SPACE BIG DATA
OVERCOMING BARRIERS, CREATING VALUE

EXECUTIVE SUMMARY
SSP2016

Space Big Data
We propose a deﬁnition for space big data (SBD), map the activities of
stakeholders, identify challenges they face, provide solutions, and outline
recommendations to increase the resulting value.
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WHAT IS SPACE BIG DATA?
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WHAT IS SPACE BIG DATA?
Pictures of the Earth, images of the stars,
worldwide communication, and route
planning from the palm of your hand...
These are just a few examples of SBD.

“Information is the oil of the 21

century, and
analytics is the combustion engine”
- Peter Sondergaard, Gartner Analyst
st

SPACE DATA

There is no agreement on a deﬁnition
of SBD, but it intersects two worlds: the
space industry and the big data universe.

2020s - SQUARE KILOMETRE ARRAY

telescope will output more data in a week than humankind has accumulated up to 2003, > 5 PB (1018 bytes).

Facebook and Google transformed the
world we live in by extracting value from
internet big data.
Value in terms of SBD can be, but is not
limited to, money, scientiﬁc outcome,
and knowledge.

2016 - ZETTABYTE ERA

arrives with global IP traﬃc exceeding 1ZB (1021 bytes) per
year for the ﬁrst time.

TIME

2016

2015 - ESA SENTINEL 2A SATELLITE

generates 1.6 TB (1012 bytes) of data per day, the equivalent
of one consumer sized hard disk drive.

We have not yet reached a comparable
level to big data, but we are investigating
possible recommendations for the SBD
world.

1997 - BIG DATA
is ﬁrst mentioned in a
scientiﬁc publication.
Information overload is
identiﬁed as a future
challenge.

1969 - APOLLO 11

WHAT IS BIG DATA?

guidance computer used 64
kB (103 bytes) of memory to
bring astronauts to the Moon.

VOLUME
VARIETY
VERACITY
VELOCITY

Scale of data

Different forms of data

Uncertainty of data

High speed of data ﬂow

More than 1.5 billion Facebook users, 500
hours of videos uploaded to YouTube every
hour and 1.2 trillion Google searches per
year...

DATA

The term big data captures the phenomena
of exponential growth of data and its impact
on society. The four Vs, mentioned to the
left, are commonly used to characterize big
data.
Commercial interest in big data is driving
research to develop new technologies for
extracting value.

2016

TIME
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WHO ARE THE STAKEHOLDERS?

6

KNOWLEDGE
1 0 0
1 1 1
0
SCIENCE
1 0 0
1 1 1
0

MONEY

$ $ $
$ $ $
$

On the journey from

space

to your cell phone or
computer, data undergoes
several stages.

Data has to be collected,

stored,

and processed before the data

MANUFACTURERS

can reach its users in the form
of an application.

End users provide a market to the

stakeholders and the ﬁnancial incentive to
subsist and evolve.

REPOSITORIES
DATA MANUFACTURERS are space
agencies, institutions, or companies
using a variety of sensors to collect and
generate information from Earth, its
atmosphere, and astronomical objects.
DATA REPOSITORIES store datasets in a structured
and organized manner. They archive, provide access to,
and disseminate data according to end user requirements.

PROCESSORS

Space big data allows researchers to

further our

scientiﬁc knowledge about space and Earth.

DATA PROCESSORS are individuals, companies, or institutions who
generate meaningful results either by analyzing raw data or combining
data from multiple sources.
DATA APPLICATIONS are tools and products that create value out of processed data.
Applications provide an interface for working with the data. Generally, the applications
fall within the ﬁelds of remote sensing, geographic information systems (GIS), satellite
navigation, and telecommunications, or astronomical observation.
END USERS can be categorized as direct or indirect. Direct users are scientists and professionals
who utilize and analyze raw, unprocessed, or processed data. Indirect users use
information as the ﬁnal data product through applications.

APPLICATIONS
END USERS

WHAT ARE THE CHALLENGES?
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FOUR MAIN CHALLENGES

Stakeholders have not taken advantage
of the full potential of space big data.
New business models are required to
maximize value generated.
This applies equally to commercial and
scientiﬁc domains, where value equates
to money and knowledge respectively.
Technology, law, and policy are needed
to combine to streamline this process
across all stakeholders.
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We analyzed the SBD stakeholders and identiﬁed
challenges that dictate the future of the industry:
standardization across all stakeholders, technology
bottlenecks, models for value extraction, and
balancing openness with privacy in data sharing.

Valu
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Limited capability of conventional onboard processing algorithms and the
constrained downlink capacity severely
hinders our ability to capture all SBD.

The ability of scientists, companies, and
governments to generate meaningful
value from SBD is fundamentally limited
by lack of uniformity.

The current legal and political framework cannot handle the fallout due to
misuse stemming from exponential
growth of SBD.

Additionally, data processing techniques
have not adapted or improved as fast as
data gathering capabilities.

Understanding, extrapolating from, and
combining SBD from many different
sources is made diﬃcult by the lack of
standard interfaces, metadata, tools,
processes, and collaboration.

The SBD industry will only grow through
further data sharing and openness.
However, this necessitates technology,
political, and legal solutions to ensure
that information remains protected.

New High-Performance Computing
(HPC) architectures restructured for SBD
applications will be necessary.
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WHAT CAN WE DO?
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SOLUTIONS
The interconnectivity of both space big data stakeholders and
challenges offers a unique opportunity.
The identiﬁed solutions address technical, legal, and economic
challenges.

STANDARDS
The major players in international SBD should cooperate to create
a set of standards for gathering, storing, processing, and sharing
space data. This should be done in combination with establishing
an oﬃce at the International Organization of Standardization (ISO)
to manage space data.
Common standards within similar data types will promote greater
interoperability by reducing data combination efforts. Both
commercial and government stakeholders stand to beneﬁt.

PRIVACY AND OPENNESS
New policies and privacy laws, both on national and
international levels, should distinguish between
public and private data.
In writing new policies and laws, input from all stakeholders should be considered equally to ensure that
both commercial and public interests are taken into
account.

COMMERCIALIZATION
To take greater advantage of the capabilities offered by space big
data, governments and agencies should encourage development
of space big data associated technologies through projects using
new applications.

DATA COMPREHENSION
Advanced computing technologies developed in
other ﬁelds should be adapted to the needs of SBD
processing and analysis.
Artiﬁcial intelligence, especially machine learning
algorithms, will improve users’ ability to produce
meaningful and novel results eﬃciently.

This will lead to further development and involvement of space
big data in associated industries.
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HOW CAN WE SOLVE THIS?
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THE TURNING POINT
We are witnessing a turning point for SBD. Currently,
governments and investors are providing signiﬁcant
resources to back new initiatives and enterprises.
Establishing a roadmap of recommondations will facilitate continuous exploitation of the exponentially
growing SBD.
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Invest in emerging companies

We deﬁne the near future as the coming decade and
the far future as what the SBD industry will look like
once the market has matured.

related to SBD.

NOW

Evaluate

opportunities,
proﬁts, and risks.

Promote new

technologies that
can be used in SBD.

Proﬁtable markets for SBD,
encouraging further development.

Applied - new technology
used in SBD.

Develop a comprehensive
technological foundation for
working with SBD.
Monitored systems and

Aggregate standards for

a global network for SBD.

SBD storage and processing.

Locate the main

ﬁelds and industries.

Identify key

stakeholders in the
space sector.

Craft new policies

regarding SBD.

Conducive environment
that balances privacy and
openness.

CONCLUSION
We characterized SBD by its volume, velocity, variety, and
veracity, but its relevance is determined by our ability to
extract value from the data. The SBD world involves complex interactions between stakeholders. We have analyzed
the stakeholders and identiﬁed four main challenges they
face. Based on these, we have developed a roadmap that
includes an initial exploration of technological, economic,
and legal recommendations to derive value from SBD.
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HOW CAN YOU GET INVOLVED?																

TEAM & ACKNOWLEDGMENTS
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WHAT IS YOUR

FIELD

GENERAL

PUBLIC

Sign up on citizen science platforms
like Zooniverse.org and help us analyze SBD!

ENGINEER/

SCIENTIST

SCIENTIST

Share your SBD, build international
partnerships, and publish openly!

GOVERNMENT

INSTITUTION

SPACE

APPLICATION

BUILDER

AGENCY

EDUCATOR
Join the International Space Apps Challenge
(spaceappschallenge.org)
and use SBD to change the world!

MAKER

ENTREPRENEUR

POLICY

MAKER

Open SBD access and promote
innovation while protecting our privacy!
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Barak Fishbain and Daniel Brack, and our Teaching Associate Sanja Šćepanović
as well as, Ilan Porat, Daniel Green, Ayelet Baram-Tsabari, Nimrod Kozlovski,
Hagit Messer-Yaron, Romi Mikulinsky, Francesc Guim Bernat, Pier Giorgio Marchetti,
Philippe Armbruster, José Manuel Delgado Blasco, Kerrie Dougherty,
David Cohen, Laura Rose, and Andrée-Anne Parent.
Graphic symbols in this document were designed by Dave Gandy, Gregor Cresnar,
and Freepik from Flaticon.
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Your opportunity is now:
invest and support the SBD industry!
Develop hands-on projects using SBD
for STEM education!

Electronic copies of the Executive Summary and Report can be downloaded from the
ISU Library website at http://isulibrary.isunet.edu/
International Space University
Strasbourg Central Campus
Parc d’Innovation
1 rue Jean-Dominique Cassini
67400 Illkirch-Graffenstaden
France
Tel: +33 (0)3 88 65 54 30
Fax: +33 (0)3 88 65 54 47
e-mail: publications@isu.isunet.edu
website: www.isunet.edu
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SPACE BIG DATA is sponsored by:
Twitter: @SpaceBigData

