquisitions over high risk areas so as to be well prepared in the event of
a disaster. The Canada Centre for Remote Sensing (CCRS) is developing just such a capability.
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Landslides
The CCRS has developed techniques for applying satellite-based data to map ground
movements associated with geo-hazards to monitor various types of landslides along strategic
transportation and pipeline corridors. The focus is on different triggering mechanisms and rates
of movement. Data from RADARSAT-2 has been demonstrated to be an effective geohazard
monitoring tool for active geohazard sites affecting critical infrastructure.
Forest Fires
The challenge of managing fire is to find ways to effectively balance the positive ecological
aspects of fire with the negative environmental, social and economic impacts. The Government
of Canada (GoC), through Natural Resources Canada's Canadian Forest Service (CFS), makes
an important contribution to fire management.
The Government has developed information systems that use advanced technologies, such as
space-based EO data, to monitor and report on forest fire activity at a national scale.
Observations from space can be used to assess the risk of wildfires and thus aid in the planning
for wildfire management. For example RADARSAT-2 images can be used for mapping fuel
moisture in forested areas. Fuel moisture content is one of the most important parameters in
predicting wildfire behaviour. It determines how much fuel is available for burning, the ignition
point, combustion rate and ultimately, how much fuel is consumed.
The GoC is required, under international agreements to report on carbon emissions from our
forests. A computer-based system, Fire Monitoring, Accounting and Reporting System
(FireMARS), has been developed that uses data inputs based partially on the detection and
mapping of fires from several thermal infrared satellites such as NASA`s Moderate Resolution
Imaging Spectro-radiometer (MODIS). This is combined with spatial fire data from the Canadian
Wildland Fire Information System (CWFIS) to estimate the annual carbon emissions from
Canadian forest fires.
Federal, provincial, and territorial governments are developing new ways of understanding and
characterizing wild land fires in Canada. A new Canadian EO instrument, called NIRST (New
InfraRed Sensor Technology), can monitor forest fires and measure fire fuel consumption from
space and will allow Canadian fire managers to monitor fires that cover as little as 1/10th of a
hectare. Detecting fires at this scale allows early firefighting effort, and therefore has immense
potential to minimize the damage and improve tracking on the carbon emissions from fires.
Oil Spills
The deliberate illegal discharge of oily wastes from ships traveling in Canadian waters poses a
serious threat to the conservation and protection of the marine environment. Environment
Canada is the lead agency in a program based on the use of satellite imagery, aimed at
deterring illegal discharges of oil at sea and assist with the collection of evidence that is needed
to prosecute marine polluters.
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Integrated Satellite Tracking of Pollution (I-STOP) is a satellite surveillance program for
the detection of possible discharges of oil due to marine transportation and offshore oil
production. It is a collaborative initiative that uses satellite image information from the
RADARSAT satellites to direct surveillance aircraft to suspected marine pollution incidents to
ascertain if there is an oil spill. It enables the routine monitoring of waters under Canadian
jurisdiction through the collaboration and coordination of surveillance resources from multiple
federal departments and agencies and private industry.

Transportation
Transportation within Canada’s North has been, and continues to be, problematic with a limited
transportation infrastructure as
a result of the Arctic weather
and ice24. While much has been
said about the potential for
significant
shipping
traffic
through the Northwest Passage,
the pace of change has been
slow but steady.
In 2010 a 162,000 tonne vessel,
the Russian tanker Vladimir Tikhonov, traversed the Arctic from Murmansk to the Bering Sea. It
carried 120,000 tonnes of gas condensate to Thailand and made the Arctic crossing in 7.5 days.
A total of 34 vessels traversed the Arctic in 2010.
The use of the North-West Passage through Canada’s high-Arctic Islands will reduce the
shipping time between Rotterdam and Shanghai by 15%. However, the risk, cost and
unpredictability of Arctic shipping will preclude significant container shipping – the bulk of marine
shipping – from employing the Arctic in the foreseeable future.
Nonetheless, interest in the North has intensified as a result of the changing climate –
opportunities now exist for the development and exploitation of the North’s resources, an
improved regional arctic transportation infrastructure, some use of the Northwest Passage for
shipping and destination travel for tourism. Additionally, Canada can expect to see an increased
number of non-cooperative surface and sub-surface vessels appearing in Canadian waters.
To support these developments, Canada will need to increase the availability of space based
infrastructure (satellites) to support these developments, and the ground-base space
infrastructure required to support these space-based assets. This will extend from improved
communications through to increased data to support ice mapping and ocean monitoring,
weather monitoring and forecasting, ice and iceberg surveillance and vessel tracking.
24

The Arctic: Transportation, Infrastructure and Communication, John Christopher
Infrastructure and Resources Division, Eleanor Fast 24 October 2008
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New developments – such as the requirement for ships-at-sea above 300 gross tones to carry
an Automatic Identification System (AIS), an anti-collision system allowing for the monitoring of
ship traffic along the coast – will provide opportunities for Canada.

Health & Education
Canada’s Northern Strategy has identified support to Northerner’s well-being as a fundamental
objective. The accomplishment of this objective can be well served by space-based assets and
their associated ground-based infrastructure.
As noted in A Matter of Survival, Arctic Communications Infrastructure in the 21st Century25,
connectivity provides people with a sense of security and society – across the country – is
becoming more dependent upon communications services for their health and wellbeing;
physical, mental and emotional. The ability of satellite communications to create information
links will have significant and broad benefit to Canadians, particularly in the north and remote
communities.
These information links will provide direct benefit to health care by providing the ability to
transfer complex electronic health data such electronic health records and imaging data
The cost of delivering universal, quality healthcare in Canada is soaring, somewhat in response
to an aging population and development of new procedures, new technology and new means of
treating ailments and illnesses, especially in large urban centres. This challenge extends
beyond Canada to much of the developing world where shortages of doctors and primary health
care provide a significant incentive to the development of telehealth26.
The ability to deliver health care to remote and rural communities has been precluded by the
difficulties in attracting medical practitioners, the cost of specialized equipment/facilities and the
inability to achieve economies of scale in thinly populated regions. Telehealth is now
transitioning into the mainstream with high-speed telecommunications technology. This has
increased both the amount of information that can be transmitted and the speed of transmission.
Physicians can now remotely diagnose and treat a wide range of health problems and the
potential exists – via telerobotic surgery – to address an increasing number of health care
needs.
In many rural and remote locations terrestrial communications modes are either insufficient to
deliver the services required by telemedicine (conventional phone lines) or unavailable (cell
phone networks or high-speed fiber optic cable networks). Space technology development can
25

A Matter of Survival, Arctic Communications Infrastructure in the 21st Century, Arctic Communications
Assessment Report, Imaituk Inc., April 30, 2011
26

Telehealth in the Developing World, Richard Wootton, Nivritti G. Patil, Richard E. Scott, and Kendall
Ho, Royal Society of Medicine Press, IDRC / 2009-01-01, ISBN: 978-1-85315-784-4 / 324 pg., e-ISBN:
978-1-55250-396-6
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assist in meeting these challenges. They can contribute to improving healthcare by enabling
remote communities to have direct access to urban healthcare professionals and services. With
access to reliable broadband satellite communications, much can be done to improve the
effectiveness, practicality and attractiveness of telemedicine.
Canada is well positioned to take a leading role in the development of a national broadband
telemedicine network incorporating satellite communications technology for healthcare for
remote, rural and northern communities. Progress is being made in this regard through the
recently announced $155M National Satellite Initiative, led by Industry Canada. This program
will use the approximately $60M in Anik F2 Ka band satellite communications capacity allocated
to the government by Telesat as a result of the government’s assistance in the development
phases of that program. Ultimately, this could lead to the development of a national healthcare
telemedicine network that is more generally accessible to the citizens of Canada.
A number of telehealth and telemedicine-related programs, projects and initiatives have been or
are currently being undertaken by various levels of government and government-related
organizations in Canada. Through meetings with officials in several departments and agencies,
the study team was able to develop an overview of the opportunities for the use of space and
space technologies in telehealth.

Broadcasting
Canada’s Northern Strategy has committed Canada to promoting economic and social
development in the North. To ensure the sustainability of our Northern Communities and to
strengthen the social fabric, people must be connected across cultures and electronic
connectivity is increasingly key to making these social and cultural connections. While television
service to the North exists, it is limited. While the internet is available in large parts of the North,
coverage is not complete and where it exists it is slow and expensive. In order to lay the
foundation for a growing and sustainable North, the Arctic will require an improved broadband
infrastructure.

The Canadian Advantage
Technology
There are several key technology areas in which Canada has concentrated its efforts and
investment in space. This has resulted in internationally recognized important experience and
expertise in the space sector for Canada and has been instrumental in creating an advantage
for Canadian industry that can be leverage in the international marketplace. These areas are
critical to our reputation amongst the international space community and to our space industry’s
ability to leverage this advantage in the international market place.
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Communications
Any discussion of Canadian prowess in space technologies must begin with satellite
communication. From the early days of the Anik program through the transfer of satellite
services to the private sector, Canada has been ready to develop and test leading edge
technologies for future operational services. Today, satellite communications (SatCom) services
are driven by largely commercial interests and generate the largest commercial revenues in the
global space sector. Much of this success is the direct result of an initiative by the federal
government in the 1960s to partner with key Canadian communications carriers to develop a
domestic, satellite-based communications capability for Canada-wide coverage and service.
To that end and following the creation of Telesat Canada in 1969 (with both private and public
ownership) Canada was the first in the world to develop a national domestic commercial satellite
communication service. Telesat Canada launched Anik 1 in 1972. Anik 1 operated in
geosynchronous orbit in the 4-6 GHz range (C-band) and enabled the transmission of television
signals across the country. This was particularly important in bringing TV to the Canadian North.
In 1976 the Government (under the former Department of Communications)
launched an experimental geosynchronous communications satellite called
Hermes. Hermes brought two major advances: it pioneered communications in
the 12-14 GHz range (Ku-band) and, it was, at the time, the most powerful
communications satellite in the world. High power from the satellite meant that
much smaller and cheaper earth stations could be used to receive the signals.
It would even be possible for individual home owners to have their own
antennas to receive television signals directly from the satellite.
In 1978 Telesat launched the first of the Anik B satellites which carried both Cband and Ku-band transponders. This ushered in the era of Direct Broadcast Satellite service
whereby individual home owners to could receive television signals directly from the satellite via
small 1.2 metre antennas.
The Anik C series (1982) provided increased capacity and significantly more power. A further
increase in capacity and power came with the Anik E series (1991). The Anik F1 was launched
in 2000. It is equipped with 84 communications channels of which 32 operate on the Ku Band
and 24 on the C-band for North America; the remaining 16 Ku Band and 12 C band channels
serve South America.
Anik F2, launched in 2004, is one of the largest, most powerful communications satellites ever
built. It commercialized the use of the Ka band, ideal for the delivery of multimedia services
such as high-speed Internet, telemedicine, telelearning, teleworking and e-commerce – another
Canadian “first”. The Anik F2 carries a series of 24 C-band channels, 32 Ku-band channels and
38 Ka-band channels.
Anik F3 was launched in 2007. Telesat has made two channels available for the Government to
use to serve public institutions in remote and/or underserved areas of Canada.
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The next generation, Anik G1 to be launched in 2012 will also carry three X-band transponders
(8-12 GHz) for use by civil and military agencies that increasingly rely on commercial satellites.
The above illustrates Canada’s pioneering role in satellite communication, with many “firsts”.
Canada has been highly successful in transferring the bulk of SatCom to the private sector
(Telesat) with the result that commercial SatCom sector is today self- sustainable. As a result
Canadian Government funding in this area has decreased and now represents only a few
percent of the total spending in the Canadian Space Program. Nevertheless the Government
continues to have a stake in the future of SatCom with consideration being given to vastly
improved communications in the far north, and next generation broadband satellite systems
utilizing Q-band (30-50 GHz) or V-band (50-75 GHz), initiatives that would not be taken by the
private sector acting alone.

Remote Sensing
Canada has been in the forefront of satellite remote sensing since 1972 when the CCRS was
created to receive, process and analyse data from the first US Landsat satellite, also launched
that year. Since then CCRS has become a world-renown centre of excellence, not only in
optical satellite remote sensing, but also in infra-red and radar. CCRS has built up an archive of
satellite remote sensing data going back to 1972, obtained from all of the Landsat satellites as
well as French, German, Italian, Japanese, European and Canadian satellites
Canada's Earth Observation Remote Sensing Program began in 1975 with a report to Cabinet
entitled Satellite and Sovereignty. In 1980, following early trials
using data from NASA, the Department of Energy, Mines and
Resources (EMR) initiated preliminary technical and feasibility
studies for the RADARSAT satellite, which would carry a remote
sensing SAR.
SAR is a powerful microwave instrument that is able to operate
through clouds, fog, smoke, and darkness and obtain high-quality
images of the Earth in all weather, day or night
In 1989, responsibility for the RADARSAT program was transferred to the new Canadian Space
Agency and the development of the program continued. In 1994, the Long-Term Space Plan II
established Earth observation as a major thrust of the Canadian Space Program.
RADARSAT-1 was launched in 1995 and is still operating. It was the first truly operational SAR
satellite in the world. Operated by the CSA, it provides data to Government users for resource
management, environmental monitoring, support for Canadian sovereignty in the Arctic, and
support to foreign and defence policy around the world. Excess capacity is marketed on a
commercial basis worldwide by a private sector organization, MDA Geo-spatial Services.
RADARSAT-1 was designed for 5 years of operation. It has been working for 17 years.
Following the promulgation of LTSP II, work was started on a second generation system,
RADARSAT-2 that would involve a greater involvement by the private sector. The new system
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advanced the state of the art in SAR technology. Launched in 2007, it is owned and operated by
MDA and provides high quality imagery to both Government and commercial users.
The CSA has now embarked on a new program, the RCM. This is envisioned as a 3-satellite
system, building on the experience from RADARSAT-1 and 2. RCM has reverted to the
Government-ownership model and is focused on Government needs, which have expanded
considerably since the launch of RADARSAT-1. It again advances the technology and,
combined with the processing techniques developed by CCRS, is keeping Canada on the
leading edge in space based radar technology.

Robotics
Because of their very high cost, many large space programs undertaken through international
partnerships. Canada has successfully contributed to such programs by specializing in and
developing world-class expertise and competitiveness in certain key niche fields. Since 1975,
when NASA entrusted the development of the Remote Manipulator System for the Space
Shuttle, Canada has become a world leader in space robotics.
The Shuttle Remote Manipulator System (SRMS) or Canadarm is a remote-controlled
manipulator attached to the shuttle and used in space for deploying, capturing and repairing
satellites, positioning astronauts, maintaining equipment and moving cargo. It was first used in
1981 aboard the second Shuttle mission. It was also used later in the assembly of the
International Space Station. Canadarm is 15 metres long and functions like a human arm with,
two joints at its shoulder, one at its elbow and three at its wrist. Five Canadarms were supplied
to NASA, one for each of the Shuttles. A total of 90 missions were flown before the Canadarm
was retired along with NASA’s entire Space Shuttle fleet in 2011. Canadarm always performed
flawlessly.
Canadarm established Canada's international reputation for robotics innovation and know-how,
and this was exploited in Canada’s contribution to the
International Space Station (ISS). For this, the Mobile
Servicing System was developed consisting of Canadarm 2,
the Special Purpose Dextrous Manipulator or Dextre and a
Mobile Base Unit. Canadarm 2, a larger more sophisticated
version of Canadarm, was first installed on the ISS in 2001. It
played an important role in the construction of the ISS and
remains on the station for conducting maintenance on the
station, moving equipment and supplies, supporting astronauts
working in space and handling payloads attached to the space
station. The Mobile Base System (MBS) is a moveable work
platform that slides on rails to move Canadarm2 along the length of the space station. It was
installed in 2002. A big step forward was made in 2008 when Dextre was added to the space
station. Dextre is essentially a robotic hand used for a range of tasks, including many of the
routine tasks previously done by astronauts during risky spacewalks. It can be moved around at
the end of Canadarm 2. It has seven joints that allow movement in all directions and is capable
of removing and replacing components that require precise handling.
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The supply and maintenance of robotic systems to NASA has established MDA Space
Missions, as a world leader in robotics. Industrial returns include the sale of robotic components
to Japan and Europe; the sale of simulators; and the development of robotic systems for the
nuclear industry and medical applications.
Building on the Canadarm heritage further work is being done on the next generation
Canadarm, with a range of components that could be used for on-orbit servicing, re-fuelling of
spacecraft or capture and docking of two spacecraft. These functions can be accomplished
remotely by an operator on the ground.
Work has also been done recently to develop early ground-based prototypes of robotically
controlled rovers that would maintain Canada’s enviable reputation as a world-class leader in
space robotics and advanced space technologies and place Canada in a favourable position for
a contribution to a future international manned exploration mission to the Moon.

Vision Systems
The technology on which Space Vision Systems are based was developed at Canada's National
Research Council laboratories in the 1970’s. In 1990 the technology was transferred to Neptec
Design Group for development of a system that would fly on board the Space Shuttle. The
Space Vision System (SVS) is designed to enhance astronauts' vision in the difficult viewing
conditions of space. It provides information on the exact location, orientation and motion of a
specified target, helping astronauts to perform precise tasks in the extreme lighting conditions.
The SVS uses 2D video cameras as sensors. These cameras monitor a pattern of special target
dots placed on the object to be tracked. As the object moves, the system tracks the changing
position of the dots, calculates the 3D location of the object, and presents this information to the
operator.
The SVS had its space debut in 1992. Used in conjunction with Canadarm the SVS enabled the
Astronauts to manipulate payloads, which were out of sight. In 1998 the SVS installed on the
Shuttle was used to connect the two first modules of the Space Station.
The system has been upgraded many times since then, continuously enhancing its
sophistication and utility. It is now installed on the International Space Station (ISS) and
Canadarm 2. It is used for increasingly sophisticated tasks and helps to meet NASA's stringent
requirements for precision and safety.

Small Satellite Bus
In 2003 SCISAT, a small Canadian-built satellite carrying a scientific payload was launched into
orbit. The SCISAT bus was designed and manufactured by Magellan Aerospace. The bus, a
critical satellite building block, is made up of a number of subsystems; these include command
and data handling, attitude control, power subsystems, communications and tracking, thermal
control, the structure, and the flight software. The successful launch of SCISAT marked an
important milestone in acquiring a small-sat bus capability in Canada.
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The planned launch in 2012 of the Cassiope spacecraft, carrying a science payload and a
small-sat technology demonstration payload, is another step along the way to having a viable
Canadian bus capability. Building on the experience of SCISAT, Magellan Aerospace has built
the Cassiope bus which is considerably larger and is intended to be more generic.
Going a step further, the RCM satellites, planned for launch in the 2016/17 timeframe, will also
use a bus designed by Magellan Aerospace. Though it has to meet somewhat different
requirements, it capitalizes on the technology and sub-systems already developed for the
previous missions.

Radio Frequency (RF) Components
Space is a harsh and unforgiving environment and spacecraft components must be built to
exacting standards to withstand extremes of temperature, radiation, vibration and shock. The
failure of a single component on a satellite can jeopardize an entire satellite mission.
Engineering and manufacturing space-qualified components to these standards is highly
specialized. One of the few companies in the world with such a capability is COM DEV of
Cambridge Ontario.
COM DEV has been supplying space qualified microwave components since 1974. They have
built a reputation for highly reliability and have developed markets worldwide, with equipment
supplied to over 800 spacecraft.
COM DEV makes a range of RF components and subsystems including:


Ferrite-based RF switches;



Phase shifters;



Telemetry, Tracking and Command Transceivers (TT&C) for two-way radio communication
between a spacecraft and ground stations;



Downlink transmitters that provide a high speed data downlink to ground stations;



Microwave multiplexers and filters operating at C, Ku and Ka frequency bands



Electromechanical waveguide and coaxial switches;



Surface Acoustic Wave (SAW) filters.

Geography
Canada’s geography dictates a strategic imperative, and offers a strategic advantage. As
discussed earlier, Canada’s Northern Strategy is a priority of the Canadian federal government.
The climate changes underway in the arctic are expected to open the Canadian north to
increased marine traffic, resource exploitation and tourism. Advances in Global Positioning
Systems (GPS) technology will support increasing use of the transpolar route for commercial
aircraft. An increasing number of polar orbiting satellites will be launched, satellites capable of
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providing a range of data – data that can be employed in support of transportation, resource
management, weather and climactic monitoring, and security and defence. Projections for the
volumes and sources of such data indicate that, in many cases, nations and industries will lack
the capacity to receive and process these increased data volumes.
The Canadian geography offers the opportunity to exploit the growing need for satellite tracking,
control, and data capture for polar orbiting satellites, while advancing the Canadian agenda for
safety, security and sustainability within Canada’s north.

Geo-Political
Canada is one of the 10 major space faring nations and the third nation into space after the U.S.
and USSR; and Canada’s accomplishments in space are recognized internationally. Canada
history in space has been built on international cooperation and partnerships with all of world’s
major space nations. Canada is known as a committed, capable and dependable partner. Our
international reputation, our political stability and our history of cooperation in space and
elsewhere can be leveraged to provide us with a competitive advantage when addressing the
needs of the new and growing space community. Smaller countries with limited space sector
budgets but increasing need for resource and emergency management capabilities will find
Canada to be a desirable partner with useful geography, technology, capability, capacity and
experience.
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The Needs and Opportunities for Canada
Canada’s Need for Space Infrastructure
Canada has justly earned a reputation in the global space community and has consistently
“punched above its weight”. It was the third nation (after the USSR and the US to build and
launch an orbiting satellite (Alouette 1962) and the first in the world to have a national domestic
satellite communication service (Anik 1 1972). Canada has gone on to become a leader in
satellite communications, space based radar remote sensing and space robotics. It has a world
class satellite testing facility, an industry that competes internationally, a science community that
contributes significantly to the collective knowledge of the universe and an active astronaut
corps.
Space has become part of the critical infrastructures of Canada. It is an increasingly important
tool for the implementation of public policy, the delivery of key Government priorities and the
delivery of departmental mandates.
Internationally, government investments in space are dominated by the US (US$38B), followed
by Japan (US$2.1B) and France (US$1.8B). Yet Canada’s public investment in space as a %
of GDP is about half of the G-8 average. The ratio of public investment in space to national GDP
declined from 0.068% in 1994 to 0.021% in 2006. Canada now ranks ninth out of the world’s ten
leading space countries in its investment in space, whereas it was middle-ranked in the 1990s.
Clearly some catch-up is required.
Space infrastructure is essential to the support of satellite programs and space-based services
which are drivers to innovation and economic activity – returning as much as $4.9 for every $1
spent. It takes years to develop a space infrastructure which becomes a national asset which
must then be maintained, upgraded and expanded to meet evolving service requirements.
Failure to maintain this investment would result in a decline in the quality and diversity of
satellite services and a further erosion of Canada’s place among space-faring nations. The
effective investment by the CSA in Canada’s space infrastructure is projected to drop from
$232.1M in 2000/2001 to some $121.2M in 2013/2014 – a reduction in constant year dollars of
some 48%. The total Canadian government spending on space and space infrastructure is
difficult to measure as total investments in space extend beyond the CSA budget to include
spending within other departmental budgets which are not attributed to an overall space
program funding envelope. One would expect, but there is no hard evidence to support this
suggestion, that total overall planned spending in space has also seen a decline.
Nonetheless, there are examples of recent steps that the Government has taken in improving
and expanding Canada’s space infrastructure, through initiatives associated with Canada’s
recent defence, northern and innovation strategies, such as the building of satellite receiving
stations by DND in Aldersgrove, BC and Masstown and in the announcement in Economic
Action Plan 2012 of $23M over two years to NRCan for new satellite data reception facilities and
the development of a data management system. These new stations are necessary in order to
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realize the full potential of earth observation satellites, such as RADARSAT, in support of
sovereignty, public safety and economic competitiveness objectives.
With a huge landmass, the longest coastline in the world, and arctic waters that are increasingly
used for commercial shipping, Canada is becoming increasingly dependent on satellite
technology as a cost-effective means to monitor its land and borders and deliver critical
activities, including emergency services and to actively monitor Canadian waters for the
detection of ice, illegal shipping and oil spills.
Attracting and retaining high quality space researchers and promoting a strong space industry
directly support the economic aims of Advantage Canada and conversely, the implementation of
favorable business conditions such as lower taxes as envisaged in Advantage Canada will
support industrial growth and investment in R&D.
Canada must continue to strengthen its knowledge base. S&T capacity is more widely
distributed around the world today. To succeed in an increasingly competitive global arena,
Canadians must be at the leading edge of important developments that generate health,
environmental, societal, and economic benefits. Mobilizing Science and Technology to
Canada’s Advantage is focused on encouraging a more competitive and sustainable Canadian
economy with the help of science and technology. It recognizes that the most important role of
the GoC is to ensure a competitive marketplace and create an investment climate that
encourages the private sector to compete against the world on the basis of their innovative
products, services, and technologies. Canada must maximize the freedom of scientists to
investigate and of entrepreneurs to innovate. This Strategy also lays out a framework that will
guide intelligent and strategic investments of public funds.
Business innovation truly distinguishes an economy. Yet overall business research and
development (R&D) investments in Canada – beyond simply our investments in space - have
been lower than in most OECD nations. Advantage Canada’s actions to transform Canada’s tax
and business environment will help to make Canada an R&D and innovation leader. However,
as R&D is so important for modern economies, more needs to be done. While more direct
government investment in R&D is desirable, increased value and return at existing investment
levels can be achieved through better management, coordination and control of these
investments with coherent integrated cross-government department investment strategies.
Investments in space infrastructure need a comprehensive Space Policy and an associated
integrated management framework.
From the development of world-class diamond mines and massive oil and gas reserves, to the
growth of commercial fisheries, to a thriving tourism industry that attracts visitors from around
the globe, the enormous economic potential of the North is being
unlocked. International interest in the North has intensified because
of the potential for resource development, the opening of new
transportation routes, and the growing impacts of climate change. In
September 2007, satellite imaging verified that the Northwest
Passage had less than 10 percent ice coverage, making it, by
definition, “fully navigable” for several weeks. Reduced ice coverage and longer periods of
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navigability may result in an increased number of ships undertaking commodities shipping,
natural resource exploration and development, intra-community transportation and destination
travel for tourism.
The effects of environmental change, such as shifting and melting permafrost, melting glaciers,
shrinking ocean ice and a shortened season for ice roads could have significant cultural and
economic consequences for the people of the North, and the entire nation. Furthermore, new
development projects may increase the number of pollutants, threatening Northerners’ health
and the region’s fragile ecosystems.
Exercising Canadian sovereignty in the Arctic includes maintaining a strong presence,
enhancing our stewardship of the region, defining our domain and advancing our knowledge of
the region. Satellite technology plays an increasingly important role in providing cost effective
surveillance and communications in high latitudes. Polar Epsilon, DND’s space-based wide area
surveillance and support program, will use RADARSAT II to provide the Canadian Forces with
greater capacity to monitor Canada and its Maritime Boundary.
Together with the territorial governments, Canada is making progress to ensure territorial health
systems are more responsive to Northerners’ needs, patient wait times are reduced and
community level access to services is improved. Through the Territorial Health Systems
Sustainability Initiative Canada is working with the territories to reduce reliance on outside
health care systems and medical travel. Satellite services such as telemedicine can play an
important part in delivering health care in remote locations.
Through scientific collaboration with organizations such as the United Nations, World
Meteorological Organization, International Maritime Organization and the Arctic Council,
Canada is building the baseline of knowledge on the Arctic environment and forming important
partnerships around the world. To ensure Canada remains a global leader in Arctic science, the
Government of Canada committed to establish a new world-class research station in the high
Arctic.
Services based on satellite remote sensing, communications and telemedicine support many of
these Northern Strategy objectives.
The defence of Canada requires the CF to be aware of anything going on in or approaching our
territory, deter threats to our security before they reach our shores, and respond to
contingencies anywhere in the country. Specifically, it means that the military will maintain the
capacity to:


Provide surveillance of Canadian territory and air and maritime approaches. As activity in
northern lands and waters accelerates, the military will play an increasingly vital role in
demonstrating Canadian sovereignty;



Maintain search and rescue response capabilities that are able to reach those in distress
anywhere in Canada on a 24/7 basis; and,
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Assist civil authorities in responding to a wide range of threats – from natural disasters to
terrorist attacks.

The key space based capabilities that support these aspects of the Defence Canada strategy
are satellite remote sensing and satellite communications. An innovative R&D capacity and a
strong space industry directly support these strategic aims. In addition ground infrastructure in
the form of receiving stations and data processing facilities are essential to the operation of
these capabilities. Furthermore, in these times of shrinking budgets, it makes sense to make
intelligent use of technology where it can provide a cost-effective alternative to more traditional
approaches e.g. satellite surveillance rather than boots on the ground.
Canada’s Northern Strategy has identified supporting Northerner’s well being as a key objective.
It has been estimated that there are approximately 400 Canadian communities that are
considered “satellite-only” communities – communities far off a communications backbone
(described as 2 or more “hops” from a communications backbone). The needs of northern
communities for health, education and culture are growing and many can be addressed through
the use of space technology.
The report “Connecting for Better Health: Strategic Issues”27 recognized the important role that
space and space technology can play in delivering better health care to Canadians concluding
that: “To reach rural and remote communities and help extend the health info-structure across
the country, the securing of communications satellite capacity for health applications may be
necessary. Since a satellite footprint covers the entire country, it may be possible to aggregate
demand for such satellite channels across Canada's entire health system, thereby reducing
costs for participating health institutions.”
The development of development of space technologies, and the availability of the groundbased infrastructure required to support them, can make a significant contribution to ensuring
that Canada’s north is connected in support of telehealth, teleducation and television.

Departmental Mandates Supported by Space-based Data and Services
Department of National Defence (DND)
DND’s contribution to national, continental and international security include joint Arctic
sovereignty operations, routine maritime and NORAD operations to ensure the continued
security of our sea and airspace, and air, land, and maritime support to the North Atlantic Treaty
Organization (NATO), international maritime and anti‐drug trafficking operations, patrols
conducted by the Canadian Rangers, and fisheries patrols. Exercises conducted by the navy,
army and air force will allow the CF to continue to fulfill its mandate of monitoring Canadian air
and maritime approaches, as well as assisting other government departments (OGDs) and
27

Advisory Council on Health Info-structure, Connecting for Better Health: Strategic Issue (Interim
Report), September 1998
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agencies in demonstrating Canadian sovereignty. DND is becoming increasingly dependent on
satellite services in remote sensing and communications to deliver its mandate.
DND will continue to be a leader in the Canadian security and intelligence community, providing
the Government of Canada with high‐value geospatial, human, imagery, scientific and technical,
and signals intelligence capabilities, as well as independent all‐source intelligence
assessments.
The Polar Epsilon Project will complete its delivery of new satellite reception stations on
Canada's East and West coasts in fiscal year 2011‐12, providing key ISR capabilities exploiting
Canada's RADARSAT‐2 to enhance awareness of Canada's Arctic region and maritime
approaches, supporting both CF operational commanders and OGDs. Furthermore, the Joint
Space Support Project will deliver two space‐based situational awareness capabilities,
enhancing the tactical and operational effectiveness of the CF for planning and conducting
domestic and foreign operations.
Defence intelligence priorities reflect Canada's global security interests and concerns, and help
to focus the conduct of integrated Defence ISR activities. These include the persistent
surveillance of the Canadian Arctic, Canada's Exclusive Economic Zone (EEZ) and maritime
approaches, and Canadian airspace, through CF participation in NORAD. Together, persistent
surveillance and expert Defence intelligence analysis provide the Government of Canada with
advance warning and timely confirmation of incursions of interest and a detailed understanding
of a range of factors relating to those incursions. The collection and analysis of Defence
intelligence also supports the readiness of CF maritime, land, aerospace, cyber, and special
operations forces, as well as the planning and conduct of CF operations in defence of Canada
and North America, and in support of international security.
The CF will continue to deliver security at home by providing surveillance of Canadian territory,
air and maritime approaches, conducting sovereignty operations, including high priority Arctic
sovereignty operations, maintaining search and rescue capabilities and working with civil
authorities to respond to potential incidents ranging from natural disasters to other domestic
emergencies. To fulfill these goals, the CF will remain fully engaged with OGDs and agencies to
ensure a whole‐of‐government approach in their planning efforts.
In collaboration with partners (OGDs, Allied nations, Canadian industry, and academia),
Defence will advance close to 500 S&T projects addressing departmental and governmental
priorities. Defence S&T contributes to Advantage Canada by working closely with Industry to
progress new technologies more quickly into CF capabilities.

Natural Resources Canada
NRCan has a mandate to promote the development and use of remote sensing technology. It
operates ground receiving stations at Gatineau, QC and Prince Albert, SK that are used to
receive data from both domestic and foreign satellites. It also operates a comprehensive
satellite data archive and catalog system.
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NRCan has world class expertise geomatics and remote sensing. It uses satellite data to
support its own mandate and works in partnership with other government departments to
develop space-based applications to provide cost-effective means to deliver their mandates.
Sustainable natural resource development and management is central to the mandate of
NRCan and essential to the future of the natural resources sector. NRCan also provides
geoscience and geospatial information that contributes to the reduction of risks from natural
hazards, such as earthquakes, tsunamis and flood, as well as hazards arising from human
activities, and works with front-line responders to provide geographical information in the event
of an emergency. The department also provides accurate and precise geographic information
on the Canadian landmass, as well as information that will help Canadians mitigate and adapt to
the effects of a changing climate. It is a participant in the Northern Strategy.
Through the CCRS, NRCan receives data from many Earth observation satellites, including the
RADARSAT satellites, at its ground reception sites in Gatineau, QC and Prince Albert, SK. It
provides a long term archive on behalf of all departments.

Environment Canada
EC is the federal lead department on a wide range of environmental issues important to
Canadians. EC addresses these issues through research, policy development, service delivery
to Canadians, regulation and enforcement of environmental laws, and strategic partnerships.
The Department’s marine weather and ice forecasts and services support safe marine
transportation and Canadian Coast Guard (CCG) activities, particularly in the north. EC plans to
expand its domestic marine and ice services to provide a full suite of meteorological information
to the newly defined Arctic areas. As a sovereign and environmentally responsible polar nation,
Canada has committed to the International Maritime Organization to provide meteorological and
navigational safety information to facilitate the safe management of marine traffic in these areas.
EC makes use of satellite data across a wide variety of applications areas in support of its
mandate. In fact it is the largest Government user of satellite data. The most significant use is in
support of numerical weather prediction, weather forecasting, and ice and iceberg surveillance,
for which data from 12-15 satellite missions are required on a year-round, near-real time,
operational basis.
Space-based observations from a variety of operational and research satellites are also used for
climate research, ecosystem mapping, inland water science, and the enforcement of
environmental laws for habit protection and marine oil spills.
In order to enable access to the satellite data required for these applications, EC owns and
operates its own weather satellite reception systems. For EO satellite data it relies on the
NRCan receiving stations but has its own processing capability.
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Department of Fisheries and Oceans
DFO has a mandate to deliver the policies, programs, plans, and science needed to manage,
protect, and conserve Canada’s fisheries resources.
DFO is charged with the conservation, protection, and sustainability of Canada’s aquatic
ecosystems. The department promotes, regulates, and enforces compliance with legislation,
regulations, and measures designed to conserve and sustain Canada’s aquatic resources and
to protect species at risk.
A robust ocean science program involves monitoring key ocean parameters to better predict
ocean conditions and undertaking research to understand how changing oceans influence
ecosystems and climate. The data gathered is used to develop an array of prediction products,
services, and information used in everyday navigation, search and rescue, at-sea operations
such as offshore oil and gas, and strategies for adapting to the impacts of climate change. The
Canadian Hydrographic Service generates nautical charts and navigational products to help
ensure the safe navigation of Canada’s waterways.
The CCG has a mandate to facilitate the efficient movement of maritime commerce and help
ensure that Canadian waterways are safe and accessible. The CCG delivers icebreaking
services, which contributes to keeping Canadian ports and commercial channels open yearround. This support for efficient and safe navigation involves, among other things, providing ice
information, escorting ships through ice-covered waters, and freeing vessels caught in ice. The
CCG also transports goods and supplies to Northern communities and contributes to Canada’s
sovereignty in the Arctic. CCG also investigates all reports of marine pollution in Canada; and
leads and delivers the maritime component of the federal search and rescue system.
DFO has requirements for space capabilities that directly support departmental programs
relating to:
i.

Maritime Surveillance


ii.

Maritime Surveillance in support of programs that are designed to ensure compliance
with Canadian legislation, policies and fishing plans relating to the conservation and
sustainable use of resources. For space-based surveillance data, DFO relies on a
partnership with DND for access and collaboration.
Ocean Science Observations


iii.

Ships and in situ monitoring provide important water-column properties and ocean
surface information. Satellite remote sensing access provides addresses some of the
gaps and allows science information to be collected across as broad a range of
parameters and technologies.
Safe Navigation


The CCG needs to respond to rapid and accelerating technological change as
navigational services move away from traditional physical aids toward modern
electronic and information-based services for accurate and timely ice information. It is
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essential for CCG to optimize the efficiency of icebreakers and to provide recommended
ice routes to marine shipping. Satellite imagery, for which they rely on EC’s Canadian
Ice Service, assists CCG in this effort.
In conjunction with the partnerships with EC and DND, DFO operates a regional network of
marine weather data reception, processing and product delivery facilities for ocean research
and environmental monitoring.

Parks Canada Agency
Parks Canada Agency (PCA) operates 42 national parks, 13 of which are in the Arctic.
Parks Canada Act stipulates “maintenance or restoration of ecological integrity, through the
protection of natural resources and natural processes, shall be the first priority of the Minister
when considering all aspects of the management of parks”. PCA is required to submit to
Parliament a State of the Park Report on each of the national parks on 5-year cycle.
PCA Senior Management has endorsed the use of satellite remote sensing for monitoring the
national parks, especially the Arctic parks. A variety of optical and radar satellites, including
RADARSAT, are used and plans call for more highly developed applications.

Aboriginal Affairs and Northern Development Canada (AANDC)
Aboriginal Affairs and Northern Development Canada (AANDC) is the lead federal department
for two-fifths of Canada’s land mass, with a direct role in the political and economic
development of the territories, and significant responsibilities for resource, land and
environmental management.
AANDC is the federal department primarily responsible for meeting the Government of
Canada’s obligations and commitments to Aboriginal peoples, and for fulfilling the federal
government’s constitutional responsibilities in the North.
AANDC leads and co-ordinates federal efforts and partnerships under the government’s
integrated Northern Strategy, and implements its related initiatives, such as the Canadian High
Arctic Research Station. Sustainable economic development, an improved regulatory system,
environmental protection, and making the most of the tremendous potential of the land and
people of the North will contribute to increased employment and prosperity among Northerners.
The Canadian Northern Economic Development Agency, which provides integrated business
services north of 60°, is a key contributor to achieving the goals of the Northern Strategy.
In support of its mandate, AANDC is developing applications of satellite remote sensing for:




Permafrost monitoring for subsidence in the Mackenzie River Delta, the Mackenzie Valley
pipeline corridor and in Arctic communities affected by the melting of permafrost;
Near-real time monitoring of flood/water extent in areas in proximity to Indian Reserves and
Northern communities;
Acquiring information on river ice conditions along transportation corridors in the North;
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Creating and maintaining an accurate inventory of infrastructure on Reserves, Canadawide; and
Collecting data for surficial mapping in support of northern exploration.

Agriculture and Agri-Foods Canada
Agriculture and Agri-Foods Canada (AAFC) provides information, research and technology, and
policies and programs to help Canada's agriculture, agri-food and agri-based products sector
increase its environmental sustainability, compete in markets at home and abroad, manage risk,
and embrace innovation.
AAFC supports an economically and environmentally sustainable agriculture, agri-food and agribased products sector that ensures proper management of available natural resources and
adaptability to changing environmental conditions.
Sector innovation includes the development and commercialization of value-added agriculturalbased products, knowledge-based production systems, processes and technologies, and
equipping the sector with improved business and management skills and strategies to capture
opportunities and to manage change.
In support of these activities, AAFC is employing satellite remote sensing imagery to establish
annual crop inventories on a national scale; and to assess soil moisture availability, and monitor
changes in available soil moisture to assist in risk reduction strategies for the agriculture sector.
AAFC has been a leader in developing radar-based technologies for delivering agrienvironmental information and is continuing to pursue innovative research in parallel to
operational delivery.
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The Investment in Space Infrastructure
Developed somewhat independently over the years for specific requirements related to science,
meteorology and EO, Canada’s ground based space infrastructure is lacking integration and a
harmonized architecture. Often funding for ground infrastructure has been limited to project or
mission specific activities, such as RADARSAT-1/2, with no flexibility for future expansion or for
the replacement of aging facilities which may have exceeded their design life and are not
supported anymore by their manufacturer. For EO missions, the CSA and NRCan have
contributed to the ground systems for RADARSAT-1/2, Envisat ASAR/MERIS and ERS-1/2
SAR (Synthetic Aperture Radar) reception and archive at the NRCan Prince Albert and
Gatineau satellite stations, on a mission per mission basis, with CSA also covering the
incremental operation costs for receiving the data from these missions.
Facing similar coordination challenges in Europe, a Ground Segment Coordination Body 28
(GSCB) was created in 2005 under the leadership of ESA, to adopt a harmonized, wellcoordinated and cost-effective approach that addresses better the needs of users. The GSCB
participating members are: ESA, EUMETSAT, DLR (Germany), Agenzia Spaziale Italiana (ASI)
(Italy), CNES (France) and CSA (Canada). As Canada develops a well-coordinated approach
for the GoC ground infrastructure, Canada can learn from the best practices developed in
Europe.
There is a compelling argument across Government departments for greater coordination and
harmonization in the ground segment development, its operations and data exploitation. Such
interdepartmental effort is necessary in order to meet the growing and evolving requirements,
and to fully exploit the full potential of space-based data. A consensus among six departments
has led to the concept of an interdepartmental solution, shared data and services, and other
benefits resulting from the Federated Ground Infrastructure for Satellite Missions (FGISM).

Business Models
Investments will be required in the creation of an integrated coherent Canadian space
infrastructure that will serve the changing space segment market - a market characterized by
changing technology, increasing data volumes and sources, new products and services, near
real time data requirements and an increasing private sector presence. These investments must
be managed in the context of challenges to Canada’s fiscal framework and budget limitations
and therefore consideration should be given to alternatives approaches to the creation,
operation and maintenance of this infrastructure. This includes consideration for business
models that support increased private sector investment and participation.
There are four fundamental business models, with variations thereto, which can be employed to
support the design, construction, operation, maintenance and disposal of Canada’s space
infrastructure assets:


Public Ownership;

28

More information regarding the GSCB activities, and the documents developed by the group, can be
found at the following ESA web address: http://earth.esa.int/gscb/ .
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International Partnerships:



Public-Private Partnerships; and,



Private Ownership

The experience – in Canada and abroad – with these business models is mixed. Each of these
business models has their advantages and challenges.
There is no single business model that can be adopted for all space infrastructure investments.
Broadband projects such as Anik G1 and Polar Communications Weather constellation may be
well suited to private ownership or public-private partnerships given the market potential for the
services they deliver. Science, technology and remote sensing projects may be better served
through public ownership of a consolidated space infrastructure as advocated by the FGSIM.

Public Ownership and Operation
This business model has historically been adopted by most of the major space faring nations.
To date, much of Canada’s space infrastructure has been government financed, built, owned
and operated. In many cases, this infrastructure has been purpose-built by a single government
department to serve the needs of their departmental stakeholders. In other cases, such as the
David Florida Laboratory (DFL), Canada has developed a world class facility designed to serve
the needs of multiple government departments and the private sector.
The DFL is a government owned facility which first and foremost serves Government needs,
providing specialised equipment, facilities and personnel. On a cost recovery basis, DFL also
serves private sector and international customers. However, fee for service model is premised
upon the partial recovery of operations and maintenance costs but does not provide for the recapitalization requirements of obsolescence and innovation. Capital funds are drawn directly
from, and are dependent upon, the public purse.

International Partnerships
There are many examples of international partnerships in Canada’s space program, particularly
in the science and exploration where Canada partners with another country or group of
countries to pool expertise and share costs. The International Space Station (ISS) is perhaps
the prime example of an international partnership. Financially beyond the reach of any single
space agency, the ISS is a partnership of five participating agencies including the CSA.
RADARSAT-1 is an interesting example of multi-lateral co-operation. Launched in 1995, the
RADARSAT-1 remote sensing satellite – and associated ground-based infrastructure – is
owned and operated by the Government. Led by the CSA, there was also critical involvement by
CCRS as well as financial contributions from the provinces. There was also an international
partner, NASA, who contributed the launch of the spacecraft in return for data; and a
commercial component whereby a private sector organization, RADARSAT International Inc.
(now MDA-GSI) was granted access to satellite capacity, surplus to Government needs, and
worldwide data distribution rights to the sale of data in return for royalties on those sales.
Governance of the project was achieved through a series of MOUs between the CSA and the
various participants.
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More recently the installation of the Inuvik Satellite Station Facility was done as a
partnership among NRCan, EC, the Government of the NWT, the German space agency (DLR),
Swedish Space Commission and Iunctus Geomatics Corp. of Alberta.

Public-Private Partnerships
With the financial challenges faced by governments around the world, there is an increasing
interest in the use of Public-Private Partnerships29 for the development of public infrastructure.
The interest in P3’s extends to Canada where Public Works and Government Services Canada
(PWGSC) has developed a model30 that has been successfully applied to a variety of
infrastructure projects. These arrangements allow the public sector to spread the cost of
infrastructure investment over the lifetime of the asset and allow governments to focus on
outcomes instead of outputs. Performance-based and user fee supported, they create the
incentive for private partners to carefully consider life cycle costs, timely project delivery and
quality customer service.
The recent success in the US with a public-private partnership for the development of a space
launch capability (EELV) has demonstrated the value of such arrangements and is now
predicted to result in true commercial spaceflight. In a recent interview31, Elon Musk the CEO of
SpaceX speculated on future exploration beyond low Earth orbit and the role commercial
companies might play in it. He spoke specifically of the ability of the Dragon32 to land vertically
on the surfaces of alien worlds, such as the Moon or Mars; and the potential for the Falcon
Heavy which can deliver 53 metric tonnes into low Earth orbit, to conduct unmanned space
exploration missions has already been discussed. These developments would move much of
what has historically considered to be government only capabilities, into true commercial
ventures.
The European Data Relay Satellite System (EDRS) will be implemented in a Public Private
Partnership between the EDRS Operator and ESA. This to minimise the cost to ESA of
establishing a space based system. The space element is too small to justify a dedicated
geostationary satellite thus the partnership is to share space resources with an operator and
realise a mutual advantage for both ESA and the operator. ESA will fund the data relay
elements while the EDRS Operator will fund his Additional Operator Payload which will be
carried on the satellite in addition to the data relay payloads.
In a study of P3s in space33 it was suggested that with private partners assuming more
responsibility for public projects than in traditional approaches with the larger responsibility of
the private partner is expected to improve efficiencies of the project, these partnerships increase
29

Also known as Private Financing Initiatives (PFI) [UK] and Performance Based Infrastructure (PBI)
[California]
30

Public-Private Partnerships for High Technology Projects, Presentation to PWGSC Acquisitions, Cheryl
Nelms, December 2010
31

Elon Musk interview with CNBC

32

Space X Corporation

33

Public-private partnerships in space projects: an analysis of stakeholder dynamics, Thesis - Hashimoto,
Masafumi, Massachusetts Institute of Technology, 2009
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potential challenges such as conflicts of interest. The partnerships dynamics model developed
was applied to four space-related P3 cases: the European navigation system Galileo, the
Japanese navigation system QZSS, the Japanese launch vehicle GX, and the U.S. launch
vehicle families EELV.
The results predicted four key elements to improving the dynamics space-related PPPs:
1. set cost saving as the primary goal,
2. choose the government customer market, and
3. adopt conservative technical and demand forecasts.
The resulting research identified that the potential missions most suitable for future spacerelated P3 might be telecommunication, earth observation, and meteorological monitoring for
governments' use.
The first Canadian foray into P3’s for satellite systems was RADARSAT-2 which is a partnership
between the Government (CSA) and MDA. In this example MDA designed, built, owns and
operates the system. The program was funded by both partners. The CSA’s contribution
constituted a pre-payment for future Government data requirements. MDA, through its
subsidiary MDA-GSI, markets RADARSAT-2 data and services worldwide. RADARSAT-2 was
launched in 2007 and is operating successfully.
Although this business model is not being pursued for RADARSAT-2’s successor, the
RADARSAT Constellation, a P3 along more classic P3 lines is being considered for the yet-tobe-approved Polar Weather and Communication (PCW) mission as a means to spread the high
capital cost over many years, and transfer some of the risks to the private sector.

Private Ownership and Operation
There are many examples of satellite system private ownership and operation, though in a
number of instances such companies had their genesis in government initiatives. Of course
private ownership and operation only works where a commercial business case can be made.
This is primarily in the satellite communication and EO areas.
The prime example in Canada is Telesat and the Anik series of communication satellites.
Telesat came into being in 1969 when the Telesat Canada Act was passed into law. The
objectives of the company were “to establish satellite telecommunication systems providing, on
a commercial basis, telecommunication services between locations in Canada." The new
organization combined the proven telecommunications know-how and experience of the
Canadian telecommunications carriers with the financial and research resources of the
government. Three years later the first Anik satellite was launched, the world's first commercial
domestic communications satellite system to operate in geostationary orbit. In 1991 the
Government divested itself of its shares in Telesat and the company became a wholly private
sector corporation. Telesat is now one of the world's most experienced commercial fixed
satellite operator.
On the international scene Intelsat also started in the 1960’s on the basis of agreements signed
by a number of governments for international satellite communications services. In the late
1990’s it too was privatized. Similarly, Eutelsat was originally set up in 1977 as an
intergovernmental organisation to develop and operate a satellite telecommunications services
infrastructure for Europe. In 2001 its operations were transferred to a private company, Eutelsat
S.A.
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On the Earth Observation side, Spot Image of France was initially formed in 1982 by the French
space agency, CNES to provide optical satellite imagery. The Spot 1 satellite was launched in
1986. By 2008 Spot Image was 81% owned by EADS Astrium and markets its products
worldwide.
In these cases, the initial investment was made by governments and only later did the private
sector participate and subsequently create the commercial environment.
In the USA, the private sector EO companies have been created by large industrial concerns
rather than the government. Over the years there has been some consolidation of these private
sector companies and today the principle players are GeoEye and DigitalGlobe, both marketing
internationally,
though perhaps the biggest
user
is the US Government.
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Towards Conclusions
The study has shown that Canada has an impressive array of satellite ground infrastructure and
in general, with the possible exception of a launch facility, it has all the components found in an
internationally competitive space-faring nation.
Canada has developed some niche areas which put it in a good competitive position
internationally. In terms of ground infrastructure, Canada has particular expertise, experience
and facilities which make us competitive in satellite communications (Satcom), EO, and space
systems design, development, integration and test (Space Engineering). These are the areas
that need to be capitalized on and expanded.
Satcom has become commercialized but needs support from government for ground based
infrastructure in the North to serve the North. Canada has leading expertise and considerable
investment in EO which is still largely government driven and supported; it needs continued
Government support to be commercially exploited and expanded. Canada’s Space Engineering
needs investment in technology development and the modernization/upgrade of key integration
and test facilities such as the DFL. Most importantly, Canada needs a Space Policy and a
consolidated Space Program Management Framework to guide space sector investment
decision-making.
Given the fiscal realities of today’s federal budget in the context of the continuing global
economic challenges, the value of the Canadian Government’s spending on science and
technology and research and development must be maximized by directing more of it to
Canada’s space infrastructure – particularly key technologies, industry participants and facilities
– while managing it as an integrated whole and aligning it with the national interests and
strategies. The conclusions drawn in this report leverage the current investment, support current
policy drivers (particularly the Northern Strategy), preserve unique capabilities and address both
identified gaps and potential opportunities.

A Coordinated Approach to Planning
With many new satellite missions being planned internationally for the next decade and the
annual volume of data expected to increase dramatically over that period, Canada needs to take
stock and decide on the direction it should take. In the past, the CSA has operated under LTSP.
The last LTSP was approved in 1999. A Canadian Space Strategy was approved in 2005 but
was a very high level document and lacked specifics. Everything in the LTSPs has long since
been accomplished and the Canadian Space Program currently has no clear direction. A new
LTSP is sorely needed and it is generally understood that a draft has been written, but
unfortunately it has never been officially promulgated. As much as the CSA needs an LTSP, a
new LTSP should address all of Canada’s spending in space by all departments.
However, the first order of business should be a Canadian Space Policy, a high level document
that would set out the Government’s vision for Canada in space for the next decade, including
all space-based systems and services whether for defence and security, communications,
resource management, disaster response, science and technology development or service
delivery to Canadians such as telehealth. The LTSP would then be a comprehensive plan to
address this high level policy direction. An accompanying integrated management framework
would support departmental implementation plans which would lay out the expenditures
required to execute the LTSP and provide a mechanism for measuring results.
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With respect to the ground infrastructure requirements for departments delivering particular
services, the Federated Ground Infrastructure for Satellite Missions (FGISM) Working Group
was established to address the growing future requirements in Canada for multi-mission satellite
control and data reception. The work of the FGISM Working Group has been acknowledged
elsewhere in this report. Under the FGISM initiative the six participating departments (CSA,
DND, EC, NRCan, DFO, and CRC) would share the responsibility for defining, planning and
implementing a modern ground infrastructure for present and future satellites meeting the
requirements of the Government as well as those of other stakeholders. An interdepartmental
approach is proposed as a practical solution to address ground infrastructure issues and to
optimize Government investment. It must too be consistent with, and serve, the Space Policy.
The working group has proposed that:


Access to satellite data and services will be shared, with current and historical data available
on-line.



The ground infrastructure will be based on a harmonized open-architecture, consisting of
connected networks of multi-mission facilities for satellite control and payload data
reception, archiving, processing, management and distribution.



The six departments will agree on the appropriate funding mechanisms to address present
shortfalls, to correct infrastructure deficiencies, and to meet future requirements. They will
chart an evolution path for their respective ground facilities towards the target architecture.



Ground stations in the Canadian North are vital to complement facilities in southern Canada,
and to provide complete near-real time coverage of satellite missions throughout Canada.
These stations should be developed as multi-use facilities to leverage new opportunities.



The six departments will collaborate to define end-to-end ground segment gaps and
priorities and refine the target architecture and standards.

The FGISM concept for consolidated
and integrated ground systems to
support departmental services is shown
in the Figure at right. It shows elements
of an end-to-end process including
tasking and commanding of satellites in
orbit, and the collection, processing,
exploitation,
dissemination
and
archiving of satellite data.
The FGISM Working Group is
composed of DG’s from the member
departments.
Their excellent work
depends on the collaboration of
departments and at present the main
weakness is the lack of an overarching
authority to ensure that implementation
continues in the co-ordinated way
advocated by the task force.

Conceptual Federated Ground
Infrastructure for Satellite Missions
(From “The Case for Action” FGISM
Jan 2012)
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Strategic Support to Industry
The Canadian space sector consists of a complementary and synergistic combination of public
and private sector organizations. In Canada, manufacturing of equipment, systems and
components in the space sector is the sole domain of private industry, which positions itself to
respond to government requirements as one of its largest and most important markets for its
products. Having established their niche areas, companies then exploit their capabilities in the
international marketplace. To a degree, this government/industry relationship has broken down
in recent months. The Futron Report of 2011 notes that “Canada retains a skilled space
workforce, and Canadian space companies did well in 2010. But delays in space policy refresh
and implementation are offsetting these competitive advantages.” The absence of a Long Term
Space Plan means that the Canadian Space Program lacks direction and industry does not
know where to focus its internal efforts. The delays in approving a project as larger as the
RADARSAT Constellation, causes the risk of losing critical human resources within Canadian
industry.
It is important to restore this partnership. Government plans must be clearly articulated and
shared with industry. Priorities must focus on areas that not only serve the national interest, but
also build on the strengths that already exist in Canadian industry. Only then can a strong
industry with a sustainable competitive edge be assured.

Sustaining a National Asset
Satellite Integration and Test
Space is important to Canada’s transition to a knowledge-based economy and to the
Government of Canada's social, scientific, sovereignty, security, and foreign policy objectives.
A key part of any satellite program is the assembly, integration and testing function. Since 1972
the David Florida Laboratory (DFL), located in Ottawa, has provided environmental testing of
Canadian satellites and payloads. Without such a facility, Canada would be at the scheduling
mercy of the few facilities in the world that provide these services. The DFL provides a degree
of Canadian autonomy in the ability to schedule and control the final, critical stages of prelaunch preparation of space assets. It also minimizes the cost to Canadian space missions
because the cost to obtain these services overseas is very much higher. An investment in
upgrading DFL would assure Canada’s continuance in satellite AIT, capitalize on existing world
class strengths; avoid obsolescence and consequential irrelevance to the space market; and
contribute to national pride.
The DFL was developed as Canada's world class spacecraft assembly, integration and testing
centre. On a fee for service basis, the DFL is also available for use by Canadian and foreign
aerospace and telecommunications companies and organizations for qualifying space
hardware. It has facilities for radio frequency, structural, and thermal qualification testing of
payloads and entire satellites. However, in recent years it has declined and is in dire need of a
major upgrade and refit.
NRCC’s Institute for Aerospace Research (IAR) has a similar heritage and value to the
Canadian space Program acoustic testing of satellites and payloads.
Three possibilities present themselves with respect to the DFL:
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i.
ii.

iii.

Close it down. This would subject Canadian space missions to unacceptable scheduling
problems for AIT, and incur the higher costs of using foreign facilities;
Turn it over to the private sector. Under this scenario the Government would lose control
of it. The same issues of scheduling and cost could arise as in i) above, and its
continued existence could not be assured;
Invest in upgrading it. This would assure Canada’s continuance in satellite AIT,
capitalize on existing world class strengths; avoid obsolescence and consequential
irrelevance to the space market; and contribute to national pride.

It is concluded that option iii) is the only viable option. Priority should be given to ensuring that
the DFL and IAR are maintained to the highest standards, and upgraded as dictated by
technological advances and the demands of the Canadian and international space community
for environmental testing.

Earth Observation Archive
The Earth observation thrust is critically supported by the data archive facility maintained by the
CCRS of NRCan. CCRS manages a growing optical and radar EO data archive (dating back to
1972) containing over 500 terabytes of imagery data acquired from national, collaborative and
foreign missions. The satellite data archive constitutes a 40-year environmental history of the
Canadian landmass, coastlines and waters. The demand for accessing historical data as well as
near-real time data will increase in the coming years and it is critical that this resource be
maintained, upgraded and expanded to meet the increasing demands.

Filling the Gaps in Support of the Northern Strategy
This report has have identified northern development and sovereignty, as defined in the
Northern Strategy, as a driver for future space activity and for ground infrastructure in particular.
With the vast natural resources and opening of shipping routes in the Arctic, new services are
required to properly support the increased activity.
Chief amongst these is reliable, high quality, high capacity communications. This is an obvious
gap that needs to be filled. It is equally obvious that there is currently not sufficient demand to
entice the private sector to develop these services. Just as the Anik satellites brought
broadband communication services to Canadians across the country, it is now necessary to
focus on the high Arctic, where service is not up to the same standards as the rest of the
country. More than ever it is incumbent on the Government to take the initiative.
A second gap is the need for accurate and reliable weather forecasting. The US and European
polar orbiting weather satellites do not provide the continuous high quality weather monitoring
needed to support Canada’s needs and priorities in the North.
The solution to both of these issues may be possible in a single satellite system. It is beyond the
scope of this study to define specific systems, but one possibility is the Polar Communications
and Weather system under consideration by the CSA, but as yet unfunded. There is widespread
support by Government departments for such a system, particularly from the department of
National Defence and Environment Canada. A system of this nature would be an important
component in advancing the Northern Strategy.
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A mission of this sort would include all the necessary ground infrastructure for satellite and
payload control, data reception, processing and archiving, and interfacing to the user
community, but these should be planned and implemented in a coordinated fashion as
advocated by the FGISM.
The FGISM Report states: “There will be a new data availability paradigm consisting of more
than one source for each data category: C-band radar, X-band radar, L-band radar, highresolution panchromatic and multispectral, medium resolution multispectral and hyperspectral.
This extensive data coverage will be provided by a combination of Canadian missions, jointbilateral missions, collaborative-multilateral missions, third-party missions as well as commercial
satellites. For the GoC and Canadian industry these developments will present both
opportunities and challenges. This will give access to data from multiple and diversified sources,
and will contribute to long-term data continuity and guaranteed availability. For many
applications data products and services will become a commodity characterized by high
availability, redundancy, diversity and easy accessibility. The challenge will be to manage these
opportunities in a coordinated and cost-effective manner and to find the resources to put in
place the needed ground infrastructure.
In addition to the payload downlink requirements described above, the GoC has new
requirements for multi-mission TT&C capability.
With such an abundance of data sources, future requirements cannot be met with existing
mission control and data reception capabilities.”
All of this leads the need for a comprehensive Government wide plan for satellite ground
infrastructure to meet expanding needs and a variety of future satellite systems. Work has
already begun with the construction of a station in Inuvik by NRCan and with plans by DND and
CSA to build a station in the high Arctic, possibly at Resolute Bay. The Inuvik Satellite Station
will provide satellite control and data download capability for satellites in polar orbit. The Inuvik
station was partially financed by the German space agency DLR which needed the ground
station for its TanDEM-X Earth observation satellite. The Resolute Bay station will provide Arctic
coverage for RADARSAT-2 and The RADARSAT Constellation.

A Northern Opportunity
As mentioned above at least one foreign space agency has taken advantage of Canada’s
northern location, and it can be expected that as the northern sites become developed, more
international interest will arise. Indeed Germany, Sweden, USA and France have already
expressed interest in the services that could be provided by a northern Canadian facility. This
presents a business opportunity for which there is a precedent in Noway.
The Norwegian Space Centre (NSC) in conjunction with Kongsberg Satellite Services (KSAT), a
joint venture between Kongsberg Defence & Aerospace and the NSC operates Norway’s
northern satellite ground stations at Svalbard and Tromso. Svalbard is the most northerly at 78
degrees north. It is able to download information for all 14 daily orbits of polar orbiting satellites.
The facility consists of 31 multi-mission and customer-dedicated antennas which operate in the
C, L, S and X bands. The station provides ground services to more satellites than any other
facility in the world. It is augmented by Tromso at 70 degrees latitude.
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Some customers such as ESA and NASA have their own installations. Services include
telemetry, tracking and commanding (TT&C) and data acquisition services. KSAT supports most
of the commercial Earth observation satellites in orbit and can provide timely imagery and data
independent of satellite ownership.
With many international clients, both government agencies and private sector organizations,
NSC and KSat have built an enviable reputation and a good business in providing the highly
reliable service that is needed for critical support of satellite operations.
There is an opportunity for Canada to do something similar. With Ground stations in Resolute
(75 degrees north) and Inuvik (68 degrees north), supported by Prince Albert, Canada could
offer similar services to the international community and use the proceeds to offset the cost of
operating the ground stations for Canadian missions.
The new treaty being negotiated with Russia is also an opportunity for Canada to cooperate with
another arctic nation and may open Russian markets to Canadian industry.

No Launch Facilities
Canada does not have its own launch capability, neither the ground infrastructure nor a
launcher(s). Over the years several proposals have been put forth to rejuvenate the Churchill
Range, but they have all come to nought. There is little incentive for the Government to make
the very large investment that would be required in both infrastructure and technology. In the
first place Canada does not launch enough satellites to justify such an investment, and there is
no shortage of launch services available to meet Canadian needs from the countries/agencies
with existing launch capabilities. Secondly, because of the existing worldwide launch capacity,
there would likely be little international market for an untried Canadian launch capability.
If a launch vehicle is developed in Canada it will be by the private sector, assuming they can
make business case. Indeed this is the trend in other countries, SpaceX in the USA being a
good example.
This study has found nothing to justify Canadian Government investment in a domestic launch
capability.
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ANNEX A – CANADA’S SPACE INFRASTRUCTURE – AN INVENTORY
Research and Development Facilities
Canadian Space Agency
The CSA has established seven small laboratories at its St. Hubert facility to support space
based assets as follows:


Monolithic microwave integrated circuit (MMIC) lab and associated clean room.



Radio frequency (RF) lab including an anechoic chamber and a thermal test chamber to test
antenna and RF component performance.



Electronic test laboratory including a class 100,000 clean room to assist in spacecraft
integration.



Electronic assembly laboratory: this is one of the only “manufacturing” facilities for assembly
of electronic space qualified components owned and operated by the government.



Laser optics laboratory: to explore optical intersatellite link technology.



Optics laboratory: for experiments in spectroscopy.



Battery test laboratory including a thermal chamber: to test batteries used in microsatellites.

Communications Research Centre
CRC owns and operates communications satellite ground infrastructure for research and
development (R&D) purposes. This infrastructure can access Low Earth Orbit (LEO), Medium
Earth Orbit (MEO) and Geostationary Orbit (GEO) satellites for communications in the C, Ku
and Ka frequency bands. The primary purpose of this infrastructure is to connect universities,
research centres, government research laboratories, schools, and other eligible sites for
collaborative or experimental research. CRC is an Agency of Industry Canada department and
employs 400 staff, including 240 research staff, and has a total annual budget in the range of
$50M.
An internal (IC) formal evaluation of the CRC was completed in January 2012. Inter alia, the
evaluation concluded “the campus is in need of major investments to head off mounting health
and safety issues which may put the governance model at risk”.

Centre for Research in Earth and Space Technology (CRESTech)
The Centre for Research in Earth and Space Technology (CRESTech), an Ontario Centre of
Excellence, conducts multidisciplinary collaborative research and development in space and
earth sciences. A consortium of university-based researchers, industry leaders and government,
CRESTech is committed to bridging the gap between pure science and the successful
application of science and technology in profitable new businesses.
Launched in 1997 as a result of a merger between the Institute for Space and Terrestrial
Science (ISTS) and the Waterloo Centre for Groundwater Research (WCGR), CRESTech is
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funded largely by the Ontario Ministry of Enterprise, Opportunity & Innovation (MEOI). Other
sources of revenue for the Centre come from industrial partnership, the commercialization of
CRESTech technology as well as contracted research and development.
The CRESTech Research Program focuses on six themes:
1. Space Science and Technology: meteoroid and satellite tracking for detection of space
debris, development of advanced materials and coatings, design of robotics systems,
instrumentation and calibration techniques, radio astronomy and the precise positioning of
coordinates on earth.
2. Atmospheric Environment: the quality and evolution of the Earth's atmosphere through
developing techniques, processes, small satellites and experiments for identifying and
characterizing atmospheric pollutants (such as ozone), and solar terrestrial physics, and for
monitoring environmental change.
3. Land Resources: improved monitoring and management of Ontario land resources, primarily
through remote sensing technologies and techniques; management of agriculture, mining, and
forestry resources and urban planning.
4. Water Resources: applying processes and new techniques to the assessment, protection,
remediation and management of groundwater, including groundwater/surface water interactions;
characterization of water quality and water supply; assessment of land use impacts; and
wastewater treatment and mine waste management.
5. Human Performance in an Aerospace Environment: predicting how sensory conflicts affect
human visual orientation within real and virtual reality environments; development of virtual
reality and helmet-mounted display systems, investigation of visual and motor aspects of human
performance, and design of telerobotics and stereoscopic displays.
6. Controlled Environment Systems Theme: providing critical knowledge for the cost-effective
mitigation of well-known problems, such as sick building syndrome; exploiting innovative plant
science and ecological system technologies of great interest to the Canadian greenhouse
industry, among others.

University of Calgary/Institute for Space Imaging Science (Space Physics)
The Institute for Space Imaging Science, located at the University of Calgary, Alberta, conducts
research in and has two facilities to support space science projects such as Enhanced Polar
Outflow Probe (e-POP), a scientific payload forming part of the CASSIOPE. The two facilities
are the Charged Particle Calibration Lab and the Vacuum/ UV Lab.

University of Toronto Institute for Aerospace Studies (UTIAS)
The University of Toronto Institute for Aerospace Studies (UTIAS) Faculty of Applied Science
and Engineering supports the space sector through five activity areas. Four of these areas are
primarily R&D. The fifth (the Space Flight Laboratory) supports microsatellite assembly,
integration and testing and is addressed under the Testing section below.
1. Spacecraft Dynamics/Control and Microsatellites: dynamics and control of spacecraft
including the orbital, attitude, and structural motions of these systems, including control
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systems for formation flying of spacecraft and research into spacecraft attitude control using
the Earth’s magnetic field.
2. Space Robotics: network robotics (or collective robotics or group robotics); that is, multiple
robots working cooperatively to accomplish a common goal; robots which are robust,
autonomous and “intelligent.”; development of a multirobot system for autonomous lunar
excavation in support of a planned return mission to the Moon.
3. Space Mechatronics: Development of systematic frameworks and modular, hierarchical
architectures for the concurrent, detail-level engineering of aerospace systems, from
conception to configuration and integration, to realization and implementation. This activity
heavily emphasizes research vs development, especially as applied to aerospace vs space.
4. Autonomous Space Robotics Lab: includes a Space Robotics Computing Laboratory used
to run simulations and provides an area to perform experiments involving small rovers; a
Space Robotics laboratory and the MarsDome which are used to test larger rover prototypes
in both indoor and outdoor environments.

Other Universities
The CSA expends approximately $25M on space science activities. Most Space Science
activities are carried out with Canadian universities, as evidenced by the number and value of
contracts with universities. The CSA does not directly receive goods and services in return for a
large portion of this funding. That funding is provided through transfer payments as opposed to
payments for goods and services, in accordance with Treasury Board policies.
Historically close to three quarters the Space Science Program funding is spent on professional
services and more than 63% of that goes to universities.
Exceptions to this approach occur when the funding is provided directly in support of a project or
science mission such as the Wind Imaging Interferometer Instrument (WINDII – 1991) led by a
York University professor, the Microvariabilty and Oscillation of Stars (MOST) space telescope
(2003) led by a University of B.C. professor and the Measurement of Pollutants in the
Troposphere instrument (MOPITT – 1999) led by a University of Toronto professor. CSA has
sponsored or contributed to over 14 such science projects with Canadian universities over the
years. This has resulted in a significant capability at those universities to support Canadian
space assets and is considered an important part of the Canadian ground-based infrastructure.

Test Facilities
CSA St Hubert
Some limited test facilities are resident at CSA St. Hubert for limited testing of smaller
spacecraft components especially for development testing (vs testing of flight hardware). These
are located in the laboratories briefly described above.

David Florida Laboratories (DFL)
History and Description
In support of advancing Canadian industrial expertise in the design and manufacture of
satellites and satellite subsystems, the Government of Canada built the David Florida
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Laboratory (DFL) in Ottawa to support the environmental testing needs of satellite subsystems
more generally. The DFL was built on the Communications Research Centre (CRC) site at
Shirleys Bay on the outskirts of Ottawa. When initially constructed in 1972 the Department of
Communications through CRC was responsible for the facility. Since 1989 The DFL has been
maintained and operated by the Canadian Space Agency as Canada’s state of the art worldclass spacecraft assembly, integration and testing (AIT) centre.
The DFL facility consists of Integration and Assembly Areas (AIT), Radio Frequency
Qualification Facilities (RFQF), Structural Qualification Facilities (SQF), and Thermal
Qualification Facilities (TQF). In addition to the AIT of space and terrestrial hardware, the DFL
is involved in the development of technologies for environmental and RF testing of satellites,
space systems and associated hardware for future Canadian space programs.

Integration and Assembly Areas
The integration and assembly areas of the DFL are situated within two temperature- and
humidity-controlled, high bay clean rooms of which High Bay 3 is the largest measuring 1,080
sq m (11,600 sq ft). When required, Class 1,000 or better clean room conditions can readily be
made available.

Radio Frequency Qualification Facilities (RFQF)
The DFL RFQF consists of Antenna Test Facilities, an Electromagnetic Compatibility (EMC)
Facility and a Passive Intermodulation (PIM) / Multipaction Facility.
The Antenna Test Facilities consist of the Antenna Test Facility #1 (6x6), Antenna Test Facility
#2 (12x12), a Cylindrical Near-Field Facility, a Spherical Near-Field Facility, a Planar Near-Field
Facility, and a Rooftop Antenna Range. Far-field measurements are performed using the 400 m
(1,300 ft) outdoor range to a 62 m high (200 ft) source tower where three-axis positioners and
synthesized sources are controlled using a fibre-optic link. Spherical near-field radiation patterns
are acquired indoors and with subsequent data processing, far-field antenna characteristics are
derived.
The EMC and PIM / Multipaction Facilities provide a means of evaluating emissions,
susceptibility PIM, and multipaction characteristics of spacecraft components and subsystems.
All of the RFQF's measurement computers are networked. In-house developed data acquisition
and instrument control software is maintained for the analyzers/receivers and positioner
controllers.

Structural Qualification Tools
The structural qualification tools range from electrodynamic shakers to a static load test system.
The electrodynamic shakers have force ratings of 178 kN (40 k lbf), 105 kN (23.6 k lbf), and 27
kN (6 k lbf) respectively. To complement and support classical vibration testing, the DFL can
also perform modal testing on complex space hardware. Proof load testing can be achieved
using a Static Load Facility incorporating a 12-channel Cyber Fatigue Master Digital Control
System.

Thermal Qualification Facilities (TQF)
The TQF includes five thermal vacuum chambers of various sizes from one foot square to
seven by ten feet, three thermal and thermal conditioning chambers, three specialty chambers,
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and various TQF-related support facilities. Custom data processing applications are developed
in-house to support these chambers and support facilities:

Funding/Financial Support for DFL
The CSA’s overall planned spending for internal services (within which building maintenance,
capital improvement and security) will increase by $2.9M to $46.6 million in 2013-2014. Most of
this increase is due to the building maintenance and security requirements for the J. H.
Chapman Space Centre (CSA Headquarters) and David Florida Laboratory but the allocation of
these funds across the two facilities has not been identified.
An internal (CSA) audit report of DFL of 2004/2005 determined that about 95% of DFL funding
of approximately $9.0M was derived from support to CSA sectors and the private sector with the
small remainder being derived from support to OGDs. Revenue from support to private sector
initiatives was approximately equal to revenue from internal support to CSA programs.
DFL generated approximately $7.0M in revenue from outside clients (non-Canadian
government) in FY 2011-12 and forecasts annual revenue of $4.0M per year in the near term.
This is equivalent to a little over one percent of CSA’s total expenditure. However, it is
considered “non-respendable revenue” and becomes part of the government consolidated
revenue fund as general revenue, and does not contribute directly to a reduction in CSA
budgetary requirements.

Uses/Users of DFL
As noted in CSA’s RPP for 2012/2013 the CSA intends to make the DFL research facilities
more accessible and available to academia and the Canadian space industry. The DFL will
continue to provide world-class and cost-effective environmental space qualification services for
the assembly, integration and testing of spacecraft systems to CSA's programs, Government of
Canada organizations as well as national and international commercial clients.

Overview of the Condition of DFL
Recommendations from CSA’s Nov 2010 Internal Program Audit of DFL:
“We found in our audit that the DFL has adopted procedures for managing the quality of its
services that take the requirements of clients into account. These procedures are ISO-certified
and monitored on a quarterly basis. We found that these procedures ensure that the quality of
services is monitored.
We also found that the DFL has a human resource (HR) plan that includes a strategy for
replacing technical employees who are expected to retire in greater numbers in the future. In
addition, we identified the following opportunities for improvement:
1.

Formalize and document the planning process between DFL and internal testing
facilities users.

2.

The DFL should draft a document outlining its overall strategy for use of facilities and
draw up an associated implementation plan.

3.

The DFL should review the output indicators and results indicators to ensure that they
are relevant and adequately measure DFL performance.”
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The audit examined whether there is an infrastructure plan and whether it includes the following:
• Analysis of current and future requirements relative to physical facilities;
• Investment plan to help meet client requirements.
The audit determined that the DFL has begun assessing the sustainability of its activities. A
presentation outlining DFL investment scenarios was given to the CSA Executive Committee.
The information concerning recommendations for capital investments at DFL originated with
managers in charge of DFL testing. No formal market analysis had been carried out to identify
client requirements. No documented strategy in support of long-term DFL investments was
identified. Historically, investments in DFL are made when specific programs (such as the
CSSP) require new capabilities. The lack of a single integrated space policy and plan – with
their attendant long term visions - increases the risk of the DFL being unable to respond
effectively to emerging test facility requirements.

University of Toronto Institute for Aerospace Studies
The University of Toronto Institute for Aerospace Studies operates the Space Flight Laboratory
(SFL) which is focused on low-cost microsatellites and nanosatellites. Missions are typically
developed with stringent attitude control and data requirements helping to ensure low cost.
SFL contributed to Canada’s first space telescope (MOST); a technology demonstrator and
atmospheric science satellite (CAN X 2); and, a ship-tracking satellite which was developed and
launched within seven months (NTS). As part of its complete end-to-end mission capabilities,
SFL maintains a mission control centre consisting of multiple ground stations.
In addition to a computing facility, assembly, integration, and test facilities, thermal cycle
chambers, and a VHF/UHF ground station, the SFL has a three-axis motion table with automatic
mass balancing for testing spacecraft attitude control systems. A small vacuum chamber is
available for thermal vacuum testing of small components. A class 10,000 clean room for final
spacecraft integration and test has been installed and certified. Upgrades to the ground station
are underway and a new antenna system has been acquired and tested.

National Research Council of Canada/Institute for Aerospace Research
The National Research Council of Canada (NRCC) has a wide cross section of different types of
facilities and equipment for testing of aerospace assets including satellites and space assets,
however, most of its capabilities are focussed on aerospace systems and equipment. In
particular it has significant structural test equipment including equipment for environmental
testing, microgravity testing and it maintains a leading facility for acoustic testing.
NRCC’s Institute for Aerospace Research (IAR) has been conducting acoustic testing of
satellites and other space equipment, frequently in coordination with DFL, since the 1970s.
Acoustic testing is required to verify that space equipment will not be degraded as a result of
being subjected to the severe acoustic noise environment of a launch vehicle - during the
launch phase acoustic noise can exceed 140 db.
The DFL has little or no capability to conduct large scale random acoustic testing of space
equipment. The IAR operates a 536 cubic meter reverberant acoustic chamber that has been
used to test space equipment against random acoustic noise at levels up to 158db. This has
been employed to test integrated satellites including the Anik series, MSAT, and RADARSAT.
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Tests have been successfully completed for commercial, industrial and military customers. It is
one of only two facilities in the world that uses air (vs. nitrogen) to generate the necessary
acoustic environment. Using air is considered safer, cheaper and more effective than using
nitrogen which is easier to handle and pump to the necessary pressures.
It is also of note that IAR has the capability to test acoustic noise emission from space
equipment.

Launch facilities
Canada does not have its own launch capability. Pre-feasibility studies performed in 2008
indicated it would be possible to launch small satellites from either the former NRCC Fort
Churchill range or a site in Cape Breton.
Canada not only lacks a launch facility but also lacks its own launcher. To develop a micro-sat
launcher, it has variously been estimated to cost $100-150 million and could take up to ten
years. This would seriously detract from other space program priorities that are already underfunded. It would give Canada a capability to launch micro-sats, but not the larger satellites such
as RADARSAT. The cost to develop a launcher for large satellites could easily consume the
entire CSA budget for a number of years.
There is considered to be an overcapacity in the launch sector.34 Ten countries have
demonstrated independent orbital launch capabilities and several more are currently developing
one, so there is unlikely to be an international market for a Canadian launch facility or launcher.
Neither is there a sustainable domestic market. Developing such a capability cannot be justified
on economic grounds. The only justification might be if a strong enough case could be made to
do so in the strategic national interest, to reduce the dependence on foreign launches of critical
Canadian space assets. Of course if the private sector can make a business case, there is no
reason why they should not undertake such a development as was done in the US by SpaceX.
However this is considered unlikely without substantial Government backing.

Churchill
In the 1950s Fort Churchill, located in Manitoba close to the Hudson Bay, was developed by the
Canadian Army as a launch site for sounding rockets to study atmospheric phenomena, in
particular the aurora borealis. In the years that followed, the Churchill launch site supported a
multitude of science research projects. Over 3500 suborbital flights have been launched from
the Churchill range. Of particular note is that in 1959 Bristol Aerospace launched the first Black
Brant rocket from Churchill. The Black Brant rocket was used for many years for suborbital
flights to study the atmosphere.
Following a major fire in 1960 that destroyed most of the Churchill facilities, the US Army moved
its launches to another location and the site became unused. In 1965, the National Research
Council of Canada (NRC) acquired the base to support the Canadian Upper Atmosphere
Research Program and used it sporadically for a few years subsequently. Although the site has
been used sporadically since the 1960s, it is now practically deserted.
34

OECD (2011), The Space Economy at a Glance 2011, OECD Publishing,
http://dx.doi.org/10.1787/9789264111790.htm
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In 1995 a Manitoba based company, Akjuit Aerospace, announced its plan to develop the Fort
Churchill site as Spaceport Canada. Its intent was to develop it as a site for launching polarorbiting sounding rockets. In spite of striking a deal with Russia for launching polar orbiting
satellites on surplus Soviet SS25 ICBMs the company ceased operations in 1998 due to lack of
adequate funding or financing.
In a related development, the federal government and the province of Manitoba initiated a ten
year plan in October 2007 to improve the Port of Churchill and the Hudson Bay rail line leading
to it. As of early this year approximately $17M has been spent on those improvements.

Cape Breton
Chicago-based PlanetSpace has held discussions with Nova Scotia Business Inc. regarding
setting up a “space port” north of Sydney Mines. To date no significant progress in that regard
is evident.

Training Systems and Facilities
CSA MSS Operations Complex
The Canadian MSS Training facility (CMTF) was established to train instructors, mission
specialists for MSS robotics operations activities on the Space Station, and mission controllers
for ground-based operations at the Mission Operations Complex. It consists of computer based
training workstations, instructor stations, courseware development workstations, video
recorders, and TV projection equipment.
The MSS Operations and Training System (MOTS) was established to train mission specialists
to operate the Mobile Servicing System (MSS), which includes developing familiarity with visual
displays and computer equipment used on the ISS. It is funded from the CSA’s A- base budget
and consists of crew stations, graphics supercomputers, instructor stations and operations
stations. It covers training on Canadarm2, the Mobile Base System and Dextre. Astronauts and
cosmonauts each take a 10-day course on the MOTS and achieve certification when they
successfully pass the course.
The Virtual Operations Training Environment (VOTE) was established to provide astronaut and
cosmonaut trainees immersion in a virtual reality environment, from which to observe the
Canadarm2 movement in three dimensions. This is useful for developing a 3-D mental image of
the Space Station external environment to better judge clearances and distances between the
Canadarm2 and the ISS structure. It consists of a workstation with hand controllers, a
stereoscopic head-mounted display (HMD) system, head-tracking and hand-tracking devices,
navigation devices, and associated interface hardware and software. It includes the Operations
and Training Simulator (OTS) including the Basic Operational Robotic Instruction System
(BORIS).

Data Reception / Management stations
Canadian Space Agency
The CSA currently relies on the NRCan satellite receiving station for its RADARSAT-1 data
reception.
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The CSA is considering the establishment of a ground station in Resolute Bay with both uplink
and downlink capabilities to support a variety of space missions.

Natural Resources Canada
NRCan has satellite receiving stations located at Gatineau, Quebec and Prince Albert,
Saskatchewan for the reception and archiving of X-band data. NRCan has received EO data
from RADARSAT-1/2, Envisat (ASAR/MERIS), ERS-2 (SAR/LBR), Landsat satellites and NOAA
AVHRR. In 2010 a new receiving station was installed at Inuvik. It was developed in partnership
with other public sector and private sector partners.
NRCan ‘s Canada Centre for Remote Sensing (CCRS) manages the EO data archive which is
in excess of 500 terabytes dating back over almost four decades. CCRS can perform
application specific processing of the data for other GoC users.
The satellite receiving stations at Gatineau and Prince Albert date from the 1970s and are in
need of a reassessment in light of the current context as well as future requirements. NRCan
has received some $23M under the Economic Action Plan to construct new receiving stations.

Department of National Defence
The Department of National Defence (DND) is building four satellite data reception facilities as
part of its Polar Epsilon Project. The facilities will be located at Masstown, N.S. and Aldergrove,
B.C. They will have the capability to receive RADARSAT-2 Synthetic Aperture Radar (SAR)
data and NASA Earth Observing System (EOS) Moderate Resolution Imaging
Spectroradiometer (MODIS) data. The Aldergrove station will include a RADARSAT-2 SAR
processor and the ability to send data directly to the archive at CCRS.
DND has some limited telemetry, tracking and control (TT&C) capability at its Defence
Research and Development Canada (DRDC) Ottawa facilities (co-resident with CRC).

Environment Canada
Environment Canada (EC) owns and operates 15 satellite reception systems for weather data
including one at Resolute Bay, Nunavut. Environment Canada has receiving stations for
reception of weather satellite data from NASA’s Geostationary Operational Environmental
Satellite (GOES) and Polar Orbiting Environmental Satellites (POES) systems and for High Rate
Picture Transmissions from the European polar orbiting MetOp satellite system. EC supports
data capture from 12 satellites and expect to support an additional 9 satellites in the near future
with satellite data volumes growing at 20% per annum.
EC is currently considering additional investments in satellite ground infrastructure to ensure
access to the next generation of weather satellite data.
Environment Canada (EC) owns and operates satellite reception systems for weather data.
Environment Canada has receiving stations for reception of weather satellite data from NASA’s
Geostationary Operational Environmental Satellite (GOES) and GVAR (GOES Variable)
systems and for High Rate Picture Transmissions from the polar orbiting MetOp satellite
system. These systems are located at Storm Prediction Centres across Canada. EC is
currently considering additional investments in satellite ground infrastructure to ensure access
to the next generation of weather satellite data.
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Department of Fisheries and Oceans
The Department of Fisheries and Oceans (DFO) relies heavily on departmental partnerships
with EC and DND. In cooperation with them it operates a regional network of marine earth
observation (EO) data reception, processing and product delivery facilities for ocean research,
environmental monitoring, illegal fishing monitoring and Coast Guard support. Through this
cooperation DFO gains access to the National Oceanic and Atmospheric Administration’s
(NOAA) Advanced Very High Resolution Radiometer (AVHRR) data and an AVHRR data
processing centre at L'Institut Maurice Lamontagne, Mont-Joli, Quebec as well as RADARSAT
data.




Institute of Ocean Sciences (IOS)/OS satellite data archive (contains images from the
AVHRR (Advanced Very High Resolution Radiometer) on the NOAA series of polar- orbiting
weather satellites, the SeaWiFS sensor on the Seastar satellite and the MERIS (Medium
Resolution Imaging Spectrometer) sensor on the European Space Agency’s Envisat
satellite.) The (IOS) has operated a receiving station with a tracking antenna for NOAA
polar-orbiting weather satellites since October 2, 1991
Network of reception facilities (where?)

C-CORE
Newfoundland-based C-CORE has a facility to process SAR data to meet its clients’ needs. As
program manager for the European Polar View Project, C-CORE transforms EO data from
several missions into value-added products and services for the Kopernikus / Global Monitoring
for Environment and Security (Kopernikus/GMES) initiative. The Polar View Project, which
involves 73 partners in 13 countries, uses EO data for several environmental applications in the
Arctic and Antarctic regions.

MDA’s Geospatial Services (previously RADARSAT International)
MacDonald, Dettwiler and Associates Ltd. (MDA) owns and operates a Synthetic Aperture
Radar (SAR) processor for processing of RADARSAT 1 and 2 data, for which it has exclusive
rights for worldwide distribution. MDA receives RADARSAT 1 and 2 data (and some other EO
data) via the network of NRCan ground stations. MDA’s Geospatial Services division processes
and distributes it to ends users and value added resellers

Iunctus Geomatics and TELUS Geomatics
Iunctus Geomatics Corporation owns and operates a ground station in Lethbridge, Alberta to
receive, process and distribute satellite electro-optical data from the SPOT satellites. These
imaging satellites are owned and operated by Astrium Services of Toulouse, France.
Iunctus Geomatics and its partner TELUS Geomatics, a division of TELUS Communications,
are considering investing in a northern facility, possibly in Inuvik (NWT) with the potential
participation of European partners

Operations / Command systems
CSA MSS Operations Complex - Space Operations Support Centre (SOSC):
Canada developed and delivered the Mobile Servicing System (MSS) for the International
Space Station. It consists of the mobile base, the Canadarm2 and the dextrous manipulator
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(DEXTRE- used as the fine-handling device on the end of the Canadarm2). The CSA Space
Operations Support Centre was established to monitor and analyze MSS operations, provide
crew and ground personnel training, logistics support, and real-time operations support. It
consists of an operations control room, networking equipment, audio and video equipment, and
software to support NASA in the operation and maintenance of the MSS.

CSA Payload Telescience Operations Centre (PTOC)
The Payload Telescience Operations Centre (PTOC) was developed to support the integration
and operation of CSA scientific payloads aboard the International Space Station in real time, by
providing the CSA’s mission manager, operations engineer and mission scientist with a direct
communications link to NASA's Payload Operations Center in Alabama. The PTOC is also
used to revise and finalize plans before the actual activities are performed on the ISS. The CSA
team also conducts simulations to ensure that all systems work properly and to familiarize the
team with the mission control centre environment.

RADARSAT-1 Mission Control System
The CSA operates the RADARSAT Mission Control System from its premises in St. Hubert,
Quebec. The Mission Control System consists of the Mission Management Office (MMO) which
is responsible for planning and scheduling of the data acquisitions of the RADARSAT-1 satellite;
the Mission Control Centre for generating the commands to the satellite and the Telemetry,
Tracking and Control (TT&C) antennas at St. Hubert and at Saskatoon, to provide the uplink to
the satellite. These antennas are the property of MDA who shares them with CSA. MDA uses
them for RADARSAT-2. The St. Hubert antenna is also used by CSA for the SCISAT mission.
These TT&C facilities are not sufficient for future requirements including those for the
RADARSAT Constellation Mission (RCM), Canadian Polar Communications and Weather
(PCW) and several other planned missions. The CSA is considering the establishment of a
ground station in Resolute Bay with both uplink and downlink capabilities to support a variety of
space missions.

RADARSAT-2 Operations Management System
MacDonald, Dettwiler and Associates Ltd. (MDA) owns and operates the RADARSAT-2
Operations Management System which consists of the Acquisition, Reception and Planning
System, Spacecraft Control System and the TT&C and S-Band communications facilities at St.
Hubert and Saskatoon for the commanding of the RADARSAT-2 satellite.

Telesat
Telesat owns and operates fleet of 12 geostationary communication satellites (Aniks, Nimiqs
and Telstars) and owns and operates the required infrastructure, including satellite control
facilities in Ottawa, network operation facilities at various locations, and a network of antennas.
Most of these antennas are for communication in C-, Ku-, and Ka-bands, and are fixed or lowrate tracking antennas. As their core business is communication via satellite, Telesat provides
C- and Ku-band links in many remote locations on a commercial basis, and Ka-band service in
some locations. Telesat also owns high-rate Ku-band TT&C antennas, for short-term use during
transfer orbit.
Telesat is planning to launch two more geostationary satellites in the next few years.
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ANNEX B – INTERNATIONAL SPACE INFRASTRUCTURE – AN
INVENTORY
Agencies of the International Space Sector
National Aeronautics and Space Administration (NASA)
NASA is clearly the dominant entity in space activities worldwide. Its ground infrastructure in
support of space based assets is equally enormous and comprehensive, dwarfing that of the
rest of the world.
NASA conducts its work in three principal organizations called mission directorates:


Aeronautics: pioneers and proves new flight technologies that improve our ability to explore
and which have practical applications on Earth.



Human Exploration and Operations: focuses on International Space Station operations and
human exploration beyond low Earth orbit.



Science: explores the Earth, solar system and universe beyond; charts the best route of
discovery; and reaps the benefits of Earth and space exploration for society.

The NASA budget of roughly US$ 18B represents approximately 40% of the annual US
expenditure on space programming which in turn is over a quarter of the total global budget on
space programming. Two thirds of NASA’s budget is spent on human space flight.
A brief overview of each of NASA’s major Centres and Facilities follows. The detailed discussion
of their roles and associated infrastructure are organized by the 8 categories if facilities
employed in characterizing Canada’s space infrastructure.
The Ames Research Centre (Ames) plays a critical role in virtually all NASA aeronautical and
space exploration endeavours, conducting the research and developing the technologies that
enable NASA missions.
The Dryden Flight Research Centre has a primary focus on atmospheric flight research and
operations.
The Glenn Research Centre, originally called the Aircraft Engine Research Laboratory, is
located in Cleveland, Ohio and researches, designs, develops and tests innovative technology
for aeronautics and spaceflight. More than 3,400 highly skilled scientist, engineers, technicians,
administrative and support personnel work at Glenn, including civil servants and on-site
contractors.
NASA's Goddard Space Flight Center's (GSFRC) main campus is located northeast of
Washington, D.C. The center is a major U.S. laboratory for developing and operating unmanned
scientific spacecraft. Goddard manages many of NASA's Earth observation, astronomy and
space physics missions. Goddard owns and occupies 1,121 acres of property and includes
more than 30 buildings that provide more than 3 million square feet of research, development
and office space. The Goddard Institute for Space Studies (GISS) is a component laboratory of
GSFC’s Earth Sciences Division. GSFC also manages the Independent Verification and
Validation Facility on behalf of NASA, for testing and validation of mission software
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The Wallops Flight Facility is primarily a suborbital research and launch facility, and
encompasses 6,188 acres of land with 84 major buildings, including aircraft hangars.
The Jet Propulsion Laboratory (JPL) has a long history of involvement in US aerospace and
space activities dating back to the 1930s. As the name implies JPL is arguably the world leader
in rocket propulsion. Its first rocket firing took place in October, 1936. JPL was transferred from
US Army jurisdiction to NASA in 1958 shortly after the creation of NASA. It is now a federally
funded research and development facility managed by the California Institute of Technology for
NASA. It brought NASA experience in building and flying spacecraft, an extensive background
in solid and liquid rocket propulsion systems, guidance, control, systems integration, broad
testing capability, and expertise in telecommunications using low-power spacecraft transmitters
and very sensitive Earth-based antennas and receivers. JPL now covers some 72 hectares (177
acres) adjacent to the site of von Kármán’s early rocket experiments.
The Johnson Space Center (JSC) is NASA’s main centre for human spaceflight activity. It was
established in 1961 and occupies over 1700 acres and 200 buildings, and employs roughly
14,000 in the Houston, Texas area. All NASA astronauts train at JSC. NASA’s Mission Control
Center is at JSC. Many NASA demonstration and experimental projects in spaceflight
technologies are undertaken at JSC including the Orion vehicle for deep space travel and a
humanoid robot. The JSC works with other organizations and the private sector through the
Strategic Opportunities and Partnership Development Office. The JSC also manages the White
Sands Test Facility and the overall White Sands complex.
Kennedy Space Center (KSC) is the largest and most well known launch complex for
government and commercial space access. In 2010 the KSC budget totalled approximately
US$1.3 billion and employed over 13,600. In addition NASA’s JSC conducts operations at KSC
under a separate contractual (Space Program Operations Contract (SPOC)) arrangement which
in 2010 resulted in an additional US$ 0.9B of activity at KSC.
It is also worth noting that KSC performed $85 million in reimbursable work with other
government and commercial entities in 2010. KSC has more than 87 reimbursable agreements
which have the potential to generate some US$ 700M in budget-offsetting revenue. It is also of
note that KSC has increased its efforts to expand and strengthen partnerships with private and
public organizations. For simplicity in this report, KSC’s activities are all identified under the
heading of Launch Facilities below.
The Langley Memorial Aeronautical Laboratory, established in 1917, became the NASA Langley
Research Center in 1958. It is the USA’s first civilian aeronautics research laboratory. In 2009 it
had an annual budget of $759 million. It employs about 3700 scientists, engineers, technicians,
mission support personnel and clerical personnel, roughly half of which are contractors. NASA
Langley is replacing its aging building infrastructure. A new efficient building will (has) replace(d)
older facilities to significantly reduce its operating and maintenance costs.
Marshall became a NASA field center in 1960. It focuses on development and testing of space
vehicles, space systems and rocket engines.
It emphasizes propulsion and space
transportation, engineering, science, space systems and space operations, and project and
program management. The Michoud Assembly Facility, managed by NASA MSFC,
manufactures and assembles critical hardware components for the space shuttle and
exploration vehicles under development at Marshall and other NASA field centers.
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Established in the 1960s, the Stennis Space Centre was used to test the Saturn V rocket
engines and the Space Shuttle engines. Stennis provides rocket propulsion test services for
NASA, the Department of Defense, and the private sector. Stennis has a workforce of over
2,000 civil servants and contractors. A 125,000 acre acoustical buffer zone surrounds the facility
to allow testing of large rocket engines. Stennis is also home to a number of federal, state,
academic and private organizations and several technology-based companies including the
following, which share the cost of owning and operating the facility:


The Naval Meteorology and Oceanography Command



The Naval Research Laboratory



The Riverine warfare training ground for the Department of Defense



The Naval Small Craft Instruction and Technical Training School.



The Lockheed Martin Mississippi Space and Technology Center,



The Rolls-Royce North America Outdoor Jet Engine Testing Facility



The Pratt & Whitney Rocketdyne RS-68 rocket engine assembly facility

The National Oceanic and Atmospheric Administration (NOAA) in collaboration with the National
Aeronautics and Space Administration (NASA) and the U.S. Air Force, manages and operates
fleets of weather and environmental monitoring satellites. There are two main types of
environmental satellites geostationary and polar-orbiting.
NOAA's National Environmental Satellite, Data, and Information Service (NESDIS) manages
data relating to the Earth and solar environments. It consists primarily of the facilities as follows:
The Office of Satellite Products and Operations (OSPO) manages and directs the operation of
the central ground facilities which ingest, process, and distribute environmental satellite data
and derived products to domestic and foreign users. OSPO maintains a continuous and reliable
stream of satellite data and products. Satellite imagery and products are available on its
website.
The Argos Data Collection System (DCS) is an environmental data collection relay system that
consists of in-situ data collection platforms equipped with sensors and transmitters and the
Argos instrument aboard the NOAA Polar-orbiting Operational Environmental Satellites (POES).
GOES Data Collection System (DCS) is a data relay system used to transmit observations from
surface based environmental platforms through NOAA's geostationary satellites, for delivery
back to the platform owner.
Under the United States Department of Defence (DOD), Air Force Space Command (AFSPC) is
responsible for the military space program in the USA and for ballistic missile warning systems.
The Military Communications Wing develops, acquires, and sustains space-enabled, global
satellite-based communications capabilities for the DOD. The Global Positioning Wing develops,
acquires and maintains the fleet of Global Positioning System satellites, their associated ground
control equipment, and end-user technologies. The Infrared Space Systems Directorate
develops, acquires, and sustain space-based infrared surveillance, tracking and targeting
capabilities for missile early warning/defense, battlespace awareness and technical intelligence.
The Launch and Range Systems Wing develops and acquire expendable launch systems and
manages launch integration, mission assurance and launch campaigns, and provides range
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systems for space launch missions and ballistic missile and aeronautical testing. All of these
wings are located at Los Angeles Air Force Base in El Segundo, California.
AFSPC operates launch ranges on the East Coast (Cape Canaveral) and West Coast
(Vandenberg) from which military satellites for communications, surveillance, weather and
global positioning are launched. Launch facilities are available for Delta II (now out of service),
Atlas V, Delta IV, Taurus and Minotaur rockets. The two ranges are also used for NASA and
commercial launches.
AFSPC operates the Air Force Satellite Control Network (AFSCN) for the operation and control
DoD satellites. In addition, the AFSCN provides prelaunch checkout and simulation, launch
support, and early orbit support for non-military satellites while they are in initial or transfer orbits
and require manoeuvring to their final orbit. The AFSCN consists of satellite control centres,
tracking stations, and test facilities located around the world. Satellite Operations Centers
(SOCs) are located at Schriever Air Force Base, Colorado, and various other locations
throughout the continental United States.
Under the command of the Air Force Research Laboratory AMOS, serves as the host unit for all
Air Force resources on Maui, Hawaii. The AMOS workforce consists of approximately 40
government personnel, 120 contractors supporting the Maui Space Surveillance System
(Boeing LTS), and 70 contractors supporting the Maui High Performance Computing Center
(MHPCC - University of Hawaii).
AMOS’ Maui Space Surveillance System (MSSS) combines small-, medium-, and largeaperture tracking optics, including the nation's largest optical telescope designed for tracking
satellites and missiles, with visible and infrared sensors to collect data on near-Earth and deepspace objects. Computers in AMOS’ Maui High Performance Computing Center (MHPCC) are
used to process and translate the data into SSA information.
The Air Force Space Surveillance System (AFSSS), is a very high frequency radar network
located at sites across the southern United States with a centralized data processing site at the
Naval Network and Space Operations Command in Dahlgren, Virginia. The system detects
objects in space. Orbital parameters of more than 10,000 objects are maintained in this catalog,
which is also available to NASA and friendly foreign agencies. The information is essential to
computing the collision avoidance information for operational satellites and to de-conflict launch
windows with known orbiting space objects. United States Strategic Command also operates a
Space Surveillance Network (SSN).

European Space Agency (ESA)
ESA integrates the work of the national space organisations of its 5 key member countries:





The Centre National d'Études Spatiales (CNES) (National Centre for Space Studies) is the
French government space agency. Its headquarters are in Paris.
The UK Space Agency is a partnership of the UK government departments which are active
in space. Through the UK Space Agency, the partners provide delegates to represent the
UK on the various ESA governing bodies. Each partner funds its own programme within this
civil space program. .
The Italian Space Agency (Agenzia Spaziale Italiana or ASI) promotes, coordinates and
conducts space activities in Italy. Operating under the Ministry of the Universities and of
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Scientific and Technological Research, the agency cooperates with numerous entities active
in space technology and with the president of the Council of Ministers. Internationally, the
ASI provides Italy's delegation to the Council of the European Space Agency and to its
subordinate bodies.
The German Aerospace Centre (DLR) (German: Deutsches Zentrum für Luft- und
Raumfahrt e. V.) is the national research centre for aviation and space flight of the Federal
Republic of Germany and of other member states in the Helmholtz Association. Its extensive
research and development projects are included in national and international cooperative
programmes. In addition to its research projects, the centre is the assigned space agency of
Germany bestowing headquarters of German space flight activities and its associates.
The Instituto Nacional de Técnica Aeroespacial (INTA) (National Institute for Aerospace
Technique) is a Public Research Organization specialized in aerospace research and
technology development in Spain. Between other functions, it serves as a platform for space
research and acts as a significant testing facility for the aeronautic and space sector in the
country.

Japan Aerospace Exploration Agency (JAXA)
In 2003, the Institute of Space and Astronautical Science (ISAS), the National Aerospace
Laboratory of Japan (NAL) and the National Space Development Agency of Japan (NASDA)
were merged into one independent administrative institution called the Japan Aerospace
Exploration Agency (JAXA). Beside four headquarters, JAXA performs operation, research and
development at local launch sites, test facilities and observatories from many Centres, sites and
facilities across Japan. The roles of each and the facilities themselves are briefly described
below under the categories identified in the Introduction to this report. Two of the space centres
are multi-disciplinary and their descriptions and roles are briefly described as follows.
The Tsukuba Space Centre (TKSC) is a consolidated facility with world-class equipment and
testing facilities for space development. It is the Centre of Japan’s space network. It conducts
research and development of spacecraft, including both satellites and rockets, and controls and
tracks launched satellites. As part of the International Space Station project, the Japanese
Experiment Module (JEM) "KIBO" was developed and tested at TKSC. TKSC also conducts
astronaut training.
The Uchinoura Space Center (USC) has a long heritage in sounding rockets, scientific satellites
and tracking and data, including attachment to the former Institute of Space and Astronautical
Science (ISAS) prior to the formation of JAXA. USC has launched many astronomical survey
satellites and planetary probes, mainly for scientific purposes. It has also launched sounding
rockets, such as the S-310 and the S-510, to conduct research on the middle atmosphere and
space plasma. Its antennas receive telemetry from satellites to track and control them while in
the earth’s orbit.
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China National Space Administration (CNSA)
The China National Space Administration (CNSA) is part of the Commission of Science,
Technology and Industry for National Defense (COSTIND). It has the responsibility for China’s
national space policies and for managing the Chinese space science, technology and industry.
According to Wikipedia, CNSA’s budget is US$ 500M, although Euroconsult places the figure
closer to US$ 1.3B.
The CNSA has signed space cooperation agreements with more than a dozen countries
including Canada. Canada’s MOU with China, originally signed in 1996 was renewed in 2001.
The Long March rocket is produced by the China Academy of Launch Vehicle Technology, and
satellites are produced by the China Aerospace Science and Technology Corporation. The latter
organizations are state-owned enterprises; however, it is the intent of the PRC government that
they not be state-managed and that they behave much as private companies would in the West.
CNSA works with several universities and institutes in China, and, similar to Russia and its
predecessor the Soviet Union, has established several “Space Cities” that have a very heavy
focus on space activities.
China has two suborbital launch sites (e.g. sounding rockets) and four major launch centres.
China has a fleet of six large military satellite tracking ships (approx 21,000 tons), two major
space monitoring and control centres (Beijing and Xian) and a deep space tracking network of
four radio antennas.
CNSA has an integrated space monitoring and control network consisting of some eleven
stations throughout China, in addition to four tracking stations in other countries including
Pakistan, Kenya and Namibia. It also shares some space tracking facilities with France, Brazil,
Sweden and Australia.

Russian Federal Space Agency (Roscosmos)
The Russian Federal Space Agency commonly called Roscosmos (frequently abbreviated as
FKA or RKA) is the government agency responsible for the Russian space science program and
general aerospace research. It was previously the Russian Aviation and Space Agency. The
headquarters of Roscosmos is located in Moscow however; the main mission control for space
flight operations Centre is located in Korolev.
The Cosmonauts Training Centre (GCTC) is in Star City. Launch facilities are at the Baikonur
Cosmodrome in Kazakhstan. Most launches take place there, both manned and unmanned.
The Plesetsk Cosmodrome in northern Russia is used primarily for unmanned flights of military
designations.
According to the head of Roscosmos, the budget for the Roscosmos is approximately 150-175
billion rubles or approximately CAD 5 B.
Current priorities of the Russian space program include the new Angara rocket family and
development of new communications, navigation and remote Earth sensing spacecraft.
The GLONASS global navigation satellite system has for many years been one of the top
priorities and has been given its own budget line in the Russian federal space budget. In 2007,
GLONASS received approximately US$380 million, and as of 2008, an additional US$2.6 billion
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will be allocated for its development in the future. It typically has consumed close to one third of
the total budget for Roscosmos.
The Russian Space Agency is one of the partners in the International Space Station (ISS)
program; it contributed the core space modules Zarya and Zvezda, which were both launched
by Proton rockets and later were joined by NASA's Unity Module. The Rassvet module was
launched aboard Space Shuttle Atlantis and will be primarily used for cargo storage and as a
docking port for visiting spacecraft. The Nauka module will be the last component of the ISS and
is expected to launch May 2012. Roskosmos is furthermore responsible for expedition crew
launches by Soyuz-TMA spacecraft and resupplies the space station with Progress space
transporters. After the initial ISS contract with NASA expired, Roscosmos and NASA, with the
approval of the US government, entered into a space contract running until 2011, according to
which Roskosmos will sell NASA spots on Soyuz spacecraft for approximately $21 million per
person each way (thus $42 million to and back from the ISS per person) as well as provide
Progress transport flights ($50 million per Progress as outlined in the Exploration Systems
Architecture Study. Roscosmos has announced that according to this arrangement, manned
Soyuz flights will be doubled to 4 per year and Progress flights also doubled to 8 per year
beginning in 2008.
Russia plans to construct a new spaceport, the Vostochny Cosmodrome, at 51 degrees north in
the Russian Far East. It is intended to reduce Russia’s dependency on the Baikonur
Cosmodrome in Kazakhstan, and enable Russia to launch most missions from its own country.
Russia currently pays Kazakhstan for use of the Baikonur Cosmodrome.
Rockets launched from Vostochny will be able to carry close to the same payload as those
launched from Baikonur. The Vostochny location has the additional following advantages:





Sparse population in the immediate area thereby avoiding launches over population centres
Proximity to the Pacific Ocean allowing expended rocket material to be jettisoned safely into
the ocean
Proximity to major transportation routes
Proximity to electrical power

Russia plans to move almost half of its launches to Vostochny Cosmodrome.
structures are planned to be built at Vostochny.

No military

Construction of the Vostochny Cosmodrome began in January 2011 and is expected to be
completed in 2018.
The chief of Roscosmos has committed 20 billion rubles (~US$ 700M) for Vostochny for 2012
and a Russian decree transferred 9,663 hectares of land for its construction. One 2009
estimate indicates the construction will cost 400 billion rubles (~US$13.5B). The number of
employees at the site is forecast to exceed 5,000 by the end of 2012. When completed, the
Cosmodrome is forecast to permanently employ 20,000-25,000 and the newly constructed
spaceport is expected to finally result in a growth of 40 thousand people in the Vostochny
Cosmodrome area.
Prime Minister Putin is quoted as saying "The creation of a new space center ... is one of
modern Russia's biggest and most ambitious projects".
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Brazil and India as Emerging Space Faring Nations
The Brazilian Space Agency has been responsible for the Brazilian space program since it was
transferred from Brazilian military control in 1994. Brazil successfully launched its first rocket
into a suborbital space mission from the ASC in 2004.
Brazil and the Ukraine have created a company, the Alcântara Cyclone Space (ACS) bi-national
company whose purpose is cooperation in the use of the Cyclone-4 Launch Vehicle at the
Alcântara Space Center (ASC), in Alcantara, Brazil. The company was capitalized initially at
US$ 4.5M with the intent to grow that to US$ 105M.
Brazil has two launch facilities; the Alcântara Launch Center which is the launch site located
closest to the equator, giving it an advantage for launching geosynchronous satellites; and the
Barreira do Inferno Launch Center, located in Parnamirim, Brazil. It has a more limited capacity,
focusing on the launch of sounding rockets, and supporting the ALC.
Brazil has been developing its own four stage launch vehicle, simply called the VLS (the initials
of the Portuguese words for Satellite Launch Vehicle). Although its first three prototypes have
failed to launch the country is proceeding with the fourth prototype which it expects to launch in
2013.
Brazil is also developing other launch vehicles in cooperation with Russia under the Southern
Cross Program. The five rockets of the Southern Cross family will be based on Russia's Angara
vehicle and liquid-propellant engines.
The Brazilian government is planning to allocate $1 billion dollars to the Southern Cross Progam
for the project in the next six years.

Norway Space Centre
The Norwegian Space Centre (NSC), a government agency under the Ministry of Trade and
Industry, promotes the development, co-ordination and evaluation of national space activities
and cooperates with the European Space Agency (ESA). One of NSC’s principal goals is to
“maintain a leading role in space-related ground infrastructure”.

Research and Development Facilities
NASA
Ames Research Centre
Ames has a heavy focus on science, and is the host of the NASA Astrobiology Institute and
NASA Lunar Science Institute virtual organizations. Ames is the lead Centre for the Kepler
mission's search for Earth-sized planets in the habitable zone outside of our solar system, and
the science lead for the SOFIA airborne infrared telescope. The Ames family includes
researchers in biosciences, bioengineering, radiation and space biotechnology, earth science,
airborne science, biosphere science, atmosphere science, astrophysics, planetary systems and
exobiology. Ames research focuses on topics from the effects of gravity on living things to the
nature and distribution of celestial bodies, planets and life in the universe.
Ames is a leader in information technology research with a focus on supercomputing,
networking and intelligent systems. The centre also has strong expertise and facilities in support
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of fundamental space biology, biotechnology, aerospace and thermal protection systems, small
satellite missions, nanotechnology, simulation and modeling, wind tunnels, air traffic
management and human factors research.
Ames focuses on:


Science missions and payloads



Information and exploration technology



Aerospace and aeronautics



New ventures and communications



Small spacecraft and instruments

Dryden Flight Research Centre
NASA Dryden is critical in carrying out the overall agency's missions of space exploration,
space operations, scientific discovery, and aeronautical research and development (R&D).

Glenn Research Centre
NASA Glenn’s Core Activities include research and development in:


Air-Breathing Propulsion including engine cycles, advanced propulsion systems, component
improvements, controls and dynamics, harsh environment sensors, electronics,
instrumentation, health monitoring and management, materials and structures, power
extraction and management, icing, fuels and propellants, acoustics, fluid mechanics, heat
transfer, aerothermodynamics and plasmas;



Communications Technology and Development including advanced technologies for air
traffic management, communications and navigation among satellites, aircraft, spacecraft,
astronauts, robots and ground systems. This includes the Communications, Navigation, and
Networking re-Configurable Testbed (CoNNeCT) to enable the development of
communications, navigation and networking technology.



In-Space Propulsion and Cryogenic Fluids Management including propellants, chemical
propulsion, electric propulsion (ion, Hall, plasma) nuclear propulsion, cryogenic fluids
(oxygen, methane, hydrogen) handling, characterization, storage, delivery, demonstration
and flight packages



Power, Energy Storage and Conversion including power generation, energy conversion and
storage and power management and distribution including solar power generation, batteries,
fuel cells, regenerative fuel cells, flywheels, thermal energy conversion and heat rejection,
radioisotopes, fission, power electronics and power management and distribution



Materials and Structures for Extreme Environments including advanced materials, structures
and mechanisms for aerospace systems subjected to extreme environments



Physical Sciences and Biomedical Technologies in Space including physical and biomedical
systems to enable sustainable exploration of space including systems and technology for life
support, fire safety, crew health monitoring and support, space resource utilization and
thermal management
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Goddard Institute for Space Studies
GISS focuses on study of global change, addressing natural and man-made changes in our
environment that affect the habitability of our planet and occur on various time scales -- from
one-time events such as volcanic explosions, to seasonal effects such as El Niño, and on up to
the millennia of ice ages.
It occupies five of seven floors in Columbia University's Armstrong Hall in Manhattan, NY.

Jet Propulsion Laboratory (JPL)
JPL has continued to perform R&D for many years in advanced technologies including
aerodynamics and propellant chemistry, and technologies that evolved into tools for space flight,
secure communications, spacecraft navigation and control, and planetary exploration
NASA's Deep Space Network is managed by JPL. This international network of antenna
complexes on several continents serves as the communication gateway between distant
spacecraft and the Earth-based teams that guide them.
In addition to the Laboratory’s main Pasadena site and the three Deep Space Network
complexes around the world, JPL installations include an astronomical observatory at Table
Mountain, California, and a launch operations site at Cape Canaveral, Florida.
JPL has world leading expertise and facilities in four main areas; planetary exploration, Earth
science, astronomy and physics, and communications.


JPL Planetary Exploration

JPL has undertaken or participated in a very large number of planetary exploration missions
including:


Eight Ranger and Surveyor missions to the moon in the 60s



Mariner missions to Mercury, Venus and Mars in the 60s through the 70s



Viking missions to Mars in 1975



Voyageur missions to Jupiter, Saturn, Uranus and Neptune starting in the 1970s. Voyageur
spacecraft are expected to continue communicating information back to Earth until 2025.



Magellan to Venus, Galileo to Jupiter and Ulysses to the Sun – all solar system exploration
missions.



Observer, Global Surveyor, Pathfinder, Odyssey Exploration Rover, Spirit, Opportunity,
Reconnaissance Orbiter, and Phoenix Lander missions to Mars



Cassini-Huygens mission via Venus to Saturn



Stardust comet fly-by mission



Deep Impact (projectile on the surface of comet Tempel 1)



Microwave Instrument on Rosetta Orbiter on ESA spacecraft to an asteroid

In addition JPL has started the New Millennium Initiative - designed to flight-test new
technologies so that they can be reliably used in science missions of the 21st century –
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spacecraft Deep Space 1 &2. This Initiative includes deep space and Earth orbiting missions
managed by other NASA centers.
JPL also has a program of observations from the ground. JPL created the Near-Earth Asteroid
Tracking system, an automated system used at an Air Force observatory in Hawaii, to scan the
skies for asteroids or comets that could threaten Earth and the associated 1.2-meter-diameter
(48-inch) Oschin telescope on Palomar Mountain, California. JPL is now the designated
laboratory for NASA’ Near-Earth Objects Office and is tasked with coordination of observations
of Earth-crossing asteroids and comets by all NASA scientists.


JPL Communications

To provide tracking and communications for planetary spacecraft, JPL designed, built and
operates NASA’s Deep Space Network of antenna stations. Communications complexes are
located in California’s Mojave Desert, in Spain and in Australia. In addition to NASA missions,
the network regularly performs tracking for international missions sending spacecraft to deep
space. Ground stations also conduct experiments using radar to image planets and asteroids,
as well as experiments using the technique of very long baseline interferometry to study
extremely distant celestial objects. The Deep Space Network is also playing a major role in
Space Very Long Baseline Interferometry, a radio astronomy project teaming orbiting spacecraft
with ground antennas. Combining ground antennas with a Japanese spacecraft launched in
1997 approximately triples the resolving power previously achievable.


JPL Earth Science

JPL's activities in this area are sponsored by NASA's Science Mission Directorate.
Starting with the sensors and radar flown on the experimental Seasat in 1978, JPL has flown a
number of imaging radars and a large variety of other Earth observation sensors such as
scatterometers, imaging spectro-radiometers, thermal emission and reflection radiometers.


JPL Astronomy and Physics

Many of JPL’s missions in astronomy and physics have been focussed on infrared light based
observation to examine the cosmos.
In conjunction with Caltech, JPL operates the Infrared Processing and Analysis Center, which
has processed data for several infrared missions, both spaceborne and ground-based.
It is also a major participant in a number of space telescopes and observatories designed to
study the universe at various wavelengths.
JPL has provided key technologies for the
European Space Agency’s Herschel and Planck spacecraft, which rode together into space on a
single rocket following their launch on an Ariane rocket in May 2009


JPL Telecommunications Technologies

JPL has specialized expertise and experience in deep space navigation and communication,
digital image processing, imaging systems, intelligent automated systems, instrument
technology, and microelectronics.

Johnson Space Centre
JSC’s Space Food Systems Laboratory develops foods and food preparation technology
specifically adapted for the environment of space. In addition JSC’s Astromaterials Research
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and Exploration Science Directorate has responsibility for all NASA held extraterrestrial material
and which studies orbital debris and administers the study of photographs taken by astronauts.
In addition, many NASA demonstration and experimental projects in spaceflight technologies
are undertaken at JSC including the Orion vehicle for deep space travel and a humanoid robot.

Langley Research Centre
Langley manages infrastructure to undertake research and development support for the
following:


Spacecraft crew module launch abort systems including the Orion, the Max Launch Abort
System (MLAS) and systems for water landings,



Development of technologies to enable safe habitation of the moon, including lightweight
structures, advanced sensors and controls for safe moon landings, inflatable materials for
building habitats, tools for predicting harmful radiation, and systems for protecting
astronauts from hazards



Systems engineering and integration of the new Ares 1-X launch vehicle and assessments
of Ares V rocket shroud design, trajectory analysis for the Ares I-X flight test vehicle, lunar
surface build-up scenarios and polar outpost architectures, and analysis of a lunar electric
rover concept



Development of the Inflatable Re-entry Vehicle Experiment (IRVE), a new concept for a
heat shield



Exploration, and validation of structural, aerodynamic and operational advantages of
blended-body aircraft designs, and ultra-high bypass ratio engines



Insight into climate change factors by using the Cloud-Aerosol Lidar and Infrared Pathfinder
Satellite Observation (CALIPSO) and Climate Absolute Radiance and Refractivity
Observatory (CLARREO) data.

Marshall Space Flight Centre
MSFC has the following specific capabilities and ground based infrastructure to support space
R&D:


The Chandra X-ray Observatory -- the world's most powerful X-ray telescope -- to explore
celestial objects from as far as billions of light years away. Marshall is also leading the
Gravity Probe B mission, the Hinode solar research project, and several other important
New Frontier and Discovery missions and projects for NASA.



An extensive collection of unique advanced equipment to cut, grind, polish, and coat
precision optical components and to characterize and calibrate these optics in both Earth
and space environments. Marshall's expertise in optics is supported by the X-ray Calibration
Facility and facilities for metrology, coating, and fabrication.



MSFC manages the Michoud Assembly Facility, where the space shuttle external tanks
were built and which were intended to be used in the development of the Space Launch
System.



Capabilities in integrated modeling and simulation, developing, testing and integrating
launch vehicle systems; developing propulsion systems and components; developing
propellant management, storage and delivery systems; and designing automated
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rendezvous and capture systems.


Traditional chemical propulsion research on advanced systems and materials for rocket
engines, combustion chambers, and fuel tanks.



Propulsion Research Development Laboratory capable of supporting a broad range of
propulsion and technology development activities.

JAXA
Taiki Aerospace Research Field
This research field is focused on research in aerospace technology primarily aircraft vs
spacecraft. It also conducts scientific balloon-borne experiments.

The Sagamihara Campus,
The Sagamihara Campus conducts research and development in space technology including
the development and testing of experimental equipment for rockets and satellites. It conducts
research and development in space activities through launching scientific satellites, planetary
probes and scientific balloons to make observations of the atmosphere and outer space. It is
focused on the creation of new technologies for space science and the further development and
integration of space science research.

European Space Agency
The European Space Agency’s (ESA) member states maintain and operate their own national
research and development facilities.







United Kingdom (UK)
o International Space Innovation Centre (ISIC) (Hartwell, England)
Italy
o Italian Aerospace Research Centre (CIRA) (Capua, Italy). Space plane technology
o Centre for Space Geodesy (CGS) (Matera, Italy)
o Balloon Launch site (Trepani, Italy)
Germany
o German Aerospace Centre (Test and Research Institute for Aviation and Space
Flight)
o Research Institute of Jet Propulsion and Space Flight
o Institute for Space Systems (Bremen)
o Aerodynamics Laboratory (Gottinberg)
Spain

Manufacturing Facilities
NASA Michoud Assembly Facility
The Michoud Assembly Facility contains one of the largest production buildings in the nation,
which includes a vertical assembly building for stacking external tank components for the space
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shuttle program. Michoud supports several major projects for NASA’s Constellation Program,
which was developing America’s next generation of space transportation vehicles. Michoud’s
was scheduled to manufacture and assemble the upper stage of the Ares I rocket, the core
stage and Earth departure stage of the Ares V cargo rocket, and the Orion crew exploration
vehicle.

Test Facilities
NASA
Glenn Research Centre
The NASA Glenn facilities include wind tunnels, drop towers, vacuum chambers and an aircraft
hangar. NASA Glenn’s main campus, Lewis Field, is situated on 350 acres of land and contains
more than 150 buildings. NASA Glenn’s Glenn's Plum Brook Station is located 50 miles west of
Cleveland in Sandusky, Ohio, on 6,400 acres of land. Plum Brook Station has large, unique
facilities that simulate the environment of space. Both locations enable NASA, other
governmental agencies, and academic and industry partners from across the country to perform
specialized research and testing.

Goddard Space Flight Centre
Goddard maintains a Magnetic Test Facility, Propulsion Research site, an Antenna
Performance Measuring Range, and an Optical Tracking and Ground Plane Facilities.

Independent Verification and Validation (IV&V) Facility
GSFC manages the IV&V Facility on behalf of NASA.
The primary function of the IV&V, located in Fairmont, W. Va., is to ensure specialized computer
programs developed for missions operate perfectly by putting them through comprehensive
testing. The IV&V has a longstanding research agreement with West Virginia University

White Sands Test Facility
NASA originally chartered the White Sands Test Facility in New Mexico in the 1960s to test
rocket engines and other manned spaceflight components. Antenna dishes at the White Sands
Test Facility are part of NASA's ground-based ways of communicating with spacecraft and
collecting their data.

Langley Research Facility
Langley develops and tests new aerospace and space technologies and conducts flight
demonstrations.
It conducts system analysis in the disciplines of aeronautics, space
exploration, science missions, and space operations

Marshall Space Flight Centre
MSFC has the following test facilities:


Historic test stands such as the Dynamic Test Stand and the Saturn V S-1C Test Stand are
being refurbished for Ares tests. Marshall also houses America’s largest robotic weld tool.



State-of-the-art vacuum chambers, environmental test stands, clean rooms, manufacturing
areas, liquid oxygen and liquid hydrogen test facilities
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MSFC conducts Technology Demonstration Missions to assure crosscutting technologies for
flight readiness through projects that perform relevant environment testing. This allows
laboratory technologies to be tested in realistic space environments and conditions.

Stennis Space Centre
Stennis Space Centre was responsible for managing all of NASA’s propulsion test facilities
through NASA’s Rocket Propulsion Test Program which was terminated in 2010.
In accordance with NASA’s intent to increase commercial participation in providing space
transportation, Stennis is working with commercial companies to provide their rocket propulsion
testing needs. It has partnered with Orbital Sciences Corporation to provide testing of rocket
engines that will be used to power commercial transport flights to the International Space
Station.
Stennis scientists in its Applied Science and Technology Project Office also use remote sensing
technologies to expand and improve hurricane prediction capabilities. They also focus on
coastal management, an important consideration for the entire Gulf Coast region and one of
NASA’s national science priorities.
Stennis’ Office of Innovative Partnership Program (IPP) works with the private sector through
the transfer of NASA-developed technologies for exploitation in improving safety, efficiency and
effectiveness of propulsion testing.

JAXA
Chofu Aerospace Centre (CAC)
CAC supports R&D in aerospace. It conducts large scale testing and operates a wind-tunnel
test facility and a super-computer, both of which are of the largest scale in Japan

Noshiro Testing Centre (NTC)
NTC has various test facilities for research and development in high-performance rockets and
engines including the Air Turbo Ramjet (ATR) engine designed for the Reusable Launch
Vehicle, an air-breathing engine which uses less fuel than a rocket and can therefore transport a
larger payload.

Kansai Satellite Office (KSO)
The KSO provides technical support and space business consultations mainly to companies
and universities who are interested in the space business. This office also has test facilities for
a small satellite thermal vacuum and vibration tests.

ESA
European Space Research and Technology Centre (ESTEC) - Noordwijk,
Netherlands
The largest ESA establishment, a test centre and hub for European space activities. It has
responsibility for the technical preparation and management of ESA space projects and
provides technical support to ESA’s ongoing satellite, space exploration and human space
activities. ESTEC is the home to ESA’s Directorates of Technical and Quality Management and
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Telecommunications and Integrated Applications, and of the Research and Scientific Support
Department. It includes:





Concurrent Design Facility
Test facility
o comprehensive set of thermal and environmental test facilities; space simulation
facilities; acoustic facilities;
Engineering laboratories
o Avionics Laboratory, EMC/ML Laboratory, Antenna Test Facilities, RF Payload
Systems Laboratory, Power Laboratories (Power Systems, Solar Generator,
European Space Battery Test Centre,)

Launch facilities
Ten countries have so far demonstrated independent orbital launch capabilities, and seven
countries (i.e. the United States, the Russian Federation, China, Japan, India, Israel and Iran)
and the European Space Agency (ESA) have operational launchers (Jaramillo, 2010). Brazil,
Korea and Indonesia aim to develop their own launchers over the next five years. (OECD Space
Economy at a Glance 2011)

JAXA
Tanegashima Space Centre (TNSC)
TNSC is the largest rocket-launch complex in Japan (9,700,000 square meters). Its main role is
management of satellites at every stage including countdown, launch, and tracking. TNSC includes:


the Yoshinobu Launch Complex, a launch site for large-size rockets like the H-IIA and HIIB Launch Vehicles;



Spacecraft Test and Assembly Buildings, where payloads of launch vehicles, satellites
and explorers, are tested and assembled;



the Spacecraft and Fairing Assembly Building;



the Masuda Tracking and Communication Station;



the Uchugaoka Radar Station; and



optical observation facilities.

Kakuda Space Centre (KSPC)
KSPC leads Japan’s research and development in rocket engines particularly in the
development and testing of liquid-fuel rocket engines to be installed in rockets such as the HIIA. KSPC is building a High Altitude Test Stand, for test firing in a quasi-space environment.
The KSPC is also developing reusable rocket engines for reusable space-transportation
systems of the future, and an air-breathing combined-cycle engine which will be used during
atmospheric flights. The research is being conducted by simulation in the High Enthalpy Shock
Tunnel.
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Ogasawara Downrange Station
This station is equipped with radar (rocket telemeter antenna and precision radar antenna) to
check the flight trajectories, status, and safety of rockets launched from the Tanegashima
Space Centre (TNSC). The data received is immediately transmitted to the TNSC via a special
communication link

NASA
Kennedy Space Centre
The infrastructure at KSC supports the following major activities:


Support to the Space Shuttle Program: US$ 222M. Although this program is winding
down (almost completely) KSC expended US$ 222M on this program, which was
further augmented by activities under the SPOC (noted above) with JSC worth
almost US$ 900M for a total budgeted activity undertaken at KSC related to the
Space Shuttle Program of approximately US$ 1.1B



Support to the International Space Station Program including support for processing
and flow of Space Station components remaining at KSC: US$ 96M



Launch Services Program: US$ 399M including both direct and reimbursable
expenditures of about US$ 85M



The Constellation Program: US$ 175M to support ground systems design and
development and ground operations infrastructure, including activities applicable to
future programs. Until cancelled in Feb 2010 as a result of the US government’s
budget cuts and consequent realignment of NASA priorities, this program was
intended to support new rockets and spacecraft after NASA retired the Shuttle
program. However, NASA has indicated that “Much of the work completed this year
and those tasks that are still under way will be utilized by the emerging programs
proposed by the president and Congress, transforming Kennedy as the launch site of
choice for government and commercial launches.”



KSC Management and Operations: US$350M to maintain the center’s critical
mission essential facility systems and life safety systems, as well as core technical
capabilities and supporting infrastructure.

KSC manages, develops, integrates and sustains space systems through partnerships and the
following capabilities:


Acquisition and management of launch services and commercial crew development



Launch vehicle and spacecraft processing, launching, landing and recovery,
operations and sustaining engineering



Payload and flight science experiment processing, integration and testing



Designing, developing, operating, and sustaining flight and ground systems, and
supporting infrastructure



Development, test and demonstration
transformational technologies



Developing technology to advance exploration and space system

of

advanced
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It undertakes activities in support of aerospace and space with infrastructure in the following
categories:


Launch Vehicle Processing

KSC’s Launch Vehicle Processing Directorate and ground operations processing team prepared
Atlantis, Discovery and Endeavour for four missions to the International Space Station while
implementing personnel reductions resulting from the end of the Space Shuttle Program in
2011.


International Space Station & Spacecraft Processing

International Space Station and Spacecraft Processing Directorate have been instrumental in
constructing one of the largest scientific and technical collaborations in space at its Space
Station Processing Facility (SSPF). In Fiscal Year 2010, the International Space Station and
Spacecraft Processing Directorate provided support to NASA’s Commercial Orbital
Transportation Services (COTS) program of which SpaceX is the most prominent.


Launch Services Program

Prepares for launches and performs mission integration for a wide range of exploration and
science missions.


Constellation Ground Operations Project (cancelled in 2010)



KSC Planning & Development



Engineering & Technology



Research & Technology



Environmental Leadership



Education



Outreach

Dryden Flight Research Centre
In support of space exploration, Dryden manages the launch abort systems testing and
integration, in partnership with the Johnson Space Centre and Lockheed Martin, for the Crew
Exploration Vehicle that will replace the Space Shuttle.
Dryden was the primary alternate landing site for the space shuttle and orbital support for the
International Space Station.

Wallops Flight Facility
Wallops Flight Facility in Virginia is managed by GSFC and is NASA’s principal facility for
management and implementation of suborbital research programs. It launches low-cost,
versatile suborbital and orbital rockets, balloons and aircraft in support of Goddard Earth and
space science research. More than 14,000 rockets have lifted off from its facilities. The facility
also serves as a test site for new launch technologies.
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Marshall Space Flight Centre
Since 2011 Marshall has been developing NASA's advanced, heavy-lift Space Launch System,
the world’s most powerful rocket which is designed to enable crewed exploration missions
beyond low-Earth orbit. Lifting capacity of the new SLS will start at 70 tonnes, rising to 130
tonnes. The Space Launch System will carry NASA's Orion crew vehicle, cargo, equipment and
science experiments to space. NASA intends to launch the first, full-scale test flight of the Space
Launch System by late 2017. http://www.nasa.gov/exploration/systems/sls/H-12-211.html

Russia (Roscosmos)
Roscosmos uses a launch family of several rockets; the most famous of them is the Soyuz
rocket, capable of launching about 7.5 tons into low Earth orbit (LEO). The Proton rocket has a
lift capacity of over 20 tons to LEO.
Currently rocket development encompasses a new rocket system, Angara, as well as
enhancements of the Soyuz rocket, Soyuz-2 and Soyuz-2-3. Two modifications of the Soyuz,
the Soyuz-2.1a and Soyuz-2.1b have already been successfully tested, enhancing the launch
capacity to 8.5 tons to LEO.
The military counterpart of the Roscosmos is the Military Space Forces (VKO). The VKO
controls Russia's Plesetsk Cosmodrome launch facility. The Roscosmos and VKO share control
of the Baikonur Cosmodrome, where the Roscosmos reimburses the VKO for the wages of
many of the flight controllers during civilian launches. The Roscosmos and VKO also share
control of the Yuri Gagarin Cosmonaut Training Centre. It has been announced that Russia is to
build another spaceport in Vostochny. The Vostochny Cosmodrome is scheduled to be finished
by 2018.
Launch facilities used are Baikonur Cosmodrome in Kazakhstan (with most launches taking
place there, both manned and unmanned) and Plesetsk Cosmodrome in northern Russia used
primarily for unmanned flights of military designations.
The Yuri A. Gagarin State Scientific Research-and-Testing Cosmonaut Training Centre (GCTC)
is a Russian training facility located in Star City, Russia where cosmonauts receive their
training.
Cosmonauts of the Russian Federal Space Agency, and the Soviet space program before it,
have lived and trained in Star City since the 1960s. The Star City facility is more than a training
Centre. It is full service with a post office, high school, shops, child day care/kindergarten,
movie theater, sports and recreation facilities, railway station, and a museum of space travel
and human exploration. Air transportation is available through nearby Chkalovsky Airport.
The facility contains infrastructure essential for the training of cosmonauts across a wide range
of experiences, including simulating g-loads, mission specific/suit training, medical
observation/testing and astronavigation.
Key GCTC facilities include:


Full-size mockups and simulators of all major spacecraft developed since the Soviet era,
including the Soyuz and Buran vehicles, the TKS modules and orbital stations of the
Salyut Program, Mir, and ISS. These were coexisting or with time replaced one another
inside two main training hangar halls of the Centre.
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Zero-gravity training aircraft for simulating weightlessness



A Medical observation clinic and testing facility.



A planetarium capable of projecting as many as 9,000 stars

ESA
Guiana Space Centre (CSG). (Kourou, French Guiana).
Europe’s gateway to space. Covering 96 000 hectares, it has a workforce of some 1500 people,
drawn mainly from the French space agency CNES, Arianespace and European industry. ESA
is the owner of the launch and launcher production facilities and finances a significant part of the
fixed costs of the launch base. CSG is ideally sited for launching satellites, in particular because
it is close to the equator.

El Arenosillo Launch site (Robledo de Chavela, Spain).
For atmospheric sounding rockets.

Centre Nationale d’Etudes Spatiale (CNES)
CNES is the main participant on the Ariane launch vehicle project. CNES designed and tested
all Ariane family rockets (mainly from its centre in Évry near Paris). It is operated under the
auspices of the French Ministries of Defence.

Norway
The Andoya Rocket Range in Norway (ARR) is responsible for all sounding rocket and scientific
balloon operations launched from Norwegian territory. The Norwegian Space Centre (NSC)
owns 90% of this commercially operated rocket range. Kongsberg Defence & Aerospace owns
the remaining 10%.

Training systems and facilities
NASA
Johnson Space Centre
All NASA astronauts train at JSC. NASA’s Mission Control Center is at JSC.
Specific training facilities operated by JSC include:


The JSC Space Vehicle Mockup Facility: to train astronauts, engineers and other
mission support professionals in orbiting laboratory operations. It has a precision airbearing floor, a partial gravity simulator, and virtual reality simulator.



The Neutral Buoyancy Lab

JSC works with other organizations and the private sector through the Strategic Opportunities
and Partnership Development Office
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Russia (Roscosmos)
The Yuri A. Gagarin State Scientific Research-and-Testing Cosmonaut Training Centre (GCTC)
is a Russian training facility located in Star City, Russia where cosmonauts receive their
training.
Cosmonauts of the Russian Federal Space Agency, and the Soviet space program before it,
have lived and trained in Star City since the 1960s. The Star City facility is more than a training
centre. It is full service with a post office, high school, shops, child day care/kindergarten, movie
theatre, sports and recreation facilities, railway station, and a museum of space travel and
human exploration. Air transportation is available through nearby Chkalovsky Airport.
The facility contains infrastructure essential for the training of cosmonauts across a wide range
of experiences, including simulating g-loads, mission specific/suit training, medical
observation/testing and astronavigation.
Key GCTC facilities include:


Full-size mockups and simulators of all major spacecraft developed since the Soviet era,
including the Soyuz and Buran vehicles, the TKS modules and orbital stations of the
Salyut Program, Mir, and ISS. These were coexisting or with time replaced one another
inside two main training hangar halls of the Centre.



Zero-gravity training aircraft for simulating weightlessness



A Medical observation clinic and testing facility.



A planetarium capable of projecting as many as 9,000 stars

ESA
EAC – European Astronaut Centre (Cologne, Germany).
The EAC is a training facility and home base for all European astronauts. It is a centre of
excellence for astronaut training and medical support.

Data reception / management stations
JAXA
Earth Observation Centre
The EOC is focused on development and use of space based earth observation technology.
Using large parabolic antennae to receive data from satellites the EOC stores the data on
magnetic tapes in a data archive system, and processes it into simple images for use by
laboratories, universities and governments in Japan and around the world.

Usuda Deep Space Centre (UDSC)
The UDSC conducts command operations and receives data from deep space probes which
observe planets and comets. It operates a large parabolic 64 m antenna for X-band
communications at 8 GHz.
In addition to the UDSC, only NASA, ESA, and the Space
Research Institute of Russia (IKI) operate parabolic antenna of this size for deep space probes.
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Katsuura Tracking and Communication Station
The Katsuura Tracking and Communications Station is a satellite TT&C station.

Masuda Tracking and Communication Station
Masuda is primarily a satellite TT&C station. It sends data to the Tsukuba Space Centre. It also
has precision radar to track a launch vehicle and receive telemetry signals transmitted from a
launch vehicle to monitor its flight.

Okinawa Tracking and Communication Station
The Okinawa Tracking and Communication Station is a satellite TT&C station

ESRIN - ESA’s centre for Earth observation (Frascati, Italy).
It manages the ground segment for ESA and third-party Earth observation satellites, maintaining
the largest archive of environmental data in Europe, coordinating over 20 ground stations and
ground segment facilities in Europe and cooperating with another 20 ground segment operators
worldwide. As well as home to ESA’s Directorate of Earth Observation Programmes, it hosts
the project team managing the Vega small-launcher programme.

Broglio Space Centre (Kenya).
Italian spaceport used primarily as a communications ground station.

Madrid Deep Space Communications Complex - (Robledo de Chavelo, Spain).
Ground station used by Spain as well as a part of the NASA Deep Space Network. The complex
has five antennas:





DSS-54 and DSS-55 are 34-meter beam waveguide antennas.
DSS-63 a 70-meter antenna (transmit in S and X-band with a power up to 400 kW;
receive L, S, and X bands).
DSS-65 a HEF (high-efficiency) antenna (transmit in X-band with a max of 20 kW;
receive in S- and X-band.
DSS-66 a 26-meter antenna used in support of near-Earth missions and the early orbit
phase of deep-space missions.

Canberra Deep Space Communication Complex (Canberra, Australia).
Ground station used by Australia as well as a part of the NASA Deep Space Networ .

Norwegian Space Centre (NSC)
NSC owns 50% of Kongsberg Satellite Services AS (KSAT), a commercial enterprise.
Kongsberg owns the other 50%. Kongsberg is an international, knowledge-based group that
supplies high-technology systems and solutions to customers engaged in the oil and gas
industry, the merchant marine, and the defence and aerospace industries.
KSAT operates a network of interconnected polar ground stations (e.g. Tromso Satellite Station
(TSS) and Svalbard Satellite Station (SvalSat)) and antennas optimally positioned for access to
polar orbiting satellites. It also operates a satellite station in the Antarctic (Troll Satellite Station).
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KSAT supports over 60 satellites including high resolution SAR and electro-optical satellites. It
provides earth observation data and services.
TSS also operates a Local User Terminal for the COSPAS/SARSAT satellite-based search and
rescue system.
KSAT could be considered the global leader in providing ground station network services
including Telemetry, Tracking and Commanding (TT&C) and Data Acquisition services,
especially over the pole(s).
Because Canada and Norway share a similar northern geography with concomitant
infrastructure challenges, a cooperative initiative in ground infrastructure for or employing
space-based assets may prove to be of mutual benefit.

Application Specific Data Processing Facilities
ESAC - The European Space Astronomy Centre (Madrid, Spain)
The scientific operations centres for ESA's astronomy and planetary missions, along with their
scientific archives. It provides services to astronomical research projects worldwide.

Redu Centre (Belgium)
Responsible for controlling and testing a range of satellites as part of ESA’s ground station
network. It is also home to the Space Weather Data Centre (as part of the ESA's Space
Situational Awareness Preparatory Programme).

Operations / Command systems
Johnson Space Centre
NASA’s Mission Control Center is at JSC.

Marshall Space Flight Centre's Payload Operations Center
The MSFC Payload Operations Centre is the science command post for American and
international science activities on board the International Space Station. The Payload
Operations Center's unique capabilities allow science experts and researchers around the world
to perform cutting-edge science in the unique microgravity environment of space.
MSFC experts coordinate the use of valuable on-orbit resources, orchestrate delivery and
retrieval of payloads, ensure safety for space station crews while working with payloads and
configure complex systems on board the station to support payloads. Specialized facilities and
capabilities provide near-real-time data, voice, video, information management, data reduction,
and payload planning, providing scientists around the world a direct link with their experiments.
This facility also supports shuttle launches, monitoring a range of propulsion parameters

ESA
European Space Operations Centre (ESOC) - (Darmstadt, Germany)
ESOC ensures the smooth working of spacecraft in orbit. Its control rooms, which are linked to
ground stations all over the world, track and control satellites, issuing commands for spacecraft
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manoeuvring and payload operations, and carry out routine systems monitoring. ESOC is the
home of ESA’s Directorate of Human Space Flight and Operations.

Madrid Deep Space Communication Complex (Madrid, Spain).
The Madrid Deep Space Communications Complex (MDSCC) is a ground station located in
Robledo de Chavela, Spain, and operated by Ingenieria y Servicios Aeroespaciales, S.A.
(INSA) for Instituto Nacional de Técnica Aeroespacial. It is part of NASA's Deep Space Network
run by the Jet Propulsion Laboratory.
The complex has five antennas:


DSS-54 and DSS-55 are 34-meter beam waveguide antennas.



DSS-63 was built in 1974 as a 64-meter antenna, and upgraded to 70 metres in the late
1980s. It can transmit in S and X-band with a power up to 400 kilowatts and receive in L, S,
and X bands. DSS-63 weighs a total of 8000 tons, whereby the dish has a weight of 3500
tons. Its reflecting surface is 4,180 square metres (45,000 sq ft).



DSS-65 was built in 1987 and has a diameter of 34 meters. It is a HEF (high-efficiency)
antenna. It can transmit in X-band with a maximum power of 20 kW and receive in S- and Xband. The weight of DSS-65 is 400 tons, whereby the dish weighs 350 tons.



DSS-66 is a 26-meter antenna used in support of near-Earth missions and the early orbit
phase of deep-space missions. This antenna was moved in 1983 from the nearby
Fresnedillas NASA tracking station, prior to that station being shut down in 1985.

The antennas and data delivery systems make it possible to acquire telemetry data from
spacecraft, transmit commands to spacecraft, track spacecraft position and velocity, perform
Radio Astronomy (both single-dish and very-long-baseline interferometry) observations,
measure variations in radio waves for radio science experiments and monitor and control the
performance of the Deep Space Network.
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