Musk’s Mars
colony vision
Stephen Ashworth, p.10

Citizens join
space nation
Janis Hunt, p.53

Future
fashion
Annalisa Dominoni, p.102

#4 (10) 2017

April 3 – 6, 2017

The Broadmoor Hotel, Colorado Springs, Colorado USA

The Premier Global, Commercial, Civil,
Military and Emergent Space Conference
WE HAVE SPACE FOR YOU!

WE DELIVER…
Timely Topics and Global Perspectives
The Newest in Global Space Technology
Industry Leaders and Decision Makers
Plentiful Networking Opportunities

“This was without question the best
organized and produced conference
I have attended – ever.”
– 32nd Space Symposium Attendee
April, 2016

www.SpaceSymposium.net

+1.800.691.4000

Foreword

Igor Ashurbeyli
Editor-in-chief

Frank De Winne
ESA astronaut

reaming big in my book was always the
only way worth dreaming. For as long as I
can remember I was always convinced
that the world should be good for
everyone, that the more people are happy, the
better place for all it becomes, irrespective of the
country of birth, race or gender.
, GUHDPW RI ă\LQJ DQG WKDW LV ZK\ , EHFDPH D
pilot. I dreamt to preserve peace and that is why
I joined military - to work hard on safeguarding
peace. I made an astronaut selection and I was
SULYLOHJHG WR ă\ WR VSDFH
And this is where it all came together - as I was
looking out of the window of the International
Space Station I saw with my own eyes that borders
do not exist. I saw continents, I saw the most
PDJQLĂFHQW FRORXUV , VDZ GD\ DQG QLJKW FKDQJLQJ
every 45 minutes, I saw familiar shapes from the
map - you would all recognise Italy - the natural
shape of the peninsula.
But I did not see any borders, even though I
instinctively tried to look. The only contours I
could see from space were the contours of the
continents which naturally formed on Earth
over the millions and millions of years, under the
LQăXHQFH RI RXU HQWLUH JDOD[\ DV LW HYROYHG ZKLOH
planets and stars were forming; our galaxy being a
VPDOO SDUW RI WKH LQĂQLWH 8QLYHUVH
Life in space as a metaphor has inspired people
for many centuries. Life in space as an activity has
so far been available only to a select few. Life in
space as a goal is nowadays driving the inspiration
and the break thoughs of the great thinkers of the
21st century.
One such life-changing ideas was brought to
public view on 12 October 2016. Nothing less than
a new nation, the space nation - Asgardia.
Dreaming big is what resonates with me the
most in the Asgardia concept. I wholeheartedly
invite you to read about it on page 53 and I hope
you share in my excitement of the vision.

D

Making the world
a better place for
everyone
:KLOH , ZRXOG ORYH WR ă\ WR VSDFH DJDLQ LW LV
clear that it is going to be somebody younger than
PH ZKR ZLOO EH WKH ĂUVW KXPDQ WR ă\ WR $VJDUGLD
E\ WKH WLPH LW ODXQFKHV LWV ĂUVW KDELWDEOH SODWIRUP
It will happen only a few generations of
ODXQFKHV ODWHU WKDQ WKH ODXQFK RI WKH ĂUVW $VJDUGLD
VDWHOOLWHV $QG \HW LW LV D YLVLRQ ZKLFK , ĂQG WKH
most inspiring in its complexity, as it offers a
renewed philosophy of humanism, a long awaited
interplanetary (literally, interplanetary, as opposed
to just global) approach to legislation and a sound
technical roadmap for achieving it.
5HăHFWLQJ WKH $VJDUGLD SURMHFW WKLV LVVXH
of ROOM has much to inspire. There is a
commentary on Elon Musk’s equally ambitious
plans for Mars (p10) and a detailed report by
engineers from Lockheed Martin on the practical
implications of NASA’s own ‘Journey to Mars’ (p16).
Articles from graduate scientists and engineers
(Micehab p43) and (CosmoCrops p48) look at some
of the practical issues for future human Solar
System exploration, while Rick Tumlinson (p64)
and Joe Pelton (p68) argue for political changes
that will allow humanity’s expansion into space.
Author Arthur C Clarke once predicted, “In the
new wilderness of the Solar System may lie the
future preservation of mankind.” So, it seems, we
DUH ĂQDOO\ DW WKH GDZQ RI D QHZ IURQWLHU 7KLQJV
once foreseen by the great dreamers of the
previous centuries and decades may come true
in our life time - a space nation aspiring to be an
LQGHSHQGHQW FRXQWU\  WKH ĂUVW HYHU VWDWH LQ VSDFH
One might question if that is possible. All
I can say is that enough people questioned
whether it was possible for me to become an
astronaut. My answer - dream big, dream for
the good of the humankind.

Things once
foreseen by
the great
dreamers
of previous
centuries and
decades may
come true in
our life time

Frank De Winne
(6$ DVWURQDXW 81(6&2 (2/66
‘The Science of Space’ committee

ROOM 3

Contents

10

Contents
FOREWORD
3

Making the world a better place
Dreaming big for the good of humankind
Frank De Winne, ESA astronaut, UNESCO EOLSS
‘The Science of Space’ committee

8

Casini heads for spectacular finale
1$6$ÛV 6DWXUQRUELWLQJ VSDFHFUDIWLVLQWKHĂQDO
PRQWKV RI LWV ORQJ PLVVLRQ

33

SPECIAL REPORT
10

Elon Musk and Mars looking for a snowball effect
What is behind the entrepreneur’s expansive vision to
FRORQLVHWKHUHGSODQHW"
Stephen Ashworth 9ROWDLUH)RXQGDWLRQ2[IRUG
8QLYHUVLW\ (QJODQG

16

Blueprint for NASA’s journey to Mars
/RFNKHHG 0DUWLQÛV WHFKQRORJ\ URDGPDSWRVXSSRUW
1$6$ÛV0DUVH[SORUDWLRQSODQV

38
4 ROOM

Timothy Cichan, Stephen A. Bailey, Scott D. Norris,
Robert P. Chambers, Steven D. Jolly & Joshua W.
Ehrlich, Lockheed Martin Space Systems Company, USA

Contents

43
SPACE SECURITY
23

Safety and security of space activities in Earth orbit
are a matter of grave concern

29

52

Protecting our space interests
48

Gerard Brachet 6SDFH 3ROLF\ &RQVXOWDQW )UDQFH

6HOIVXVWDLQDELOLW\ ZLOO EH D NH\ FRQWULEXWRUWRWKH
success of future space missions

Prospects for progress on space security
diplomacy

Iris M. Madsen 6WDHO 1DVHUL )RX]LD +DPLG $NKWDU
&KULVWLQD 7ROGER 8QLYHUVLW\ RI &RSHQKDJHQ'HQPDUN

$ IUHVK DSSURDFK LV QHHGHG LQWHUQDWLRQDOO\WRPDNH
progress on the space security

52

Janis Hunt, Editor, ‘The Science of Space’ & ROOM,
United Kingdom

Global robotic network for monitoring
near-Earth and outer space
A Russian robotic system for monitoring near-Earth
and outer space promises big returns

Creating a space nation
'U ,JRU $VKXUEH\OL WDNHV WKHĂUVWVWHSVWREXLOGLQJWKH
ĂUVWHYHUQDWLRQLQVSDFH

Paul Meyer 6LPRQ )UDVHU 8QLYHUVLW\DQG7KH6LPRQV
)RXQGDWLRQ 9DQFRXYHU &DQDGD

33

Growing plastic-producing bacteria in space

60

UN strategy lifts capacity for
non-spacefaring countries
A new partnership between UN and Sierra Nevada
&RUSRUDWLRQRIIHULQJRUELWDOUHVHDUFK

V.M. Lipunov, Space Monitoring Laboratory, Moscow
State University, Moscow

Simonetta Di Pippo, United Nations, Austria

ASTRONAUTICS
OPINION
38

New oceans beckon for solar sail technology
7KH SURPLVH RI SURSHOODQWOHVV SURSXOVLRQRIIHUHGE\
VRODUHQHUJ\LVEHFRPLQJDUHDOLW\

64

Les Johnson *HRUJH &0DUVKDOO6SDFH)OLJKW&HQWHU
LQ +XQWVYLOOH 86$

43

Mini space station for mice to study effects
of reproduction in reduced gravity

Opening up the infinite frontier
([SORLWLQJ KH QHZ IURQWLHU RI VSDFH DQG ZK\
JRYHUQPHQWVVKRXOGDGRSWQHZVWUDWHJLHV
Rick Tumlinson 1HZ :RUOGV,QVWLWXWH 'HHS6SDFH
Industries, United States

68

Growing space agency dilemma

6WXG\LQJ RQH RI WKH FKDOOHQJHV WKDW FRXOGDIIHFW
KXPDQVXUYLYDORQDQRWKHUSODQHW

6SDFH DJHQFLHV VKRXOG EUHDN IURP WKHLU FRPIRUW ]RQHV
DQGOHDGLQGHIHQGLQJRXUSODQHWIURPFRVPLFKD]DUGV

Dr Erica Rodgers & Dr Matthew Simon, NASA
/DQJOH\5HVHDUFK&HQWHU86$

Joseph N. Pelton ,QWHUQDWLRQDO $VVRFLDWLRQIRU
Advancement of Space Safety (IAASS)

ROOM 5

Contents

95

Space is open for business
:KDW KDSSHQV ZKHQ VSDFH DQG QRQVSDFH SHRSOH PHHW
WRH[FKDQJHLGHDVRQWKHIXWXUHRIVSDFHH[SORUDWLRQ"
Bernhard Hufenbach, ESA Directorate of Human &
5RERWLF ([SORUDWLRQ(67(&7KH1HWKHUODQGV

100 Space for art
1$6$ DVWURQDXW 1LFROH 6WRWW ZULWHV IRU 5220 DERXW
the inspiration that comes through the integration of
DUW DQGVFLHQFHLQKHUUHJXODUFROXPQ
Nicole Stott, astronaut, artist and sci/art advocate

102

Space research inspires innovation in fashion
7KH VWDUV FRQWLQXH WR H[HUW D VWURQJ LQăXHQFH RQ RXU
FXOWXUHQRZKHUHPRUHVRWKDQLQWKHZRUOGRIIDVKLRQ

72
Annalisa Dominoni & Benedetto Quaquaro,
3ROLWHFQLFR GL 0LODQR,WDO\

SPACE SCIENCE
USEFUL SPACE
72

77

Planetary nebulae may hold clue
in search for helium-3

108 Book reviews

6FLHQWLVWV DUH QRZ WXUQLQJ WR SODQHWDU\ QHEXODWRKHOS
VROYHWKH8QLYHUVHÛVPLVVLQJ 3+HSUREOHP

$ UHJXODU VHFWLRQ RI ERRN UHYLHZV IRU ERWK WKHVSDFH
SURIHVVLRQDODQGDZLGHUJHQHUDODXGLHQFH

Lizette Guzman-Ramirez, Leiden Observatory, The
1HWKHUODQGV

Mark Williamson6SDFH7HFKQRORJ\&RQVXOWDQW
Cumbria, UK

Rosetta and Philae - outstanding
climax to pioneering mission
&RQFOXGLQJ D XQLTXH DQG SHUVRQDO YLHZRIWKH
ground-breaking Rosetta mission

110 Jobs and Careers
ROOM’s UHJXODU MREV DQG FDUHHUV UHIHUHQFHSDJHZLWK
ZHEVLWH OLQNV WR PDMRU VSDFH HPSOR\HUV

111 Space business finance

83

Paolo Ferri, Head of Mission Operations, ESOC,
Darmstadt, Germany

3URĂOH RI 6HUDSKLP &DSLWDO D QHZ EUHHG RI YHQWXUH
FDSLWDOIXQGIRUWKHJOREDOVSDFHEXVLQHVV

Twinkle - a mission to unravel the story
of planets in our galaxy

Mark Boggett&(26HUDSKLP&DSLWDO/RQGRQ8.

([RSODQHWV DUH XELTXLWRXV DQG FDQ EH IRXQG DURXQG
DOO W\SHV RI VWDUVEXWZKDWHOVHGRZHUHDOO\NQRZ
DERXWWKHP"
Giovanna Tinetti, Professor of Physics and
$VWURQRP\ DW 8QLYHUVLW\&ROOHJH/RQGRQ8.

SPACE LOUNGE
89

Israeli students inspired by
nano-satellite projects
$ SLRQHHULQJ LQVWLWXWH LQ ,VUDHO LV JLYLQJ VWXGHQWV UHDO
space experience with its Cubesat programme
Roy Orbach+HU]OL\D6SDFH/DERUDWRU\7HO$YLY,VUDHO

6 ROOM

89

CALL FOR PAPERS

5TH Manfred Lachs International Conference on

GLOBAL SPACE GOVERNANCE &
SUSTAINABLE DEVELOPMENT GOALS
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of Air and Space Law (IASL) in Montreal, Quebec, Canada, from 4-6 May 2017.

Interested authors may submit an abstract not exceeding 250 words via e-mail to Aram
Kerkonian at: mlc.iasl@mcgill.ca by 31 January 2017. The abstract must indicate the precise
topic or title of the paper, the author’s (or authors’) full name(s), full contact details including
valid email address, and current institutional affiliation. Please submit your abstract via
e-mail with the subject: “5th MLC17 Abstract – [Author(s) LAST NAME]”. The language of the
Conference will be English and, as such, we will accept only abstracts and papers written in
English.

Ram S. Jakhu
Conference Co-Chair

Joseph N. Pelton
Conference Co-Chair

For more information please visit http://www.mcgill.ca/iasl/events/mlc2017 or contact
Aram Kerkonian at: mlc.iasl@mcgill.ca

Cassini
heads for
spectacular
finale
ASA’s Cassini spacecraft, launched in
LVLQWKHĂQDOPRQWKVRIWKHODVW
SKDVHRILWVPLVVLRQVLQFHPDNLQJLWVĂUVW
FORVHGLYHSDVWWKHRXWHUHGJHVRI
6DWXUQÛVULQJVRQ1RYHPEHU
&DVVLQLÛVLPDJLQJFDPHUDVRQO\REWDLQHG
YLHZVRI6DWXUQDERXWWZRGD\VEHIRUHFURVVLQJ
WKURXJKWKHULQJSODQHEHFDXVHWKHPDLQIRFXV
ZDVDQHQJLQHPDQRXHYUHDQGREVHUYDWLRQVE\
RWKHUVFLHQFHLQVWUXPHQWV)XWXUHGLYHVSDVWWKH
ULQJVKRZHYHUZLOOIHDWXUHVRPHRIWKHPLVVLRQÛV
EHVWYLHZVRIWKHRXWHUUHJLRQVRIWKHULQJVDQG
VPDOOQHDUE\PRRQV
Ý,WÛVWDNHQ\HDUVRISODQQLQJEXWQRZWKDWZHÛUH
ĂQDOO\KHUHWKHZKROH&DVVLQLWHDPLVH[FLWHGWR
EHJLQVWXG\LQJWKHGDWDWKDWFRPHIURPWKHVH
ULQJJUD]LQJRUELWVÞVDLG/LQGD6SLONHU&DVVLQL
SURMHFWVFLHQWLVWDW-3/Ý7KLVLVDUHPDUNDEOH
WLPHLQZKDWÛVDOUHDG\EHHQDWKULOOLQJMRXUQH\Þ
(DFKRI&DVVLQLÛVRUELWVIRUWKHUHPDLQGHURI
WKHPLVVLRQZLOOODVWRQHZHHN5LQJJUD]LQJ
RUELWVLQDOOZLOOFRQWLQXHXQWLO$SULO
ZKHQWKHODVWFORVHă\E\RI6DWXUQÛVPRRQ
7LWDQZLOOUHVKDSH&DVVLQLÛVăLJKWSDWK:LWK
WKDWHQFRXQWHU&DVVLQLZLOOOHDSRYHUWKHULQJV
PDNLQJWKHĂUVWRISOXQJHVWKURXJKWKH
PLOHZLGHJDSEHWZHHQ6DWXUQDQGLWVLQQHUPRVW
ULQJRQ$SULO
,WVPLVVLRQZLOOFRQFOXGHRQ6HSWHPEHU
ZLWKDĂQDOSOXQJHLQWR6DWXUQÛVDWPRVSKHUH
GXULQJZKLFK&DVVLQLZLOOWUDQVPLWGDWDRQWKH
DWPRVSKHUHÛVFRPSRVLWLRQXQWLOLWVVLJQDOLVORVW

NASA/JPL-Caltech

N

NASA/JPL-Caltech/Space Science Institute

Part of the giant, hexagon-shaped jet stream around
Saturn’s north pole taken by Cassini’s wide-angle
camera on 3 December 2016 at a distance of about
240,000 miles.

Graphic showing the closest approaches of Cassini’s
final two orbital phases. Ring-grazing orbits are
shown in grey and grand finale orbits in blue. The
orange line shows the spacecraft’s final plunge into
Saturn in September.

Special Report

Heart of gold
Entrepreneur Elon Musk brought high drama and a remarkable vision of the future
to the International Astronautical Congress (IAC) held in the Mexican ‘Silicon Valley’
city of Guadalajara in September.
Musk took centre stage on the second day of the conference to outline his plans
to establish a human colony on Mars at an affordable ticket price of US$200,000.
Speaking to an audience of more than 2,000 delegates, students and media - many
of whom had queued for around 90 minutes to secure a seat in the cavernous
presentation hall - his presentation was punctuated with woops and cheers.
Mr Musk, who founded private spaceflight company SpaceX in 2002, said his
colonisation plan uses a fully reusable transportation system that would take 100
people to Mars, with trip time eventually cut from 80 to 30 days.
His system consists of a spaceship that is refuelled with methane and oxygen in
Earth orbit and also on Mars after landing there, and he explained that to achieve
the target US$200,000 price the entire transportation system has to be reusable.
He suggested Mars could eventually have a colony of a million people which
would make it self-sustaining and that, with his plan, this could be achieved in 100
years. “I want to make Mars seem possible, something we can do in our lifetimes and that anyone can go if they wanted to,” he said.
According to a timeline outlined by Mr Musk, the first crewed Mars flight could
take place as soon as 2022 in a spacecraft he would like to name ‘Heart of Gold’,
after the starship in Douglas Adams’ book, The Hitchhiker’s Guide to the Galaxy.
A prototype spaceship is planned to make test flights in four years, initially going
into space, but not into orbit. Initially SpaceX will use Pad 39A at Kennedy Space
Center, which is being leased from NASA, and later a second launch base developed
in Texas.
Mr Musk announced that SpaceX had carried out its first test of its Raptor rocket
engine that will power the spaceship and the booster that puts it into orbit. A
prototype booster fuel tank has also been built and tested.
The combination of the booster and spaceship is called the Interplanetary
Transportation System (ITS) and together they stand 122 m tall, bigger than an
Apollo-era Moon programme Saturn V rocket. The booster will have 42 Raptor
engines arranged in concentric circles. His interplanetary spaceship will have nine
Raptor engines, carry 450 tonnes of crew, life support and cargo, and would be
designed as a “fun” place to live and work. Initial development is being funded by
profit from SpaceX and Mr Musk’s own wealth.
SpaceX plans to launch its first Red Dragon capsule to Mars in a couple of years
when the Earth and Mars are closest, and at regular intervals thereafter, effectively
offering its own ‘shuttle’ service for delivering payloads and science experiments to
the red planet.
Asked whether he would be on his first crewed spaceship to Mars, Mr Musk was
a little more hesitant, saying there were “pros and cons”, especially as the first trip
would probably be the most dangerous.

Clive Simpson
Managing Editor

Clive Simpson

The diminutive figure of Elon Musk commands a giant panoramic stage before an
audience of over 2000 at the 2016 International Astronautical Congress (IAC) in Mexico.

In the first of two ‘Special Report’
articles for ROOM on future Mars
exploration, Stephen Ashworth
of Oxford University’s Voltaire
Foundation examines the MuskMars phenomenon and asks what is
behind the entrepreneur’s expansive
vision to colonise the red planet. Our
second article, ‘Blueprint for NASA’s
journey to Mars’ (page 16), outlines
a very different approach aligned
with NASA’s ‘Journey to Mars’ plans.
Written by senior engineers and
architects at Lockheed Martin Space
Systems, it provides fascinating
detail on the company’s ‘Mars Base
Camp’ concept to get humans into
Mars orbit.
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Stephen Ashworth,
Voltaire Foundation,
Oxford University,
England

Elon Musk and Mars looking for a snowball effect
lon Musk, speaking to a wildly enthusiastic
audience at the International
Astronautical Congress (IAC) in Mexico on
 6HSWHPEHU  KDV ĂQDOO\ UHYHDOHG KLV
YLVLRQ IRU VHWWLQJ XS D VHOIVXVWDLQLQJ KXPDQ
colony on the planet Mars. His starting point was
WKH SHUFHLYHG QHHG WR PDNH KXPDQLW\ D PXOWL
SODQHWDU\ VSHFLHV LQ RUGHU WR VHFXUH RXU ORQJWHUP
IXWXUH 7KLV VWUDWHJLF JRDO LV ZLGHO\ VKDUHG LQ WKH
astronautical community. But one problem with it
ZDV UDLVHG LQ  E\ -HII *UHDVRQ WKHQ SUHVLGHQW
RI ;&25 $HURVSDFH ,Q KLV RZQ LQVSLUDWLRQDO
DGGUHVV WR WKH ,QWHUQDWLRQDO 6SDFH 'HYHORSPHQW
&RQIHUHQFH *UHDVRQ VDLG Ý,W LV DFWXDOO\ WKH
QDWLRQDO SROLF\ RI WKH 8QLWHG 6WDWHV WKDW ZH VKRXOG
VHWWOH VSDFH %XW HYHU\ERG\ÛV NLQG RI DIUDLGWRVD\LW
EHFDXVH WKH\ÛUH QRW VXUH ZH FDQ GR LWÞ
(ORQ 0XVN EHOLHYHV WKDW LW FDQ EH GRQH JLYHQ
D VXLWDEOH (DUWK0DUV WUDQVSRUW V\VWHP ZKLFK
KLV FRPSDQ\ 6SDFH; LV SODQQLQJ WR SURYLGH $V D
UHVXOW KLV SUHVHQWDWLRQ ZDV KHDY\ RQ URFNHWV DQG
VSDFHFUDIW OLJKW RQ RWKHU NH\ IDFWRUV ZKLFK ZRXOG
EH QHFHVVDU\ IRU VXFFHVV +LV SUHFRQGLWLRQ IRU D
VHOIVXVWDLQLQJ FLYLOLVDWLRQ RQ 0DUV LV D SRSXODWLRQ
RIRQHPLOOLRQSHRSOHZKRZRXOGEHWUDQVSRUWHG

E

WKHUH WRJHWKHU ZLWK DW OHDVW  WRQQHV RI FDUJR SHU
SHUVRQ RYHU D SHULRG RI KDOI D FHQWXU\ RU PRUH
While an outrageous number in comparison
ZLWK WKH FXUUHQW VSDFHăLJKW DFWLYLW\ RI  WR 
LQGLYLGXDOV ă\LQJ WR ORZ (DUWK RUELW DQG EDFN
per year, it would be modest compared with
WKH PDVV HPLJUDWLRQ IURP (XURSH WR WKH 8QLWHG
6WDWHV EHIRUH WKH )LUVW :RUOG :DU $W LWV SHDN
DURXQG  WKH ăRZ RI PLJUDQWV WRSSHG RQH
million people per year. But the steamships
ZKLFK FDUULHG WKHP ZHUH WKH SURGXFW RI 
\HDUV RI PDULWLPH GHYHORSPHQWVLQFHWKHHDUOLHVW
WUDQVDWODQWLF YR\DJHV
0XVNÛV SURSRVHG WUDQVSRUW V\VWHP KDV EHHQ
GHVLJQHG WR EH DV VLPSOH DV SRVVLEOH UHO\LQJ IRU LWV
HIIHFWLYHQHVV RQ WKH VKHHU VL]H RI LWV FRPSRQHQW
SDUWV DQG WKHLU IXOO UHXVDELOLW\ 7KH ODXQFK URFNHW
LV WKUHH WR IRXU WLPHV WKH VL]H RI WKH 6DWXUQ 9
LQ WHUPV RI HQJLQH WKUXVW DQG SD\ORDG FDSDFLW\
7KH LQWHUSODQHWDU\ VSDFHFUDIW ZKLFK LW FDUULHV LV
LQWHQGHG WR DFFRPPRGDWH  SHRSOH IRU WKH IRXU
PRQWKV RU VR RI WKH MRXUQH\ DQG D VXSSRUWLQJ
WDQNHU YHUVLRQ LV WR KROG D FRXSOH RI KXQGUHG
WRQQHV RI SURSHOODQWVIRUWUDQVSRUWWRORZ(DUWK
RUELW /(2 

Musk’s
ambitions
are immense
- yet at the
same time
his approach
to them is
disarmingly
modest
ROOM 11
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Launch site in Florida
for SpaceX Interplanetary
Transportation System.

Musk’s
proposed
transport
system has
been designed
to be as simple
as possible,
relying for its
effectiveness
on the sheer
size of its
component
parts and their
full reusability

Musk was keen to point
out that his plans were not
all based on artist’s
impressions. This shows a
successful Raptor engine
test in September 2016.
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7KH PLVVLRQ DUFKLWHFWXUH LQYROYHV D ăLJKW
VWUDLJKW WR WKH VXUIDFH RI 0DUV DQG DQRWKHU
ăLJKW VWUDLJKW EDFN WR WKH VXUIDFH RI (DUWK
7KLV LV DQRWKHU DSSOLFDWLRQ RI WKH SULQFLSOH
RI PD[LPXP VLPSOLFLW\ FRPSOLFDWHG RQO\ E\
WKH QHHG WR UHIXHO WKH VSDFHFUDIW LQ ORZ (DUWK
RUELW ZLWK DERXW IRXU WDQNHU ăLJKWV EHIRUH LW
FDQ GHSDUW DQG WKHQ DJDLQ RQ WKH VXUIDFH RI
0DUV ZLWK ORFDOO\ PDQXIDFWXUHG SURSHOODQWV
EHIRUH LW FDQ UHWXUQ WR (DUWK 0XVN VXJJHVWHG D
WLPHOLQH LQ ZKLFK ăLJKWV EHJLQ LQ WKH PLGV
OHDGLQJ WR D VHOIVXVWDLQLQJ 0DUWLDQ EUDQFK RI
FLYLOLVDWLRQ EHIRUH WKH HQG RI WKH FHQWXU\

Questions and comments
7KH WDON WULJJHUHG D ZDYH RI FRPPHQW DQG
criticism. Doug Messier and John Logsdon on
WKH LQWHUQHW EORJ 3DUDEROLF $UF VDZ WKH 6SDFH;
0DUV VKLSV UHYLYLQJ :HUQKHU YRQ %UDXQÛV YLVLRQ
RI JLJDQWLVP IURP WKH V ÝD SOHDVDQW DQG
XOWLPDWHO\ IUXVWUDWLQJ LOOXVLRQÞ 5REHUW =XEULQ
IRXQGHURIWKH0DUV6RFLHW\ZKLOHEURDGO\

VXSSRUWLYH RI 0XVNÛV LQLWLDWLYH GHYRWHG DQ
DUWLFOH LQ 7KH 1HZ $WODQWLV WR GHVFULELQJ KRZ KH
ZRXOG FRUUHFW WKH ÝFRQFHSWXDO ăDZVÞ RI 0XVNÛV
ÝH[WUHPHO\ VXERSWLPDOÞ SODQ DQG OLNHZLVH
FRPPHQWHG DGYHUVHO\ RQ LWV JLJDQWLVP
%LOO 1\H &(2 RI WKH 3ODQHWDU\ 6RFLHW\ SRLQWHG
RXW LQ LQWHUYLHZV WKDW OLYLQJ RQ 0DUV ZRXOG EH OLNH
OLYLQJ LQ $QWDUFWLFD RQO\ ZRUVH DQG TXHVWLRQHG
ZKHWKHU SHRSOH ZRXOG UHDOO\ ZDQW WR OLYH WKHUH
SHUPDQHQWO\ 7KH VDPH SRLQW KDG LQGHHG EHHQ
raised some years earlier by Charles Cockell, an
experienced polar explorer, in a paper published in
,QWHUGLVFLSOLQDU\ 6FLHQFH 5HYLHZV LQ 
/RUHQ *UXVK DW 7KH 9HUJH UDLVHG TXHVWLRQV
DV WR KRZ 0XVNÛV SDVVHQJHUV ZRXOG VXUYLYH WKH
MRXUQH\ DQG OLYH VDIHO\ RQ 0DUV LWVHOI FULWLFLVLQJ
KLV RIIKDQG DVVXUDQFHV WKDW H[SRVXUH WR FRVPLF
radiation would not be a serious health risk. And
0DGGLH 6WRQH DW *L]PRGR UDLVHG HWKLFDO REMHFWLRQV
WR ODUJHVFDOH KXPDQ SDVVHQJHU ăLJKWV WR 0DUV
DQG DVNHG -RDQQH *DEU\QRZLF] GLUHFWRU RI WKH
,QWHUQDWLRQDO ,QVWLWXWH RI 6SDFH /DZ ZKHWKHU
0XVNÛV SODQ ZRXOG HYHQ EH OHJDO 6KH VXJJHVWHG
WKDW XQGHU WKH 2XWHU 6SDFH 7UHDW\ DQ\ 0DUWLDQ
FRORQLVWV ZRXOG EH UHJDUGHG DV ÝVTXDWWHUV RU
SLUDWHVÞ 2WKHU FRPPHQWDWRUV UDLVHG TXHVWLRQV
RI SODQHWDU\ SURWHFWLRQ IHDULQJ VSHFXODWLYH
ZRUVWFDVH VFHQDULRV LQ ZKLFK WHUUHVWULDO
PLFURRUJDQLVPV FDXVHG D PDVV H[WLQFWLRQ RI
hypothetical Martian ones, or Martian microbes
SURYHG IDWDO WR KXPDQ OLIH
7KHVH UHVSRQVHV H[SORUHG D QXPEHU RI
LPSRUWDQW DVSHFWV RI WKH SODQ EXW LQ RQH ZD\ WKH\
were missing the point. What is Elon Musk really
WU\LQJ WR DFKLHYH"
0\ ĂUVW UHDFWLRQ WRR ZDV WR VWDUW SLFNLQJ RQ
VRPH RI WKH FUXFLDO DVSHFWV RI JRLQJ WR 0DUV DQG
OLYLQJWKHUHZKLFK0XVNKDGRPLWWHGWRPHQWLRQ
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7KH TXHVWLRQV ZKLFK RFFXUUHG WR PH ZHUH REYLRXV
HQRXJKDQGKDYHEHHQUDLVHGPDQ\WLPHVEHIRUH
•

•

•

&DQ KXPDQV DGDSW VXFFHVVIXOO\ WR
OLYLQJ SHUPDQHQWO\LQORZJUDYLW\ 
WKDW RI (DUWK "
&DQ D VXVWDLQDEOH OLIH VXSSRUW V\VWHP
EH PDGH FRPSOHWHO\LQGHSHQGHQWRI
(DUWK"
Can rocket engineers get transport
costs down to economically
VXVWDLQDEOH OHYHOV DW WKH VDPH WLPH DV
getting the reliability up to acceptable
VDIHW\OHYHOV"

But then I listened to his talk again, and I
UHDOLVHG ,ÛG PLVXQGHUVWRRG ZKDW KH ZDV WU\LQJ WR
DFKLHYH 7KH HQRUPRXV 0DUV ODXQFK URFNHW DQG
VSDFHFUDIW ZKLFK KH GHVFULEHG LQ VRPH GHWDLO DQG
YLVXDOLVHG LQ WKH VXSSRUWLQJ YLGHR DUH VWULNLQJ
DQG VHGXFWLYH EXWWKH\ÛUHUHDOO\VRPHZKDWRID
VLGHWUDFN
5HFDOO VRPH RI WKH NH\ SRLQWV 0XVN PDGH LQ
KLV WDON Ý6R REYLRXVO\ LWÛV JRLQJ WR EH D FKDOOHQJH
WR IXQG WKLV ZKROH HQGHDYRXU :H GR H[SHFW
WR JHQHUDWH SUHWW\ GHFHQW QHW FDVK ăRZ IURP
ODXQFKLQJ ORWV RI VDWHOOLWHV DQG VHUYLFLQJ WKH
6SDFH 6WDWLRQ IRU 1$6$ WUDQVIHUULQJ FDUJR WR
DQG IURP WKH 6SDFH 6WDWLRQ DQG WKHQ , NQRZ
WKDW WKHUHÛV D ORW RI SHRSOH LQ WKH SULYDWH VHFWRU
ZKR DUH LQWHUHVWHG LQ KHOSLQJ IXQG D EDVH RQ
0DUV DQG WKHQ SHUKDSV WKHUHÛOO EH LQWHUHVW RQWKH
JRYHUQPHQW VHFWRU VLGH WR DOVR GR WKDW
Ý8OWLPDWHO\ WKLV LV JRLQJ WR EH D KXJH SXEOLF
SULYDWH SDUWQHUVKLS $QG , WKLQN WKDWÛV KRZ WKH
8QLWHG 6WDWHV ZDV HVWDEOLVKHG $QG PDQ\ RWKHU
FRXQWULHV URXQG WKH ZRUOG DV D SXEOLFSULYDWH
SDUWQHUVKLS 6R , WKLQN WKDWÛV SUREDEO\ ZKDW
RFFXUV $QG ULJKW QRZ ZHÛUH MXVW WU\LQJ WR PDNH DV
much progress as we can with the resources that
ZH KDYH DYDLODEOH DQG MXVW VRUW RI NHHS PRYLQJ
WKHEDOOIRUZDUG$QGKRSHIXOO\,WKLQNDVZHVKRZ

Arrival at Mars.

What it comes
down to is
that there
are two ways
to approach
human
expansion
on an
interplanetary
scale at this
time
Comparison of rocket
sizes and payload
capabilities to low
Earth orbit.

WKDW WKLV LV SRVVLEOH WKDW WKLV GUHDP LV UHDO  QRW
MXVW D GUHDP,WKLQNWKHVXSSRUWZLOOVQRZEDOO
RYHU WLPHÞ
:KHQ KH IRXQGHG 6SDFH; LQ  0XVN VWDWHG
Ý, FDPH WR WKH FRQFOXVLRQ WKDW LI WKHUH ZDVQÛW VRPH
new entrant into the space arena with a strong
LGHRORJLFDO PRWLYDWLRQ WKHQ LW GLGQÛW VHHP OLNH
ZH ZHUH RQ D WUDMHFWRU\ WR HYHU EH D VSDFHIDULQJ
FLYLOL]DWLRQ DQG EH RXW WKHUHDPRQJWKHVWDUVÞ

Grateful to NASA
But entering the space arena was not easy going,
DQG DIWHU KLV )DOFRQ  URFNHW KDG UHSHDWHGO\ IDLOHG
LW ZDV D FRQWUDFW IURP 1$6$ ZKLFK VDYHG KLV
FRPSDQ\ Ý, MXVW ZDQW WR VD\ ,ÛP LQFUHGLEO\ JUDWHIXO
WR 1$6$ IRU VXSSRUWLQJ 6SDFH; GHVSLWH WKH IDFW
WKDW RXU URFNHW FUDVKHG ,W ZDV DZHVRPH  ZHOO ,ÛP
1$6$ÛV ELJJHVW IDQ 6R WKDQN \RX YHU\ PXFK WR WKH
SHRSOH WKDW KDG WKH IDLWK WR GR WKDW WKDQN \RXÞ
0XVNÛV DPELWLRQV DUH LPPHQVH \HW DW WKH VDPH
time his approach to them is disarmingly modest.
Ý:HÛUH JRLQJ WR WU\ WR PDNH DV PXFK SURJUHVV DV
ZH FDQÞ KH VDLG LQ 0H[LFR Ý2EYLRXVO\ LWÛV ZLWK D
YHU\ FRQVWUDLQHG EXGJHW EXW ZHÛUH JRLQJ WR WU\
and make as much progress as we can on the
HOHPHQWV RI WKH LQWHUSODQHWDU\ WUDQVSRUW ERRVWHU
DQG VSDFHVKLS 7KHUHÛV D JRRG FKDQFH ZH ZRQÛW
VXFFHHG EXW ZHÛUH JRLQJ WR GR RXU EHVWDQGWU\WR
PDNHDVPXFKSURJUHVVDVSRVVLEOHÞ
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Trying to
kickstart
the hare is
a gamble.
The general
public does not
normally think
much about
colonising
other worlds.

System architecture for
SpaceX crewed missions
to Mars and back.
Bottom: Basic technical
parameters for
SpaceX Mars craft that
would carry crew on
interplanetary flights.
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So what Elon Musk is doing here is not to try
WR JR LW DORQH WR 0DUV RU WR VROYH DOO WKH SUREOHPV
KLPVHOI $QG KHÛV QRW WU\LQJ WR FRPSHWH ZLWK 1$6$
&OHDUO\ KLV SODQV FRQăLFW ZLWK 1$6$ÛV H[LVWLQJ
Ú-RXUQH\ WR 0DUVÛ EXW WKDW SURJUDPPH LV VWLOO TXLWH
YDJXH DW SUHVHQW 1$6$ LV QRW D PRQROLWKLF HQWLW\
and I think it must be assumed that he has support
IURP ZLWKLQ 1$6$ LI QRW IURP WKRVH SDUWV RI 1$6$
PRVW GLUHFWO\ LQWHUHVWHG LQ WKH 2ULRQ6/6 6SDFH
Launch System) programme.
What he is clearly trying to do is to start a
VQRZEDOO HIIHFW WR ZKLFK D YDULHW\ RI HQWLWLHV IURP
ERWK WKH SULYDWH VHFWRU DQG WKH JRYHUQPHQW DQG
LQ D YDULHW\ RI FRXQWULHV DURXQG WKH ZRUOG FDQDOO
FRQWULEXWH +HÛV WU\LQJ WR EXLOG D FRDOLWLRQ
:H VKRXOG DSSODXG 0XVN IRU SXEOLFO\ UDLVLQJ WKH
QHFHVVLW\ RI PDNLQJ KXPDQLW\ D VSDFHIDULQJ PXOWL
SODQHWDU\ VSHFLHV LI RXU FLYLOLVDWLRQ DQG XOWLPDWHO\
RXU VSHFLHV LV WR VXUYLYH DQG SURVSHU LQ WKH ORQJ
WHUP  WKRXJK RI FRXUVH KH LV QRW WKH ĂUVW WR GR VR
Again, he is absolutely right to downplay the
VLJQLĂFDQFH RI JHWWLQJ WR 0DUV ĂUVW DQG VWUHVV
LQVWHDG WKH LPSRUWDQFH RI ÝEHLQJ DEOH WR VHQG D
ODUJH QXPEHU RI SHRSOH OLNH WHQV RI WKRXVDQGV
LI QRW KXQGUHGV RI WKRXVDQGV RI SHRSOHDQG
XOWLPDWHO\PLOOLRQVRIWRQVRIFDUJRÞ

*HWWLQJ WKHVH SRLQWV RXW LQWR WKH RSHQ PDNHV D
UHIUHVKLQJ FKDQJH IURP WKH VWDQGDUG RIĂFLDO YLHZ
that the Moon and planets are sacred ground, too
GDQJHURXV GLIĂFXOW DQG H[SHQVLYH WR EH UHDFKHG
E\ RUGLQDU\ PRUWDOV DQG ZKLFK FDQ RQO\ HYHU EH
YLVLWHG E\ D WLQ\ HOLWH RI JRYHUQPHQW VSHFLDOLVWV D
VRUW RI HWKLFDOO\ SXUH NQLJKWKRRG RI WKH HOHFW RQ
PLVVLRQV ZKLFK LQ WKH IDPLOLDU SKUDVH ÝWDNHRQO\
SKRWRJUDSKV OHDYH RQO\ IRRWSULQWVÞ

Two ways to colonise Mars
What it comes down to is that there are two
ways to approach human expansion on an
LQWHUSODQHWDU\ VFDOH DW WKLV WLPH RQH PDNH D
JLDQW KHURLF OHDS IRUZDUG DQG WZR WDNH VPDOO
V\VWHPDWLF LQFUHPHQWDO VWHSV IRUZDUG
6R WKH KDUH DQG WKH WRUWRLVH 7KH KDUH FDQ JHW WR
0DUV ZLWKLQ D GHFDGH DQG KDYH D VHOIVXVWDLQLQJ
FRORQ\ RI DURXQG D PLOOLRQ SHRSOH WKHUH ZLWKLQ
 WR  \HDUV %XW LW QHHGV WKH NLQG RI SROLWLFDO
VXSSRUW WKDW LV QRUPDOO\UHVHUYHGIRUVXFKWKLQJV
DV ĂJKWLQJ D ZDU
Yet there are historical analogies, such as the
VSUHDGLQJ RI PRQRWKHLVW UHOLJLRQ LQ WKH 5RPDQ
Empire, the later Arab world or the early modern
Spanish and British empires, or in the 20th
FHQWXU\ WKH VSUHDGLQJ RI GHPRFUDF\ D PRYHPHQW
GULYHQ E\ LQWHOOHFWXDO FRQYLFWLRQ PRUH WKDQ E\
WULEDO SROLWLFV WUDGH RU PRQH\  WKH ÚLGHRORJLFDO
PRWLYDWLRQÛ WKDW 0XVN ZDV WDONLQJ DERXW
7U\LQJ WR NLFNVWDUW WKH KDUH LV D JDPEOH 7KH
general public does not normally think much
DERXW FRORQLVLQJ RWKHU ZRUOGV ,Q IDFW WKH JHQHUDO
PRRG RI WKH DJH LQ WKH :HVW DW DQ\ UDWH LV RQH
RI SRVWFRORQLDO JXLOW DQG JULP IRUHERGLQJV DERXW
WKH IXWXUH 3HRSOH WHQG WR ZDQW WR WDON DERXW
H[LVWHQWLDO ULVN WKH HYLOV RI FDSLWDOLVW FRQVXPHULVP
society and ecological collapse, with technology
SRVHG DV WKH SUREOHP QRW WKH VROXWLRQ 7KH
tendency is to associate sustainability more with
ZLQG WXUELQHV WKDQ 0DUV URFNHWV ZLWK PLOOLRQV
IHZHU OLYLQJ RQ (DUWK QRW PLOOLRQV PRUH RQ 0DUV
%XW LI WKH DVWURQDXWLFDO FRPPXQLW\ FDQ WXUQ WKDW
around and centre the popular mood instead on a
SRVLWLYH H[SDQVLYH YLVLRQ RI WKH IXWXUH WKHQ 0DUV
ZRXOG EH WKH EHVW WKLQJ WKDW HYHU KDSSHQHG WR (DUWK
It makes more sense to me to adopt the
DSSURDFK RI WKH WRUWRLVH WKXV IRVWHULQJ DQ
HYROXWLRQDU\ SURFHVV UDWKHU WKDQ D UHYROXWLRQDU\
one. Clearly my thinking has been shaped
E\ WKH $SROOR SURJUDPPH WKH TXLQWHVVHQWLDO
JLDQW OHDS IRUZDUG ZKLFK OHG TXLFNO\ WR SURMHFW
FDQFHOODWLRQ DQG UHWUHDW 0\ SUHIHUUHG VWUDWHJ\
LV WKHUHIRUH IRXQGHG RQ WKH DVVXPSWLRQ WKDW
ODUJHVFDOHSROLWLFDOVXSSRUWIRUFRORQLVLQJ0DUV
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will continue to remain absent, demanding a
VWHSE\VWHS DSSURDFK
7KHPDLQVWHSVVKRXOGEHREYLRXVHQRXJK
•

•

•

•

•

$ EXLOGXS RI FRPPHUFLDO VSDFH
tourism to hotels in low Earth orbit.
Between 2001 and 2009 the pioneers
RI SULYDWH SDVVHQJHU VSDFHăLJKW PDGH
HLJKW ăLJKWV WR WKH ,QWHUQDWLRQDO 6SDFH
6WDWLRQ ,66  7KH VROXWLRQ WR WKH
SUREOHP RI HFRQRPLF UHOLDEOH DFFHVV
WR RUELW ZRXOG HQDEOH WKRXVDQGV RI
SHRSOH WR ă\ SHU PRQWK DW D WLFNHW
SULFH RI XQGHU D PLOOLRQ GROODUV D KHDG
([WHQVLRQ RI WKLV WUDGH WR VSDFH KRWHOV
LQ (DUWK0RRQ F\FOHU RUELWV FUHDWLQJ
D PDUNHW IRU URFNHW SURSHOODQWV LQ ORZ
Earth orbit and generating experience
ZLWK OLIHVXSSRUW DQG UDGLDWLRQ
SURWHFWLRQ DERYH WKH 9DQ $OOHQ EHOWV
DV ZHOO DV ZLWK DUWLĂFLDO JUDYLW\ LQ GXH
FRXUVH DV WKH F\FOHU VWDWLRQV JUHZ LQ VL]H
5RERWLF H[SORUDWLRQ RI WKH 0RRQ DQG
QHDU(DUWK DVWHURLGV ZLWK WKH VSHFLĂF
JRDO RI H[WUDFWLQJ DQG SURFHVVLQJ ZDWHU
DQG K\GURFDUERQV IRU DQ HQWLUHO\ VSDFH
EDVHG FRPPHUFLDO UHIXHOOLQJ QHWZRUN
([WHQVLRQ RI WKH E\ QRZ
WHFKQRORJLFDOO\ PDWXUH (DUWK0RRQ
F\FOHU VWDWLRQV WR (DUWK0DUV RUELWV IRU
interplanetary passenger transport.
&UHZHG 0DUV ODQGLQJ FUDIW ZRXOG WKHQ
EH EDVHG RQ GHFDGHV RI H[SHULHQFH
with lunar landings and with
DHUREUDNLQJ DQG VXSHUVRQLFUHWUR
propulsion at Earth.

,Q RWKHU ZRUGV LQVWHDG RI DQ DOORUQRWKLQJ
SXVK WR 0DUV ZLWK QHZ SXUSRVHEXLOW YHKLFOHV
WKH IRFXV LV RQ WKH SDLQVWDNLQJ DQG XQJODPRURXV
JURZWK RI D EURDGO\ EDVHG VXVWDLQDEOH VSDFH
economy, one which can then take Mars
exploration and settlement in its stride.
7KH GLVDGYDQWDJH ZLWK WKLV DSSURDFK RI FRXUVH
LV WKH UHODWLYHO\ ORQJ WLPHVFDOH DQG WKH JUHDWHU
ULVN RI DQ HFRQRPLF GRZQWXUQ GXULQJ WKDW WLPH
VXIĂFLHQW WR NLOO JURZWK 7KH ĂUVW KXPDQ ODQGLQJV
on Mars would not occur until perhaps the latter
KDOI RI WKH FHQWXU\
+DYLQJ REVHUYHG GHYHORSPHQWV LQ VSDFHăLJKW
since the Apollo days, my conclusion is that,
SURYLGLQJ KXPDQV FDQ DGDSW VXFFHVVIXOO\ WR LWV ORZ
JUDYLW\ 0DUV FRORQLVDWLRQ ZLOO EHFRPH SRVVLEOH
%XW JHWWLQJ WKH WUDQVSRUW DQG OLIHVXSSRUW
WHFKQRORJLHVXSWRWKHUHTXLUHGVWDQGDUGVRIKLJK

UHOLDELOLW\ DQG ORZ FRVW ZLOO LQHYLWDEO\UHTXLUH
VHYHUDO GHFDGHV RI GHYHORSPHQW
7KHUHIRUH WKH SDLQVWDNLQJ JURZWK RI D VSDFH
HFRQRP\ ZLWK KLJK OHYHOV RI WUDIĂF LQ ORZ (DUWK
orbit (10,000 to 100,000 passengers/year) and
ORZHU OHYHOV LQ KLJK RUELWV DQG RQ WKH 0RRQ
FDQQRW EH VLGHVWHSSHG ,I 6SDFH;ÛV SURSRVHG
interplanetary rocket can send 100 people to
0DUV DW DIIRUGDEOH SULFHV WKHQ DQ HDUOLHU YHUVLRQ
can send a great many more to space hotels in
RUELW DQG RQ WKH 0RRQ HYHQ PRUH HFRQRPLFDOO\
JHQHUDWLQJ SURĂWV ZKLFK FRXOGEHXVHGWRVXSSRUW
the Mars programme.
Yet Elon Musk and others like him are showing
WKDW WKH\ DUH QRW DIUDLG RI SURSRVLQJ WKDW KXPDQV
VKRXOG LQGHHG VHWWOH VSDFH DQG RWKHU ZRUOGV ,I WKLV
JURZLQJ VHQVH WKDW D PXOWLSODQHWDU\ FLYLOLVDWLRQ
LV UHDOO\ IHDVLEOH GRHV VXFFHHG LQ VHWWLQJ RII D
JURZLQJ VQRZEDOO RI VXSSRUW IRU KXPDQV WR 0DUV
among the broader public, then the process
RI JURZWK FRXOG EH PXFK DFFHOHUDWHG DQG WKH
GDPDJH LQăLFWHG E\ LWV LQHYLWDEOH VHWEDFNV PXFK
UHGXFHG 7KHUHIRUH , DSSODXG KLV VSHHFK DQG
XUJH HYHU\RQH LQWHUHVWHG LQ WKH IXWXUH JURZWK
DQG SURVSHULW\ RI KXPDQNLQG WR VXSSRUW KLV EURDG
YLVLRQ ZKLOH NHHSLQJ D JULSRQUHDOLW\ZKHQLW
comes to the details.
About the author
6WHSKHQ $VKZRUWK ZRUNV DW WKH 9ROWDLUH )RXQGDWLRQ SDUW RI WKH
8QLYHUVLW\ RI 2[IRUG ZKLFK VSHFLDOLVHV LQ SXEOLVKLQJ RQ WKH WK
&HQWXU\ (QOLJKWHQPHQW +H KDV EHHQ FRQYLQFHG RI WKH LPSRUWDQFH RI
VSDFH H[SORUDWLRQ DQG VHWWOHPHQW HYHU VLQFH ZDWFKLQJ DV D WHHQDJHU
WKH ĂUVW WHOHYLVHG PRRQZDON +LV DVWURQDXWLFDO ZULWLQJ LQFOXGHV DQ
online blog Astronautical Evolution DQG VFLHQFHĂFWLRQQRYHO The
Moonstormers+HDOVRSOD\VMD]]VD[RSKRQH

Looking further into the
future and Musk sees his
interplanetary spacecraft
taking people as far as
Jupiter and Saturn.

The
disadvantage
with this
approach, of
course, is the
relatively long
timescale, and
the greater
risk of an
economic
downturn
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Blueprint for NASA’s
journey to Mars
Timothy Cichan,
Space Exploration
Architect, Lockheed
Martin Space
Systems Company

Stephen A. Bailey,
President, Deep
Space System,
Lockheed Martin
Space Systems
Company

Lockheed Martin has developed its own Mars Base Camp concept to get humans
to Mars orbit. The plan - which would transport scientist-astronauts from Earth
to the moons of Mars to answer fundamental science questions and prepare for
a human Mars landing - is being used to determine the feasibility of a Martian
moons human exploration architecture within roughly a decade. It would involve
human exploration of both Martian moons and provide an opportunity to obtain
samples from Mars by operating robotic assets pre-deployed in orbit and on
the surface of Mars. In essence it lays out a proposed technology road map to
support NASA’s Journey to Mars and is a mission designed to be led by NASA
along with international and commercial partners.
he Lockheed Martin study is a high-level
assessment to identify architecture
drivers and science opportunities. There
are some key tenets for this architecture.
)RU WKLV ĂUVW KXPDQ LQWHUSODQHWDU\ PLVVLRQ
system redundancy and a self-rescue capability is
required. The number of system developments is
PLQLPLVHG DQG WKH XVH RI WKH DOUHDG\ GHYHORSHG
V\VWHPV OLNH WKH 6SDFH /DXQFK 6\VWHP DQG 2ULRQ
is maximised. To minimise the number of events
WKDW FRXOG OHDG WR WKH ORVV RI WKH ZKROH FUHZ WKH
architecture does not require rendezvous and
docking of pre-staged elements necessary for
crew survival during the mission. This architecture
study shows that a near term Mars mission is
compelling and feasible.

T

Scott D. Norris,
Business
Development Analyst
Principal, Project
Orion, Lockheed
Martin Space
Systems Company
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7R DGGUHVV VRPH NH\ VFLHQFH TXHVWLRQV WKH
Mars Base Camp (MBC) systems are designed
to perform remote sensing and teleoperation of
science ground assets on the surface of Mars;
in-situ investigations and sample returns from
3KRERV DQG 'HLPRV DQG UHQGH]YRXV DQG FDSWXUH
of Mars surface sample canisters in Mars orbit.
The Mars Base Camp concept is built on
a strong foundation of today’s technologies
Ø PDNLQJ LW VDIH DIIRUGDEOH DQG DFKLHYDEOH Ø
including currently mature and rapidly maturing
programmes and systems.
2ULRQ WKH ZRUOGÛV RQO\ GHHSVSDFH FUHZ
VSDFHFUDIW LV WKH FRUH RI WKH 0DUV %DVH &DPS
YHKLFOH ,WV FDSDELOLWLHV LQFOXGH ORQJ GXUDWLRQ
independent operation in deep space with layers
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of redundancy for mission robustness and crew
VDIHW\ 2ULRQ FDQ SHUIRUP KLJKVSHHG SUHFLVLRQ
Earth re-entry from any lunar return trajectory and
all MBC-designed Mars return trajectories. Some
of the roles Orion performs in the Mars Base Camp
DUFKLWHFWXUH DUH FRPPDQG DQG FRQWURO ăLJKW GHFN
3KRERV DQG 'HLPRV VRUWLH YHKLFOH FRQWLQJHQF\
OLIHERDW DQG LQWHJUDO (DUWK UHHQWU\ YHKLFOH
)RU D ĂUVW KXPDQ LQWHUSODQHWDU\ PLVVLRQ V\VWHP
redundancy and self-rescue capability is essential.
Aborts from low-Earth orbit (LEO) take as little as
90 minutes to be safely back on Earth’s surface.
Aborts from cis-lunar space take on the order of
ĂYH WR WHQ GD\V GHSHQGLQJ RQ WKH RUELW W\SH :KHQ
LW FRPHV WR 0DUV DQ DERUW LV PXFK OHVV IHDVLEOH
and would take months if executable.
The crew of Mars Base Camp will need to be able
to move to redundant elements if there are system
failures in order to plan out and perform repair
operations. They will also need to be able to perform
rescue operations for any sortie missions. For the
Mars Base Camp architecture there is no required
rendezvous and docking operation of pre-staged
HOHPHQWV DW 0DUV RU XSRQ UHWXUQ WR (DUWK WKDW LI
IDLOHG ZRXOG OHDG WR ORVV RI WKH FUHZ ([DPSOHV RI
SUHVWDJHG HOHPHQWV LQFOXGH VFLHQWLĂF PRGXOHV
HTXLSPHQW DQG FRQVXPDEOH VXSSOLHV QRW UHTXLUHG WR
VXVWDLQ WKH FUHZ )RU WKLV UHDVRQ WKH (DUWK UHHQWU\
YHKLFOH UHPDLQV ZLWK WKH FUHZ ZKLFK DOVR DYRLGV
single events that lead to loss of the crew.
The MBC architecture is designed to include
participation of commercial and international

DATE

MISSION

Mars Base Camp
composite illustration.

SDUWQHUVKLSV )URP ăLJKWSURYHQ KDUGZDUH VXFK
as robotic arms and laboratory modules on the
,QWHUQDWLRQDO 6SDFH 6WDWLRQ ,66  WR LQQRYDWLYH
concepts surrounding in-space propulsion and
GHHS VSDFH KDELWDWV XWLOLVDWLRQ RI WHFKQRORJLHV
through government and industry partners is not
just an ideal scenario to consider but one that is
essential to turning MBC from concept to reality.
Some possibilities for international collaboration
include providing modules like the science
ODERUDWRU\ RU WKH FHQWUH QRGH DQG SURYLGLQJ
PDMRU HOHPHQWV OLNH D FXSROD URERWLFV DUP RU
VRODU DUUD\V 5RERWLF VFLHQFH HOHPHQWV VXFK DV
URYHUV WKDW DUH SUHVWDJHG RQ 0DUV DUH DQRWKHU
FRQWULEXWLRQ SRVVLELOLW\ /RJLVWLFV ăLJKWV ZLOO DOVR
be required both during the cis-lunar proving
ground phase and during the build-up of the
0DUVERXQG YHKLFOH ZKLFK FRXOG EH SURYLGHGE\
international and commercial entities.

Robert P. Chambers,
Production Strategy
Senior Manager,
Project Orion,
Lockheed Martin
Space Systems
Company

Steven D. Jolly,
Research Engineer
Senior Principal,
Lockheed Martin
Space Systems
Company

DESCRIPTION

2018

EM-1

SLS and Orion are certified for human deep space exploration

2019

Ascent Abort Test

Orion’s Launch Abort System, the crew escape method during a launch or ascent
emergency, is certified

2020

Mars Rover 2020

Perform Mars surface exploration and sample cache

2021

EM-2

Begin the outpost’s assembly in cis-lunar space

2022

Next Mars Orbiter
EM-3

The Next Mars Orbiter will provide an improved communications relay system essential for
providing high bandwidth communications back to Earth and images of Mars sites at high
resolution. EM-3 will continue the outpost’s assembly in cis-lunar space

2023

EM-4

Cis-lunar exploration enabled by solar electric propulsion - proving the ability to pre-deploy
components to Mars

2024

EM-5

Conduct cis-lunar scientific exploration using propulsion and the deep space laboratory demonstrating tele-operations and sample retrieval capabilities

2025

EM-6

Long-duration, low-gravity science operations with ARM - gives astronauts an opportunity to
test-drive a Mars-class mission

2026

Mars 2026

Pre-deploy Mars Base Camp science assets with solar electric propulsion

2027

EM-7 & EM-8

Conduct full system tests of the assembled Mars Base Camp ahead of departure for Mars

2028

MBC-1

Depart for Mars

Joshua W. Ehrlich,
Systems Engineer,
Project Orion,
Lockheed Martin
Space Systems
Company

Table 1. Proposed
proving ground mission
campaign.
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The MBC launch
sequence through 2026
includes Stepping Stone
missions in Cis-Lunar
Space.

A near term
Mars mission
is compelling
and feasible

The Mars
Base Camp
concept is built
on a strong
foundation
of today’s
technologies
18 ROOM

Mission campaign
$ VHULHV RI PLVVLRQV VWDUWLQJ ZLWK (0 LQ 
will be required to meet NASA’s objectives for the
Mars proving ground in cis-lunar space and to
build up the Mars Base Camp system.
(0 LQFOXGHV D IXOO V\VWHP WHVW RI 2ULRQ DQG
the Space Launch System (SLS) during a cis-lunar
PXOWLSOH ZHHN H[SORUDWRU\ PLVVLRQ FHUWLI\LQJ
the system for human deep space exploration
and demonstrating autonomous operations and
on-board automation balanced with the ground
mission operations.
An ascent abort test will certify Orion’s Launch
Abort System by performing an ascent abort off
a test booster launched from Cape Canaveral.
0DUV 5RYHU  LV FULWLFDO IRU XQGHUVWDQGLQJ WKH
Mars surface and preparing for Mars Base Camp
robotic science missions and the subsequent
human landing. The mission includes Mars
surface exploration and sample caching.
(0 ZLOO EH WKH ĂUVW FUHZHG PLVVLRQ IRU
6/6 DQG 2ULRQ DQG WKH ĂUVW ăLJKW RI 6/6ÛV
Exploration Upper Stage (EUS). It is also
proposed to be the start of the outpost missions
in cis-lunar space to begin addressing proving
ground objectives.
7KH LQLWLDO RXWSRVW GHOLYHUHG E\ FRPPHUFLDO
ODXQFK ZRXOG DOVR SURYLGH RSSRUWXQLWLHV IRU
VFLHQWLILF H[SHULPHQWV ERWK GXULQJ FUHZ
tended periods and the untended periods
between missions.
The Next Mars Orbiter is planned to provide
HQKDQFHG UHPRWH VHQVLQJ FDSDELOLWLHV KLJKUDWH
FRPPXQLFDWLRQV DQG SRVVLEOH VDPSOH VWRUDJH RU
transportation. EM-3 will continue the outpost’s
assembly in cis-lunar space.
%HIRUH WKH FUHZ DUULYHV LQ 2ULRQ IRU (0 WKH
prototype assembly platform will be delivered by
solar electric propulsion. The Asteroid Redirect
Mission (ARM) will also be demonstrating solar
electric propulsion (SEP) capability to transport
large masses in deep space in this timeframe. A
prototype of crew quarters will be co-manifested
with Orion.
As the proving ground missions proceed
DQG PLVVLRQ GXUDWLRQV LQFUHDVH VXSSOLHV DQG
consumables will be delivered by commercial or
LQWHUQDWLRQDO SDUWQHUVKLS ODXQFKHV 'XULQJ (0
WKH FUHZ ZLOO FKHFN RXW V\VWHPV SHUIRUP VFLHQFH
experiments and make progress against proving
ground objectives.
%HIRUH WKH FUHZ DUULYHV IRU (0 D SURWRW\SH
propulsion module will be launched. A prototype
laboratory will be co-manifested with Orion and
(0ZLOOEHDEOHWRFRQGXFWFLVOXQDUVFLHQWLĂF

exploration using the propulsion module and the
deep space laboratory. They will demonstrate teleoperations and sample retrieval capabilities.
&RPDQLIHVWHG ZLWK (0 ZLOO EH WKH ĂUVW
HOHPHQW RI WKH 0DUV %DVH &DPS YHKLFOH WKH ODUJH
habitat (Hab). Along with the prototype modules
DOUHDG\ DVVHPEOHG (0 ZLOO EH D \HDUORQJ
shakedown cruise to test out systems.
This mission will include low gravity EVA
operations during the ARM portion of the mission.
A visit to an asteroid in its native orbit is also
EHLQJ FRQVLGHUHG ,Q  GXULQJ WKH WLPH IUDPH
RI WKH VKDNHGRZQ FUXLVH VFLHQFH DVVHWV OLNH WKH
H[FXUVLRQ V\VWHPDVVHPEO\ SODWIRUP ODERUDWRU\
and robotic assets will be pre-deployed to Mars
with SEP stages.
,Q  DQG  WKH 0%& FUHZ TXDUWHUV
SURSHOODQW WDQNV SURSXOVLRQ VWDJHV DQG
FRQVXPDEOHV ZLOO EH ODXQFKHG (0 DQG (0
will be dedicated to assembly and full system
WHVWV %\ WKH HQG RI (0 DOO RI WKH SURYLQJ
JURXQG REMHFWLYHV ZLOO EH FRPSOHWHG LQFOXGLQJ
WUDQVSRUWDWLRQ FUHZ WUDQVSRUWDWLRQ KHDY\ ODXQFK
FDSDELOLW\ LQVSDFH SURSXOVLRQ GHHS VSDFH
QDYLJDWLRQ DQG FRPPXQLFDWLRQ ZRUNLQJ LQ VSDFH
VFLHQFH GHHS VSDFH RSHUDWLRQV LQVLWX UHVRXUFH
XWLOLVDWLRQ GHHS VSDFH KDELWDWLRQ DQG FUHZ KHDOWK
This progression of missions to a Mars Base
&DPS LV QRW IRFXVHG RQ PLQLPDOLVP DQG FRXOG
arguably be reduced in scope or bypass certain
cis-lunar steps in order to reduce cost.
+RZHYHU WKH PLVVLRQ VHTXHQFH LV LQWHQGHG
to be executed without any substantial increase
LQ WKH FXUUHQW LQăDWLRQDGMXVWHG 1$6$ KXPDQ
H[SORUDWLRQ EXGJHW JLYHQ D SKDVHGUHWLUHPHQWRI
WKH ,66 EHJLQQLQJ LQ 
The key to a cost-effective near-term human
H[SORUDWLRQ SURJUDPPH IRU 0DUV ZKLFK EHJLQV
ZLWK DQ RUELWDO 0DUV %DVH &DPS LV WKH FKRLFH RI
mature and nascent technologies throughout the
architecture. The main emerging technologies
upon which the MBC is dependent do not require
any fundamental breakthroughs.
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Ambitious missions
The initial steps to enable a Mars Base Camp
mission have already begun. Exploration Flight
7HVW ZDV VXFFHVVIXOO\ DFFRPSOLVKHG DQG (0 LV LQ
assembly and test at the Kennedy Space Center for
ODXQFK LQ  ZKLOH (0 LV RQ WUDFN IRU ODXQFK RI
WKH ĂUVW GHHS VSDFH H[SORUDWLRQ FUHZ HVWDEOLVKLQJ
a pathway that leads to Mars Base Camp. That path
OHDGV WKURXJK FLVOXQDU VSDFH WKH SURYLQJ JURXQG
IRU LQFUHDVLQJO\ DPELWLRXV PLVVLRQV LQ D ORJLFDO
progression that demonstrates capabilities in near
(DUWK VSDFH EHIRUH GHSDUWXUHRQPLVVLRQVRI
days and more.
The expedition begins with the prepositioning
of mission elements that are important for mission
success but are not essential for the survival of the
FUHZ 7KLV LQFOXGHV WKH SUHSODFHPHQW YLD N:
FODVV 6(3 WKH 3KRERV'HLPRV ([FXUVLRQ 6\VWHP
WKH /DERUDWRU\ DQG VFLHQFH HTXLSPHQW WKH &HQWHU
1RGH DQG FHUWDLQ FRQVXPDEOHVWKDWDUHQRW
required for survival.
:KLOH WKHVH SUHSODFHG V\VWHP HOHPHQWV DUH LQ
WUDQVLW WR WKH VRO 0DUV %DVH &DPS RUELW WKH ĂQDO
DVVHPEO\ RI WKH %DVH &DPS 7UDQVLW &RQĂJXUDWLRQ
is completed in high-Earth orbit (HEO). Depending
RQ WKH FLVOXQDU SUHFXUVRU PLVVLRQ DUFKLWHFWXUH
this HEO may be a lunar distant retrograde orbit
/ +DOR 2UELW QHDU UHFWLOLQHDU RUELW RU VLPSO\ D
highly elliptical Earth orbit. A HEO orbit is chosen
based on its relatively low departure delta velocity
and the ability to support crew/ground training
IRU LQFUHDVLQJO\ UHPRWH RSHUDWLRQV PLFURJUDYLW\
RSHUDWLRQV DQG WHOHURERWLFV DQG WHOHSUHVHQFH
operations on planetary surfaces from orbit.
7KH 7UDQVLW &RQĂJXUDWLRQ LV HVVHQWLDOO\ LGHQWLFDO
for both trans-Mars and trans-Earth transportation

The MBC Assembly,
integrated with SEPdelivered stages, in
Mars orbit.
The Transit
Configuration completes
trans-Martian assembly
for a 2028 departure.

Table 2. Mars Base Camp
element descriptions.

of the crew and consists of two copies of all
modules that are necessary for safe crew return in
the event of a major elements-level malfunction.
7KH SURWRW\SH /DE 1RGH DQG ([FXUVLRQ 6\VWHP
stay behind for further use in cis-lunar space.
2QFH WKH 7UDQVLW &RQĂJXUDWLRQ DUULYHV LQ WKH VRO
6FLHQFH 2UELW LW LV PDWHG ZLWK WKH HOHPHQWV SUH
placed via SEP to form a unique expedition-class
planetary science vehicle capable of supporting
human exploration sorties to both Phobos and
Deimos as well as robotic telepresence exploration
and sample return from the surface of Mars.

MODULE

FUNCTION

Orion

Command and control through entire mission, reentry vehicle

Crew Quarters

Crew living space, life support systems

Tank Farm

Propellant storage

Habitat/ Laboratory

Living and working spaces

Solar Array

Power generation

Center Node

Center module of MBC

Excursion Module

Human transportation on Phobos and Deimos; airlock
and landing legs

Cryogenic Propulsion Stage

Provides high thrust in-space propulsion

Solar Electric Propulsion Stage

Delivers elements and cargo for cis-lunar staging
and Mars

Robotic Arm

MBC assembly

Radiators

Thermal control
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7KH VRO 6FLHQFH 2UELW LV FKRVHQ WR DOORZ
surface synchronized telerobotic operations while
optimizing the delta velocity split between the
ODUJH 7UDQVLW &RQĂJXUDWLRQ WKH VPDOOHU 3KRERV
DQG 'HLPRV 6RUWLH 6\VWHPV DQG WKH URERWLF 0DUV
ascent vehicle that delivers samples to Mars orbit
for recovery by the Phobos Sortie Crew in the
vicinity of Phobos.
The Laboratory Module and science equipment
arrives in Mars orbit prior to the crew and remains
in Mars orbit when the crew departs for Earth in
WKH 7UDQVLW &RQĂJXUDWLRQ 7KH RQO\ HOHPHQW RI
WKH 7UDQVLW &RQĂJXUDWLRQ WKDW LV QRW PLUURUHG IRU
V\VWHP OHYHO UHGXQGDQF\ LV WKH ODUJH +DE ZKLFK
is designed to provide habitable volume but could
actually be jettisoned in the event of an emergency.
The Hab could be discarded in a crisis
situation because the closed loop environmental
life support system hardware is contained in
WKH VPDOOHU &UHZ 4XDUWHUV PRGXOHV WKDW DUH
surrounded by the cryogenic hydrogen and oxygen
tanks (Tank Farms). The Tank Farms surrounding
WKH &UHZ 4XDUWHUV SURYLGH DQ H[FHOOHQW VWRUP
VKHOWHU IRU 6RODU 3DUWLFOH (YHQWV DQG D SDUWLDO EXW
VLJQLĂFDQW DWWHQXDWLRQ RI WKH JDODFWLF FRVPLF UD\
environment during sleep and rest periods. Orion
is also designed to function as a radiation shelter.
7KH +DE LQFOXGHV ZRUN UHFUHDWLRQ GLQLQJ
and exercise areas comparable in volume to the
6N\ODE PRGXOH :LWKRXW WKH +DE FUHZ ZHOOEHLQJ
is compromised and the return trip in particular

20 ROOM

An artist’s rendering of
the Deimos Excursion
Vehicle departing from
the Mars Base Camp with
a crew of three to visit
this milligravity moon.

There is no
need to do
new complex
development
programmes
if solutions
already exist

takes on aspects of the rather spartan Mars Direct
0LVVLRQ >@ +RZHYHU HYHQ ZLWK WKH ORVV RI D
3URSXOVLRQ 6WDJH D &UHZ 4XDUWHUV RU DQ 2ULRQ
YHKLFOH WKH HQWLUH &UHZFDQEHVWLOOEHUHWXUQHG
safely to Earth.
7KH &UHZ 4XDUWHUV DQG 2ULRQ HOHPHQWV
QRUPDOO\ HDFK FRQĂJXUHG IRU WKUHH ZLOO
accommodate all six crew members in case of
emergency. The Mars Base Camp architecture
provides the crew with the resources necessary to
support self-rescue throughout the mission if no
other option exists.
In this respect the MBC architecture is unique
compared to most other Mars human exploration
architectures. It could be argued that the Mars
Base Camp mission could be done with a single
2ULRQ DQG D VLQJOH &UHZ 4XDUWHUV DQG WKDW WKH
3URSXOVLRQ 6WDJHV FRXOG EH PRUH HIĂFLHQWO\
combined into a single stage that still supported
WZR VRUWLH PLVVLRQV EXW WKH DGGHG VHFXULW\ RI VHOI
rescue provided by element-level redundancy is a
reasonable mass trade-off.
The Mars Base Camp mission places humans on
WKH WZR DOLHQ ZRUOGV 3KRERV DQG 'HLPRV ZKRVH
RULJLQV KLVWRULHV DQG FRPSRVLWLRQV DUH ODUJHO\
unknown. In the low gravity environment of Phobos
DQG 'HLPRV FDUH PXVW EH WDNHQ WR DYRLG NLFNLQJ RU
pluming the surface with thrusters as this will propel
surface material into orbit or escape velocities.
)RU IUHHURDPLQJ H[SORUDWLRQ LQ WKLV HQYLURQPHQW
the Excursion System allows suited crew to
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perform extravehicular activities (EVAs) with a
6SLGHU )O\HU:DONHU 7KLV V\VWHP LV GHYLVHG WR DOORZ
scientist/astronaut crew to interact directly with
the surface and robotic/science equipment on the
VXUIDFH DQG WR PRYH IUHHO\ DERXW WKH VXUIDFHXVLQJ
jumps to avoid pluming the surface.
The system has a blended reaction control
V\VWHP WKDW PDLQWDLQV FRQWDFW ZLWK WKH VXUIDFH
SXVKLQJ WRZDUGV WKH VXUIDFH DV QHFHVVDU\ WR NHHS
LQ FRQWDFW ZKLOH LQ ZDONLQJ PRGH 'XULQJ WKH (9$V
one crew member would remain in Orion. Multiple
EVAs would be possible during the roughly twoweek sortie mission.
The crew of the Phobos Excursion vehicle will
also collect samples from Mars that have been
placed in orbit near Phobos by robotic systems
that are under the direction of the MBC crew.
Teleoperations and telepresence are used to
interact with rocket-propelled airplanes that
WDUJHW WKH VRXUFH PHWKDQH HPLVVLRQV RQ 0DUV
rovers on the surface and the robotic Mars Ascent
Vehicles that bring samples up to Phobos orbit
altitude. The crew will stay in Mars orbit for
DERXW  PRQWKV EHIRUH XQGHUWDNLQJWKH\HDUORQJ
journey home to Earth.
The crew returns to Earth in the same Transit
&RQĂJXUDWLRQ DV ZDV XVHG WR UHDFK 0DUV 7KH
/DE &HQWUDO 1RGH DQG ([FXUVLRQ 6\VWHP UHPDLQ
in Mars orbit for the next mission. The Habitat
DQG PXOWLSOH &UHZ 4XDUWHUV DQG 2ULRQ &UHZ
0RGXOHVSURYLGHVXIĂFLHQWSDUWLWLRQDEOHKDELWDEOH

volume to support Crew well-being and safety for
the long voyage home.
,Q D QRPLQDO PLVVLRQ UHHQWU\ WKH FUHZ LV GLYLGHG
into two groups of three along with containers of
VDPSOHV IURP 0DUV 3KRERV DQG 'HLPRV RQ ERWK
Orion vehicles. The mission is designed to limit the
return velocity relative to Earth’s atmosphere to be
consistent with Orion’s capabilities.
:HOO SULRU WR HQWU\ WKH &U\R 3URSXOVLRQ
Modules are removed from the Orion vehicle. The
Astronauts suit up and transfer to their Orion
return vehicles the day before Earth encounter.
The two Orion vehicles can remain docked nose to
nose until the time comes to manoeuvre to their
respective entry coordinates.
Each Orion Crew Module (CM)/Service Module
60 LV D IUHHă\LQJ YHKLFOH WKDW VHSDUDWHV IURP
WKH 0%& V\VWHP DQG SRVLWLRQV LWVHOI IRU HQWU\
descent and landing. The CM and SM separate
DV LQ DQ\ 2ULRQ UHWXUQ DQG WKH &0 GHVFHQGV RQ
parachutes for a mid-ocean recovery. In the event
RI DQ DQRPDO\ RU V\VWHP OHYHO PDOIXQFWLRQ WKH
entire six-person crew can return in a single Orion
Crew Module.
Depending on the quantity of residual cryogenic
SURSHOODQW UHPDLQLQJ LW PD\ EH SRVVLEOH WR
propulsively brake the remaining MBC elements
into a high elliptical Earth orbit. This could allow
WKH WZR &U\R 7DQN )DUPV&UHZ 4XDUWHUV DQG
the Habitat to be retrieved via an SEP tug and
UHXVHG LQ WKH IXWXUH HLWKHU LQ FLVOXQDU VSDFH RU
on a subsequent mission to Mars. Planning ahead
IRU VXIĂFLHQW UHVLGXDO SURSHOODQW SURYLGHV VRPH
UDGLDWLRQ VKLHOGLQJ IRU WKH UHWXUQ MRXUQH\ DOORZV
IRU UHFRYHU\ RI 0%& HOHPHQWV DQG SURYLGHV
additional options for mission contingencies and
emergency responses. The Cryo Tank Farms and
Cryo Stage total propellant volumes are somewhat
oversized to account for this possibility or
potential mass growth elsewhere in the system.

The Spider Flyer/Walker
undocks from the MPCV
excursion node.

EVA’s via Spider Flyer/
Walker allow mobility and
science activities on the
Martian surface.

The initial
steps to enable
a Mars Base
Camp mission
have already
begun.

MBC mission science
elements.
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Science
7KH PLVVLRQ DFFHOHUDWHV VFLHQWLĂF GLVFRYHU\ RI
origins and the search for life using scientistastronauts and advanced robotics to conduct
XQSUHFHGHQWHG ĂHOG VFLHQFH DQG LQVLWX VDPSOH
DQDO\VLV LQ WKH 0DUWLDQ V\VWHP SLQSRLQWLQJ WKH
right human landing zones and bringing back the
right samples.
$ SUHOLPLQDU\ DOORFDWLRQ RI  PHWULF WRQV RI
science equipment is allocated to the Laboratory
0RGXOH RQ 0%& DORQJ ZLWK  N: RI GHGLFDWHG
electrical power. These allocations are intended to
be a starting point for the discussions of science
REMHFWLYHV PHDVXUHPHQW W\SHV LQVWUXPHQWV DQG
VXSSRUW HTXLSPHQW VDPSOH FXUDWLRQ H[WHUQDO
URERWLF HOHPHQWV LQWHUIDFHV RSHUDWLRQDO FRQFHSWV
DQG WKH LGHQWLĂFDWLRQ RI GULYLQJIXQFWLRQDODQG
performance requirements.
It takes advance planning to engage the science
community in examining the MBC mission
FRQFHSW IRFXVLQJ RQ WKH PRVW HIIHFWLYH UROHV DQG
use of robotic/automated and human/manual
FDSDELOLWLHV DQG V\VWHPV IRUWKHDGYDQFHPHQWRI
key science objectives.
2I SDUWLFXODU LQWHUHVW DUH GHĂQLWLRQ RI WKH
URERWLF V\VWHPV HOHPHQWV DQG PLVVLRQV RXWVLGH
RI WKH 0DUV %DVH &DPS YHKLFOH WKDW EHVW
complement the capabilities and limitations of
the crew and science systems aboard the MBC
vehicle. This will include factoring in the current
DQG IXWXUH SODQV RI 1$6$ WKH REMHFWLYHV RI
LQWHUQDWLRQDO SDUWQHUV DQG SHUKDSV FRPPHUFLDO
interests in resource prospecting.
Mars Base Camp is intended to address the very
fundamental questions of origins and evolution
of Our Solar System as well as the fundamental
question of life on Mars. The MBC architecture
provides the ability to send robotic elements to
ORFDWLRQV RQ 0DUV WR UHWXUQ VDPSOHV IRU DQDO\VLV
WR D ODERUDWRU\ LQ 0DUV RUELW DQG WR UHWXUQ WKRVH
samples to Earth for in-depth analysis. The robotic
elements may be launched to Mars as separate
missions or may be deployed from Mars Base Camp.
A key objective of the Mars surface robotic
operation will be to place a sample into Martian
orbit near the orbit of Phobos for the Phobos
sortie mission to retrieve. This sample may be one
of the samples selected and cached on the surface
E\ WKH 0DUV  URYHU D VDPSOH VHOHFWHG E\ D
ODWHU URERWLF PLVVLRQ RU D VDPSOH VHOHFWHG GXULQJ
the Mars Base Camp telerobotic operations.
Crewed sorties to Phobos and Deimos will
attempt to answer questions including the moons’
origins. A three-person crew will conduct missions
DWWKHVHORFDWLRQVIRUDERXWWZRZHHNVXWLOLVLQJ
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Mars Base
Camp
architecture
provides the
crew with the
resources
necessary
to support
self-rescue
throughout the
mission if no
other option
exists

Deimos sortie returning
to Mars Base Camp.

WKH H[FXUVLRQ YHKLFOH HOHPHQWV SURSXOVLRQ VWDJH
03&9 DLUORFN 6SLGHU )O\HU:DONHU WR SHUIRUP
sortie rendezvous and MBC crew ‘landings’.
%HIRUH ODQGLQJ WKH FUHZ ZLOO PDS RXW WKH
surface in more detail and select landing spots
from the orbiting excursion vehicle. Astronauts
ZLOO YHQWXUH YLD 6SLGHU )O\HU:DONHUV WR WKH
VXUIDFH SHUKDSV WR PXOWLSOH VLWHV :KLOH LQ WKH
6SLGHU :DONHU FRQĂJXUDWLRQ ZKLFK SURYLGHV WKH
FUHZ WKH DELOLW\ WR FRQGXFW VFLHQWLĂF RSHUDWLRQV
with minimal geologic disturbance in the milliJUDYLW\ RI WKHVH ÚDOLHQÛ ZRUOGV DVWURQDXWV ZLOO
collect various samples to be delivered back to the
MBC Laboratory for study and analysis.
The progression of Stepping Stones missions
in cis-lunar space also provides opportunities to
develop and validate sample return and low gravity
ERG\ PLVVLRQ HOHPHQWV V\VWHPV DQG SURWRFROV
SULRU WR WKHLU XVH DW 0DUV ,Q SDUWLFXODU WKH UHWXUQ
of lunar samples from the south pole Aitken Basin
meshes the accomplishment of a key Decadal
Survey science objective with the complementary
development of cis-lunar and Mars crewed and
robotic system capabilities.
6LQFH ZHOO EHIRUH WKH ĂUVW 9LNLQJ ODQGHU WRXFKHG
GRZQ RQ 0DUV VRPH  \HDUV DJR KXPDQLW\ KDV
been fascinated with the Red planet. Lockheed
0DUWLQ EXLOW 1$6$ÛV ĂUVW 0DUV ODQGHU DQG KDV EHHQ
a part of every NASA Mars mission since. The Mars
Base Camp concept builds upon existing deep
space technologies in development today and
provides a blueprint for NASA’s Journey to Mars.
This plan provides the opportunity for
VLJQLĂFDQW VFLHQWLĂF GLVFRYHU\ FDQ EH HYROYHG WR
DFFRPPRGDWH VSHFLĂF PLVVLRQ REMHFWLYHV DQG
ensures the safety of our astronauts. The results of
this architecture study show that a near term Mars
mission is compelling and feasible.

Space Security

Protecting
our space interests

The safety and security of space activities in Earth orbit are becoming a
matter of grave concern, according to Gerard Brachet who has served
as chairman of the UN Committee on the Peaceful Uses of Outer Space
(COPUOS). From first-hand experience he provides an insight into the
quagmire of international relations and the fight to establish a framework
that will ensure a sustainable future for activities in outer space.
hile security issues in outer space
were mostly handled at a bilateral
level between the Soviet Union and
the United States during the Cold
War, most actors in outer space, space agencies
and commercial satellite operators, realise today
that our use of outer space since 1957 has been
rather careless of its long-term sustainability. The
situation might be compared to that of the 19th
and 20th centuries with respect to maritime
shipping and exploiting the oceans’ resources
where there was a wilful ignorance of the negative
impact of pollution and a general blindness to the
ORQJWHUP HIIHFWV RI RYHUĂVKLQJ
The successful use of near-Earth space systems
to support national security and to deliver many
now indispensable services to society has resulted
in a massive increase in the number of operating
systems in space, both government and private,

W

which has in turn generated problems associated
with overcrowding security.
A rapid increase in the amount of associated
orbital debris is perhaps the most pressing
problem and although measures have recently
been adopted at international level to limit its
future growth, the result of this self-imposed
discipline will not be seen for decades.
Second - and directly affecting the security of
space systems - is the potential use of weapons
in outer space and the risk that outer space will
EHFRPH DQRWKHU EDWWOHĂHOG 7KLV ULVN ZDV KLJK
during the Cold War but both the Soviet Union
and the USA decided that self-restraint was a
better option.
7RGD\ WKH DYDLODELOLW\ RI PRUH GLYHUVLĂHG
weapons, some of which are very discreet,
combined with rapidly changing geopolitical
VLWXDWLRQVDQGWKHKLJKULVNRIUHJLRQDOFRQăLFWV

A kinetic energy
weapon launched to
destroy a satellite.

Gerard Brachet
Space Policy
Consultant, France
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Evolution of the
population of space
objects catalogued by
the US Space
Surveillance Network
from 1957 to 2016.

Monthly Number of Objects in Earth Orbit by Object Type
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The availability
of more
diversified
weapons
increases the
vulnerability of
space-based
systems

involving some major space powers, increase the
vulnerability of space-based systems.
A third concern relates to the complex issue
RI PDQDJLQJ WKH ĂQLWH DYDLODEOH HOHFWURPDJQHWLF
spectrum and the orbital slots allocated to
geostationary satellite operators. This increasingly
challenging task is managed by the International
Telecommunication Union (ITU), which is based in
Geneva. However, the ITU operates under United
Nations rules of consensus for most of its activities
and lacks a strong enforcement power.
To better appreciate the situation, let’s look at
some numbers:
•

•
•
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Twelve states have demonstrated
their own space launch capability
but only six of these conduct regular
launch operations: China, Europe (via
Arianespace), India, Japan, Russia and
the USA. Collectively, they conduct
80-90 launches per year (86 in
2015, of which 81 were successful).
However, more and more launches
deliver multiple spacecraft to orbit,
sometimes up to 12 small satellites at
a time.
Between 1957 and the end of 2015 there
were 5,165 successful space launches.
About 22,000 objects are being tracked
by the US Space Surveillance Network

•

and a high proportion (17,255) have
been catalogued, that is, they have
EHHQ LGHQWLĂHG DQG WUDFNHG RYHU ORQJ
SHULRGV ZLWK VXIĂFLHQW FHUWDLQW\
However, among this large number of
objects, only 23 per cent are functional
or non-functional spacecraft. Of the
remaining 77 per cent, 11.5 per cent are
spent upper stage rocket bodies, 11.5
per cent other mission-related objects
and 54 per cent fragments - an increase
from 41 per cent before China’s antisatellite (ASAT) test of 11 January 2007.
The tracked objects are typically larger
than 10 cm in size (1 m in geostationary
orbit at 36,000 km altitude), but a much
larger amount of smaller debris, several
hundred thousand items between 1 cm
and 10 cm, are also orbiting the Earth.
These smaller debris are not catalogued
LQGLYLGXDOO\ DQG DUH PXFK PRUH GLIĂFXOW
WR WUDFN EXW FDQ VWLOO FDXVH VLJQLĂFDQW
damage to operational spacecraft
because of the high relative velocity of
objects in low Earth orbit (LEO).
6L[W\ĂYH VWDWHV DQG UHJLRQDO
governmental organisations operate
satellites in Earth orbit, and an
increasing number of private
companies operate commercial

Space Security

Orbital debris concern
The proliferation of space debris on and around
the most widely used orbits is out of control and
must be restricted, with solutions found to the
VLJQLĂFDQW WKUHDW WKDW GHEULV SRVHV LQ VRPH/(2
altitude/inclination combinations.
The Inter Agency Debris Coordination
Committee (IADC), which published its Space
Debris Mitigation Guidelines in 2002, is the prime
driver on this issue and is to be commended for its
excellent work.
The IADC brings together national space
agencies from 12 countries plus a regional space
agency, the European Space Agency (ESA). It
FRQVLVWV RI D 6WHHULQJ *URXS DQG IRXU VSHFLĂF
Working Groups (WGs) covering measurement
(WG1), the environment and databases (WG2),
protection (WG3) and mitigation (WG4). A primary
purpose of the IADC is to exchange information on
space debris research activities between member
space agencies, to facilitate opportunities for
cooperation on space debris research, to review
the progress of ongoing cooperative activities and
to identify debris mitigation options.
In 2013, the IADC completed a major study
RQ WKH IXWXUH /(2 HQYLURQPHQW FRQĂUPLQJ WKH
instability of the current LEO debris population.
,W DOVR FRQĂUPHG WKDW FRPSOLDQFH ZLWK PLWLJDWLRQ
measures - such as the rule whereby spacecraft
in LEO should re-enter Earth’s atmosphere in less
WKDQ  \HDUV  LV WKH ĂUVW OLQH RIGHIHQFHDJDLQVW
an increase in orbital debris.

Objects orbiting in LEO travel at 7-8 km/
second and two such objects would present a
very high relative velocity, in the order of 10-16
km/s, which means any spacecraft with some
degree of manoeuvrability could be used as a
weapon simply by being directed at another
spacecraft. Neither do weapons need to be
based in space to present a threat to orbiting
operational satellites. Ground-based weapons
can also be used, as the 2007 Chinese ASAT test
against a spacecraft in LEO demonstrated.
Non-kinetic energy weapons, capable of
interfering with operational spacecraft by
jamming communications with ground control
or blinding detectors, are already available and
have been tested on several occasions. Even
without destroying a spacecraft, such weapons
still pose a threat to safe and secure operations
in outer space.
The USA has developed powerful groundbased and airborne radar and high-energy
lasers as part of its ballistic missile defence
programme. These could easily be adapted for
use against space objects and any state that has
reached a reasonable technological level would
be capable of acquiring some capacity in this
ĂHOG 7KH GHSOR\PHQW RI VXFK ZHDSRQV UHTXLUHV
a parallel space surveillance capability to be
able to monitor space objects and estimate the
SRVLWLRQ RI WKH WDUJHW VDWHOOLWHZLWKDVXIĂFLHQW
degree of accuracy.
Less powerful lasers can be used to temporarily
blind reconnaissance satellites in LEO, thereby
preventing the collection of intelligence data over
D VSHFLĂF WHUULWRU\ ZKLOVW MDPPLQJ RI UDGLR
frequency uplinks and downlinks is regularly used
in certain parts of the world to jam broadcasting
satellites carrying radio or television programmes
that displease the local regime. The ITU has
been asked to handle several complaints from

The
proliferation of
space debris
on and around
the most
widely used
orbits is not
under control

Spatial density of
orbital debris vs. altitude
in Low Earth orbits.

NASA Orbital Debris Program Office

satellite systems, either in
geostationary Earth orbit (GEO), where
most telecommunications satellites are
located, or in LEO, which are widely
used for meteorology and remote
sensing, as well as telecommunication
satellite constellations. There are
currently about 1,200 operational
satellites, or functional satellites
delivering a service, of which 450 are
operating in GEO. Most of the rest
are either in LEO or in the medium
Earth orbits (MEOs) used by GPS
and other global navigation satellite
constellations.

Battlefield potential
7KH ULVN RI RXWHU VSDFH EHFRPLQJ D EDWWOHĂHOG
is hard to quantify and whilst the deployment
of ‘traditional’ weapons’ in outer space has not
WDNHQ SODFH WKHUH LV QR FOHDUGHĂQLWLRQRIZKDWLVD
weapon in outer space.
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LEO Environment Projection (averages of 100 LEGEND MC runs)

Liou/Johnson/Hill - Acta Astronautica

Forecasting the
long-term evolution of the
space debris population.
This figure describes the
results from of a large
number of Monte Carlo
simulations of the
long-term evolution of the
orbital debris population
in LEO. Number of
launches per year is
assumed to be about
constant. ‘PMD’ refers to
Post Mission Disposal - 90
per cent PMD means that
90 per cent of active
satellites are disposed of
at the end of their mission
according to
internationally agreed
debris mitigation
guidelines. ‘ADR’ means
Active Debris Removal.

telecommunications satellite operators but lacks
the required enforcement mechanisms to truly
resolve such issues.
A more sophisticated threat is the potential
takeover of a satellite by a third party, be it a
terrorist organisation or another state, which
would require access to codes and the bypassing
of existing cyber protections.

International initiatives
The IADC’s work and subsequent adoption of
its Space Debris Mitigation Guidelines in 2007
by COPUOS provides a good model of how the
international community can progress towards a
regime on sustainable space operations.
The development of debris mitigation
guidelines was very much a bottom-up process.
It started with a detailed assessment of the
situation by technical experts from the IADC
agencies, was complemented by many tests
and simulations, and continued with technical
discussions of possible mitigation measures and
ĂQDOO\ WKH GHYHORSPHQW RI D FRQVHQVXDO EDVLV
for orbital debris mitigation guidelines based on
robust technical grounds.
7KH ĂUVW YHUVLRQ RI WKH ,$'& 'HEULV 0LWLJDWLRQ
Guidelines, published in 2002, formed the basis
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RI WKH GLVFXVVLRQ ZLWKLQ WKH &23826 6FLHQWLĂF
and Technical Sub-Committee (STSC) when it
took up the issue in 2003. The advantage of such
a bottom-up, technical approach is that the
recommendations that emerge are agreed to by all
SDUWLHV ZKLFK PDNHV LW GLIĂFXOW WR UHRSHQ DQGWKXV
disrupt the debate at the political level.
This positive assessment of the IADC model and
the subsequent COPUOS/STSC debate on ways to
mitigate the growth of space debris and the threat
this represents to safe operations in Earth orbit led
the author, at that time chairman of the COPUOS,
WR ăRDW WKH FRQFHSW RI D :RUNLQJ *URXS GHGLFDWHG
WR GHYHORSLQJ ÚUXOHV RI WKH URDG IRU VSDFH WUDIĂFÛ
At the 52nd session of COPUOS in June 2009, the
French delegation formally proposed the ‘long-term
sustainability of outer space activities’ as a new
agenda item for COPUOS in 2010. After including the
WRSLF IRU LWV 6FLHQWLĂF DQG 7HFKQLFDO 6XE&RPPLWWHH
(STSC), the COPUOS/STSC then decided to set up
a formal Working Group to address the issue, as it
had done in 2003 for space debris. Dr Peter Martinez
6RXWK $IULFD ZDV DSSRLQWHG FKDLUPDQ DQG LWV ĂUVW
meeting took place alongside the 53rd session of
COPUOS in Vienna in June 2010.
The UN COPUOS Working Group continued
its work until 2015, relying on four expert groups

Space Security

set up to examine the various aspects of the
long-term sustainability of space activities, and
preparing a number of proposed guidelines.
Following lengthy discussions at the 53rd
session of COPUOS/STSC in February 2016, where
no consensus could be found, a special informal
session of the WG took place in Vienna in June
2016, just before the 59th session of the COPUOS
plenary session. During this session, COPUOS
GHOHJDWLRQV DJUHHG RQ D ĂUVW VHW RI  JXLGHOLQHV
and extended the mandate of the WG until 2018 to
complete its discussion and, hopefully, agree on
the other draft guidelines.

European Union proposal
The COPUOS initiative did not focus on space
security per se because COPUOS addresses the
peaceful uses of outer space. Space security
activities fall under the mandate of the Conference
on Disarmament (CD), which meets in Geneva.
Unfortunately, there has been little progress at the
CD on the Prevention of an Arms Race in Outer
Space (PAROS) agenda item, largely because the
CD has failed to agree on an overall work plan.
Faced with this lack of progress on the
security of outer space, ambassadors to the
CD from European Union (EU) member states
suggested in 2007 that the EU take the initiative
outside of the CD framework to elaborate and
propose to the international community of
spacefaring nations a ‘code of conduct’ for outer
VSDFH DFWLYLWLHV $ ĂUVW YHUVLRQ RI WKH (8 GUDIW
for an International Code of Conduct (ICoC) was
approved by the European Council in December
2008 and then widely circulated.
Bilateral consultations with many spacefaring
nations were conducted by the Council of
the European Union in 2009-2010, leading to
the publication of a new version of the ICoC
in September 2010. A series of open-ended
multilateral consultation meetings took place
in 2012, 2013 and 2014, with new versions of the
proposed Code being distributed at each of these
meetings. The next step was to start a formal
negotiation on the text of the ICoC, which was
planned to take place at UN headquarters in
New York in July 2015. However, negotiations
did not take place during this session as several
delegations objected either to certain aspects of
its contents or to the process followed by the EU
in developing the draft. On the latter question of
process, it is fair to say that many states, such as
India, had expressed reservations as early as 2011.
So, after more than eight years, the EU initiative
seems to be in the doldrums. One aspect troubling

many countries was that it was not placed under
the umbrella of the United Nations, a framework
that the EU excluded from the beginning probably
out of fear that the process would be slowed by UN
procedures and processes.
It is rather sad that this initiative was not
successful but if it is to be taken up again, by the
EU itself or by any other actor, a new approach
will be needed, based on a better understanding
of the negative perceptions of emerging
nations and building on the positive statement
on the usefulness of such a code included in
the 2013 report of the United Nations GGE on
7UDQVSDUHQF\ DQG &RQĂGHQFH%XLOGLQJ0HDVXUHV
in outer space activities.

Treaty proposal
Since the beginning of the century, China and
Russia have been active at the Conference on
Disarmament in promoting their proposed draft
Treaty on the Prevention of the Placement of
Weapons in Outer Space and of the Threat or
Use of Force Against Outer Space Objects, widely
referred to as the PPWT, which would forbid the
deployment of weapons in outer space.
According to Russian and Chinese supporting
statements, such a treaty would reinforce Article
IV of the 1967 Outer Space Treaty, which only
forbids the deployment of weapons of mass
GHVWUXFWLRQ LQ RXWHU VSDFH $ ĂUVW YHUVLRQ RI
the proposed PPWT was tabled by the Russian
delegation at the CD in February 2008.
From the start, the proposal was strongly opposed
by the USA, particularly by the administration
of President George W Bush, which expressed
opposition to any normative attempt in international
law that would tie US hands in the area of space
VHFXULW\ 0RUH VSHFLĂFDOO\ WKH 86$ DQG PDQ\
European states expressed strong reservations
about the proposed treaty because it did not directly
address the threat posed to space-based objects
from ground-based ASAT missiles. The USA was also
quick to point out that the proposed PPWT did not
FRQWDLQ D YHULĂFDWLRQ FODXVH
A revised version of the proposed PPWT
containing some marginal corrections but still not
addressing the issue of ground-based anti-satellite
weapons was tabled by Russia and China at the CD
on 10 June 2014.
The proposed treaty received political support
recently at the BRICS (Brazil, Russia, India, China
and South Africa) summit held on 15-16 October
2016 in Goa, India, but many other states are still
not ready to support it. However, Russia and China
can be expected to continue to push for a binding

More ground
must be
covered before
we will have
a framework
ensuring a
secure and
sustainable
future for
activities in
outer space
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There is no
clear definition
of what a
‘weapon’ in
outer space is

of, outer space. The Group concluded that
voluntary political measures can form the basis
for considerations of concepts and proposals for
legally binding obligations.
Clearly, while not directly quoting the EU’s
proposed ICoC for outer space activities, the
GGE report recognises the value of such an
approach as a step towards more transparency
DQG PRUH LQWHUQDWLRQDO FRQĂGHQFH LQ WKH FRQGXFW
of space activities. The fact that the GGE report
was adopted by consensus among its experts
and was later unanimously endorsed by the First
Committee and by the General Assembly indicates
strong support from the international community
for the direction of progress.

Where next?
The various international initiatives described
above illustrate the serious concern that both
spacefaring nations and non-spacefaring nations
have for the future security and sustainability of
the use of outer space for government-sponsored
as well as commercial applications.
How do we convince the new actors in outer
space, commercial entities as well as emerging
spacefaring nations, that their best interests
lie in abiding by the recommendations and
guidelines that will emanate from the bodies and
organisations mentioned above?
The positive outcome of the GGE exercise and
the slow, but real, progress made by the LongTerm Sustainability Working Group of COPUOS
are encouraging signs - but much more ground
must be covered before we will have a framework
ensuring a secure and sustainable future for
activities in outer space.

United Nations

Members of the UN
Group of Governmental
Experts on Transparency
and Confidence-Building
in Outer Space on the
grounds of the UN
premises in New York.

treaty of some form that would forbid the use of
force in outer space despite it being clear that the
United States and many of its allies are not ready
to even discuss such a proposal.
In 2010, at the initiative of Russia, a request to
the Secretary-General of the United Nations to
set up a Group of Governmental Experts (GGE) to
FRQGXFW D VWXG\ RQ 7UDQVSDUHQF\ DQG &RQĂGHQFH
Building Measures (TCBMs) in outer space was
included in General Assembly Resolution 65/68 on
7&%0V LQ RXWHU VSDFH DFWLYLWLHV $QG IRU WKH ĂUVW
time in many years, the USA agreed to support the
resolution and it was adopted unanimously.
The GGE was formally set up at the beginning
of 2012 with representatives from 15 countries:
Brazil, Chile, China, France, Italy, Kazakhstan,
Nigeria, Romania, Russia, South Korea, South
Africa, Sri Lanka, Ukraine, the United Kingdom
and the USA. Under the chairmanship of Victor
Vasiliev, at that time Deputy Chief of the Russian
Permanent Mission to the United Nations and
the CD in Geneva, the GGE worked rather
HIĂFLHQWO\ ,W ĂQDOLVHG LWV UHSRUW ZKLFK ZDV
adopted by consensus at its last meeting in New
York in July 2013. The GGE report was submitted
for endorsement to the First Committee of the
General Assembly in September 2013 before
being endorsed unanimously by the General
Assembly in its Resolution 68/50 adopted in
December 2013.
In its conclusions and recommendations
section, the GGE endorses efforts to pursue
political commitments, for example, in the form
of unilateral declarations, bilateral commitments
or a multilateral code of conduct to encourage
responsible actions in, and the peaceful use
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Flags of member
nations flying at United
Nations Headquarters in
New York.

Prospects for progress on
space security diplomacy
The diplomacy of space security is a difficult realm in which to assess
progress. There are no set benchmarks and little movement on which to
base a call as to whether matters are progressing or regressing and to a
degree it resembles a ‘glass half full or half empty’ type of determination.
Paul Meyer, a Professor of International Studies and Fellow in International
Security, outlines the situation and suggests some possible answers.
t the same time there is no question that
the use of space is growing
exponentially with some 1400 satellites
currently active and over 60 states or
consortium owning space assets. Every country
RQ WKH JOREH LV EHQHĂWLQJ IURP VSDFHHQDEOHG
services and the collective contribution of space
WR WKH ZRUOGÛV VHFXULW\ DQG ZHOOEHLQJ LV
enormous if hard to quantify. All of this activity
is premised on continuation of the relatively

A

benign operating environment of space, free up
WR WKLV SRLQW IURP PDQPDGHDWWDFNVRUWKUHDWV
against space assets.
The legal basis for this situation lies in the
 2XWHU 6SDFH 7UHDW\ ZLWK LWV IDUUHDFKLQJ
provisions that provide space with a special
‘global commons’ status, forbid stationing of
WMD in orbit or militarisation of celestial bodies,
and specify that the use of space should be for
‘peaceful purposes’ and in the interests of all.

Paul Meyer
Simon Fraser
University and The
Simons Foundation,
Vancouver, Canada
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This neglect of the Outer Space Treaty by the
very states that championed its creation speaks
to a disturbing trend in contemporary space
security affairs
The Outer Space Treaty was a major
accomplishment in international cooperation
and merits celebration at its 50th anniversary
next year at a level commensurate with its
VLJQLĂFDQFH IRU WKH RXWHUVSDFHUHJLPHZHDOO
EHQHĂW IURP WRGD\
It would be appropriate for the over 100 states
SDUW\ WR WKH WUHDW\ WR FRQYHQH WKH ĂUVW HYHU
PHHWLQJ WR PDUN WKLV ODQGPDUN DJUHHPHQW DQG
its golden anniversary. Unfortunately, the three
depositary governments of this treaty (Russia, US
DQG 8. KDYH VKRZQ VFDQW LQWHUHVW LQ XQGHUWDNLQJ
any commemorative action on behalf of the treaty
let alone an innovative step such as convening
such a meeting.
This neglect of the Outer Space Treaty by the
YHU\ VWDWHV WKDW FKDPSLRQHG LWV FUHDWLRQ VSHDNV WR
a disturbing trend in contemporary space security
affairs, one that ignores the constraints on the
actions of actors in space (even those voluntarily
entered into by these same actors) in favour of
emphasising unrestricted freedom of action and
WKH GHYHORSPHQW RI QDWLRQDO VHFXULW\UHODWHG
capabilities to support unilateral moves.
Despite the major role the Outer Space Treaty
has played in delineating the scope of permissible
action in outer space, the international community
KDV ORQJ UHFRJQLVHG WKDW LW LV QRW VXIĂFLHQWWR
preserve security in outer space.
Via the UN General Assembly resolution on
‘The Prevention of an Arms Race in Outer Space’
Signing ceremony for
the Outer Space Treaty in
1967.

Agreement
on the more
demanding
proposed
guidelines will
prove more
elusive
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(PAROS) that has been a regular feature of the
Assembly’s First Committee (Disarmament and
International Security) since the early 1980s
important further policy direction has been given.
7KH ZLGHO\VXSSRUWHG 3$526 UHVROXWLRQ RQO\
two abstentions and no opposing votes) has long
DIĂUPHG WKDW ÚWKH OHJDO UHJLPH DSSOLFDEOH WR RXWHU
space by itself does not guarantee the prevention
of an arms race in outer space…[and that
consequently] there is a need to consolidate and
reinforce that regime and enhance its effectiveness’.
The resolution goes on to stress the need for
‘further measures’ and for states ‘to refrain from
DFWLRQV FRQWUDU\Û WR WKH SHDFHIXOXVHRIRXWHU
space objective. While this policy direction is clear
and important, regrettably from the perspective
of practical diplomacy, the PAROS resolution has
called on the Conference on Disarmament to
HVWDEOLVK D ZRUNLQJ JURXS RQ WKLV LWHP WR FDUU\
IRUZDUG WKLV ZRUN ,W LV DV LI LWV VSRQVRUV KDYH IDLOHG
to notice that the Conference on Disarmament
KDV EHHQ LQ D VWDWH RI JULGORFN IRU  \HDUV XQDEOH
to establish a subsidiary body on space or on any
other theme.
This disconnect between goal and process
regarding space security has persisted for many
years. There appears to be a strong consensus
on the part of states in favour of reinforcing and
consolidating the existing regime but little in
the way of tangible achievements in that regard.
The major initiatives to supplement that regime
proposed in the last decade have failed to come to
fruition and have tended to highlight differences
amongst states rather than overcome them.
,Q WKLV FDWHJRU\ , ZRXOG SXW WKH 6LQR5XVVLDQ
proposed treaty for prevention of placement
of weapons in outer space (PPWT). The
WUHDW\RIĂFLDOO\WDEOHGLQWKH&RQIHUHQFHRQ
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'LVDUPDPHQW LQ  ZLWK D UHYLVLRQ WDEOHG LQ
 KDV GUDZQ FULWLFLVP IURP VRPH TXDUWHUV
IRU LWV ODFN RI GHĂQLWLRQV YHULĂFDWLRQ SURYLVLRQV
and for its restricted scope. Consideration of the
GUDIW WUHDW\ KDV DOVR VXIIHUHG IURP WKH ODFN RI D
relevant subsidiary body within the Conference
on Disarmament to discuss it and the refusal of
its sponsors to bring the treaty before any other
multilateral forum.
Also in this category of diplomatic ‘failure to
ODXQFKÛ , ZRXOG SODFH WKH (8LQLWLDWHG &RGH RI
Conduct for Outer Space Activities, a voluntary
set of measures designed to promote the safety,
security and sustainability of space activity.
Some readers may be aware that this proposed
Code was brought before a multilateral meeting in
-XO\  LQ 1HZ <RUN ZLWK WKH KRSH RI ĂQDOLVLQJ
the text. This was not to be, however, as a
VLJQLĂFDQW QXPEHU RI VWDWHV DUJXHG WKDW VXFK
a Code needed to be developed pursuant to a
mandate authorised by the UN General Assembly.
$W SUHVHQW WKLV &RGH VHHPV LQ D NLQG RI GLSORPDWLF
OLPER ZLWK QR HYLGHQW FKDPSLRQ ZLOOLQJ WR VHHN
authorisation to commence a new multilateral
negotiation based on its text.
)LQDOO\ , EHOLHYH WKDW WKH 5XVVLDQLQLWLDWHG
resolution on ‘No First Placement of Space

Weapons’ adopted at the UN General Assembly
IRU WKH ĂUVW WLPH LQ  DQG DJDLQ LQ 
represents another problematic development for
space security.
This resolution was viewed by several states
DV SRWHQWLDOO\ HVWDEOLVKLQJ D MXVWLĂFDWLRQ IRU
the development of space weapons in order to
retaliate if a state actually was responsible for
EHLQJ WKH ĂUVW WR LQWURGXFH ZHDSRQV LQ VSDFH
These concerns help to explain why a
substantial subset of member states (some 50)
either abstained or opposed the resolution. This
divisive outcome regrettably detracted from the
general consensus that has characterised UN
General Assembly declaratory policy on space up
until this point.
A more positive development in the sphere of
space security was the consensus report issued in
 E\ WKH 81 *URXS RI *RYHUQPHQWDO ([SHUWV
**( RQ Ú7UDQVSDUHQF\ DQG &RQĂGHQFH%XLOGLQJ
0HDVXUHVÛ 7&%0V LQ RXWHU VSDFH
This GGE report set out a substantial list of
7&%0V WKDW FRXOG FRQWULEXWH WR VSDFH VHFXULW\
The report also recommended a joint session of
the First and Fourth Committees of the General
Assembly to combine the two dimensions (or
solitudes) of the UN’s traditional involvement in

The International Space
Station is a symbol of
cooperation. Here, three
vehicles are
simultaneously attached
- Orbital ATK’s Cygnus
cargo craft (left), Russia’s
Soyuz MS-01 vehicle
(middle) and the Russian
Progress 64 cargo craft
(right.)
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The
international
community
needs
some fresh
approaches
in order to
make progress
on the space
security issue

Meeting of the
Committee on the
Peaceful Uses of Outer
Space.
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space policy and activity. This joint session was
duly held last year and a further joint meeting
is envisaged for next year. The jury is still out,
however, on whether the other recommendations
of the GGE will be embraced by states and
actually implemented.
,Q SDUW EHFDXVH RI WKH SURWUDFWHG GHDGORFN LQ
the Conference on Disarmament, the centre of
gravity for further development of space policy
has shifted to Vienna and the UN’s Committee on
the Peaceful Use of Outer Space (COPUOS) at the
expense of explicit coverage of the security aspects
of outer space use. This summer at its annual
session, COPUOS was able to agree on an initial set
RI JXLGHOLQHV HPHUJLQJ IURP D PXOWL\HDU ZRUNLQJ
JURXS RQ WKH ORQJWHUP VXVWDLQDELOLW\ RI RXWHUVSDFH
Some will view these guidelines as the
UHDOLVDWLRQ RI WKH **(ÛV UHFRPPHQGDWLRQV %XW
here again the proof of the pudding will be in the
eating, i.e., how state practice actually changes
via these guidelines. It is also fair to say that the
DGRSWHG JXLGHOLQHV UHSUHVHQW WKH ORZKDQJLQJ
IUXLW RI WKH ZRUNLQJ JURXSÛV SURGXFWLRQ DQG
agreement on the more demanding proposed
guidelines will prove more elusive.
Objectively, I would have to assess that the
prospects for advancing space security at the
current time are not bright. Differences among
leading space powers are being exacerbated while
threat perceptions and rhetoric associated with
WKHVH DUH GDUNHQLQJ
Suggestions that other space powers view one’s
own space assets as vulnerable targets do not

contribute to fostering a cooperative security
climate. The diplomatic initiatives that have been
put forward have either stalled or generated serious
opposition. They will require renewed attention and
FUHDWLYH WKLQNLQJ LI DGYDQFHV DUH WR EH PDGH
The international community needs at this
juncture some fresh approaches in order to
PDNH SURJUHVV RQ WKH VSDFH VHFXULW\ LVVXH ,W
LV HVSHFLDOO\ LPSRUWDQW WR UHDIĂUP DQG UHăHFW
in action, the core commitments of the Outer
Space Treaty. In particular, the obligation to
abide by the peaceful purposes orientation of
the treaty and to ensure that the use of space is
carried out in the general interest and provides
EHQHĂWV IRU DOO DQG QRW MXVW WR WKRVH HQJDJHG LQ
the activities. International cooperation needs
WR EH UHLQVWDWHG DV WKH SUHHPLQHQW DLP IRU
space action. It is also increasingly obvious that
preserving space for humanity is too important
an endeavour to be left only in the hands of
JRYHUQPHQWV 7KH ZLGHU VWDNHKROGHU FRPPXQLW\
(the private sector and civil society) needs to get
more engaged on behalf of responsible policies
that provide for space security for all the years
to come.
About the author
Paul Meyer is Adjunct Professor of International Studies and Fellow in
International Security at Simon Fraser University and Senior Fellow at
The Simons Foundation, both in Vancouver, Canada. Previously he had
D  FDUHHU ZLWK &DQDGDÛV )RUHLJQ 6HUYLFH LQFOXGLQJ VHUYLQJ DV $PEDV
VDGRU WR WKH 81 DQG &RQIHUHQFH RQ 'LVDUPDPHQW LQ *HQHYD  
He teaches a course on multilateral diplomacy and is a member of the
Governance Group for ‘Space Security Index’ an annual publication
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MASTER II Robotic
telescope on the island of
Tenerife, Canary Islands,
at the Teide Observatory
at the Instituto de
Astrofísica de Canarias.

The MASTER
network has
discovered
about one
thousand
new optical
transients of
all types - from
astrophysical
explosions
With a commanding name such as MASTER, it is expected that the
to potentially
Russian-made global robotic system for monitoring near-Earth and outer
dangerous
space has big things in store - and indeed it does. MASTER has already
asteroids and
proved its worth by surpassing all of the world’s optical telescopes,
comets
including the best American observational telescope PanSTARRS, when

Global robotic network
for monitoring nearEarth and outer space
it reported on the first optical follow-up observations of the historic
gravitational wave event GW150914 that occurred in 2015. Aside from
tracking potentially dangerous asteroids and helping to shed light on
mysterious bursts known as kilonova, the MASTER network also has
plans to help ascertain the true expansion rate of the Universe.
t the beginning of the 21st century it
became obvious that using small-diameter
(up to one metre) robotic telescopes in
astronomy allowed for breakthroughs in
observing non-stationary and short-lived events in
the Universe. With the help of robotic
observatories that were built in developed
countries it was possible to discover the optical
emissions of some of the brightest emissions in
the Universe – gamma-ray bursts (GRBs).

A

By analysing the light from a number of
exploding stars (Type 1a supernovae), robotic
observatories have also helped in the discovery
that the Universe is expanding at an accelerated
rate due to the existence of a mysterious force
known as dark energy. The astronomers who
studied this phenomena have since won the Nobel
Prize for Physics in 2011. Not only that, but robotic
telescopes now discover hundreds and thousands
of new small bodies in and outside of the Solar

V.M. Lipunov
Space Monitoring
Laboratory, Moscow
State University,
Moscow
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It is not just
the telescopes
that are fully
automated but
the robotic
network too

System from exoplanets to dangerous asteroids
and meandering comets.
However, it should be emphasised that robotic
telescopes are not simply automated systems
capable of working remotely under human
guidance. Some are able to work autonomously
by selecting observation strategies while
automatically receiving and processing images,
locating new objects from those images and
reporting these discoveries to interested parties
(such as emergency services, agencies, etc), or
SXEOLVKLQJ WKH LQIRUPDWLRQ LQ VSHFLDO VFLHQWLĂF RU
departmental online publications. Indeed, this is
what the MASTER network was developed to do
,Q  WKH ĂUVW 5XVVLDQ URERWLF WHOHVFRSH
MASTER was created under the supervision of
P\VHOI $V D UHVXOW RI D VL[\HDUORQJ ĂHOG WHVW
RI WKLV WHOHVFRSH WKH VPDOO GRXEOH ZLGHĂHOG
telescope (40 cm in diameter) MASTER II was
developed and produced, and this became the
basis of the global monitoring network with
sensitivity to apparent magnitudes 19-20, the
fastest in the world.
2YHU WKH ODVW ĂYH \HDUV WKH 0$67(5 QHWZRUN
has discovered about one thousand new optical
transients of all types - from astrophysical
explosions to potentially dangerous asteroids and
comets. The MASTER II network is internationally
recognised and its telescopes have been invited
to the best observatories north and south of the
equator, and the objects discovered by the network
have become research subjects for the largest
telescopes in the world’s space observatories.
The fact that the world’s largest physical
experiments on neutrino registration (ANTARES,
,FH&XEH DQG JUDYLWDWLRQDO ZDYHV /,*29,5*2
work with MASTER speaks of its quality. MASTER
II’s decade-long working experience has shown
that Russia, with its giant longitudinal expanse
is ideally placed for the creation of a network
of robotic observatories. The unpredictability
of many burst events and their near isotropic
dispersion in the sky makes Russia, as the largest
country in the world, an unparalleled location for
this innovative research.

Wide-field optical complex
5RERWWHOHVFRSH 0$67(5 ,, LV D ZLGHĂHOG
optical complex - an observatory that can work
autonomously, without human participation. The
observatory consists of an automated pavilion, a
powerful and fast (up to 30 degrees per second)
OHYHU WZR ZLGHĂHOG WHOHVFRSHV ZLWK D GLDPHWHU
of 40 cm and focal distance of one metre, that are
equipped with photometers, including astronomical
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ĂOWHUV DQG SRODURLGV HDFK ZLWK D &&' PDWUL[ZLWKD
covering power of 2 x 2 square degrees.
The telescope’s lever has an automated, limited
displacement axis which allows the separation of
the telescopes to be adjusted. The telescopes are
parallel and, when pivoting, MASTER II can provide
synchronous imaging of the interesting part of the
sky in colour or polarized mode.
MASTER II is the only colour polarizing wideĂHOG WHOHVFRSH LQ WKH ZRUOG 7KLV YLHZ PRGH LV
used in cases of receiving alerts from outside
information sources, including space-based
V\VWHPV 'XULQJ DXWRQRPRXV ZRUN LQ VHDUFK
(monitor) mode, the tubes part and this allows
IRU WKH IXOO ĂHOG RI YLVLRQ DYDLODEOH IRU WKH RSWLFDO
complex, with the same scale of image at eight
degrees squared.
Each of the MASTER II optical complexes is
equipped with powerful data processing and
storage servers, with open source code databases
that are quickly accessible online. Unique software
provides secure management of all software
(opening the dome based on cloud detection data,
the choice of observational direction, receiving
images and image processing in real time, the
VHDUFK IRU QHZ XQFDWDORJXHG REMHFWV DQG ĂQDO
data transmission. The latter is accomplished
either online or through other robots, including
robots of the MASTER network, control systems
and international astronomical union or other
international agency robots.
MASTER II robotic telescope is made by MO
OPTIKA, a public limited company, and there are

Space Security

two versions of MASTER II - one for cold zones,
VXFK DV 6LEHULD WKDW ZDV VSHFLĂFDOO\ GHYHORSHG
IRU WHPSHUDWXUHV GRZQ WR  GHJUHHV &HOVLXV
(Buryatia and Amur Region). The ‘cold’ MASTER II
has a specially crafted metallic dome and a secure
cable opening system that works even during
snowfall, ice and heavy winds. In milder climates,
ĂEUHJODVV SDYLOLRQV HVSHFLDOO\ PRGLĂHG IRU WKH
robotic telescope’s intense work, are used. All of
the pavilions are fully able to open and provide
access to any point in the sky above.

Global Robotic Network
MASTER Global Robotic Network for Monitoring
Outer and Near-Earth space was created and is
EHLQJ GHYHORSHG DW /RPRQRVRY 0RVFRZ 6WDWH
University. The main purpose of monitoring is the
search for new and previously unknown objects
that are fundamentally interesting to researchers.
)RU H[DPSOH DIWHU WKH LPSDFW RI WKH &KHO\DELQVN
asteroid, much attention was paid to searching for
potentially dangerous bodies in the Solar System,
such as asteroids and comets, particularly those
approaching the Earth. Such observations demand
a constant upgrade to the mathematical software,
as potentially dangerous asteroids change their
path in near-Earth space very quickly. This has
been achieved and, as a result, during the last
few years its has discovered seven potentially
dangerous asteroids and two comets (Table 1).
The main network junction point is the optical
robotic complex MASTER, currently installed in a
number of locations: Blagoveshensk, Baikal, Ural,

.LVORYRGVN DQG DW WKH 068 &ULPHDQ REVHUYDWRU\
Segments outside of Russia are currently being
EXLOW RQ WKH &DQDU\ ,VODQGV DQG LQ 6RXWK $IULFD
DQG $UJHQWLQD ĂQDQFHG E\ SULYDWH GRQDWLRQV
and under supervision of the Space Monitoring
/DERUDWRU\ DW 0RVFRZ 6WDWH 8QLYHUVLW\
It is not just the telescopes that are fully
automated but the robotic network too.
Everything from the automated closing dome,
imaging of the sky, image processing, the
search for undiscovered objects, including
moving objects, determination of initial orbit
and ‘catching” it for additional imaging and the
adjustment of orbit calculations are all done
automatically without the need for any human
VXSHUYLVLRQ 7R ĂQLVK RII WKH FROOHFWHG GDWD LV WKHQ
transmitted online from the robotic telescope to
the MSU data centre.
The MASTER II robotic network of telescopes is
a last-generation system of robot telescopes with
the ability of a fully automated or remote space
scanning mode. Today there are eight robotWHOHVFRSHV ORFDWHG RQ ĂYH FRQWLQHQWV DQG LVODQGV
Sixteen telescope tubes are in use, providing the
quickest view in the world of the sky up to stellar
absolute magnitude 19-20 of non-moving objects.
7R SXW WKLV LQWR SHUVSHFWLYH &DOOLUUKRH D VDWHOOLWH
of Jupiter which is 8.6 km in diameter, has an
absolute magnitude of 21 and the visible light limit
of the Hubble Space Telescope is 32.
The angular speed of movement can reach
20-50 degrees per second. In recent years, the
MASTER system has discovered over a thousand

Double wide-field
telescope MASTER II. The
telescope is located by
Kislovodsk, operated by
Lomonosov MSU and
Pulkovo Observatory Sun
Station. Elbrus can be
seen on the right.

We have
developed
and are ready
to launch the
production
of a thirdgeneration
robotic
telescope
MASTER III
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The MASTER
projects are
unique in
Russia as
there are no
other fully
robotic optical
systems that
could carry out
fundamental
and applied
research
simultaneously

explosive objects and previously un-catalogued
objects, located anywhere from a few hundred
kilometres to billions of light-years away.
These include the optical doubles of gammabursts (creation of black holes), supernovae
FROODSVH DQGRU QXFOHDU EXUQ RI G\LQJ VWDUV  QRYDH
VWDU FROOLVLRQV DQGRU QXFOHDU EXUQLQJ DURXQG
white dwarves), dwarf novae (non-stationary falling
of matter onto white dwarves in small dual-star
systems), eruptive variables (accretive white
GZDUYHV  DFWLYH JDOD[\ QXFOHL ăDVKHV EOD]DUV
quazars, supermassive black holes), dual star
V\VWHPV RI XQNQRZQ RULJLQV VXSHUIDVW ăDVKHV
RI VWDUV RI WKH 89 .LW W\SH WKH GLVVLSDWLRQ RI WKH
PDJQHWLF ĂHOG RQ UHG GZDUYHV  DQDORJRXV WR
6XQ ăDUHV  SRWHQWLDOO\ GDQJHURXV DVWHURLGV 6RODU
System) and space debris (near-Earth space).
The software used on MASTER telescopes
allows for automatic monitoring of nearEarth and outer space at all the observatories
that use MASTER (Blagoveshensk, Irkutsk,
(NDWHULQEXUJ .LVORYRGVN &ULPHD 6RXWK $IULFD
&DQDU\ ,VODQGV DQG $UJHQWLQD DQG LW GHWDLOV IXOO
information about every object on every image
1-2 minutes after they’re downloaded from the
&&' FDPHUD LQFOXGLQJ PRYLQJ REMHFWV DQG
calculated parameters of their movements. To
date, we have received over a million images
with an angular size of four square degrees. For
comparison, when viewed from the surface of
the Earth, the full Moon covers only about 0.2
square degrees of the sky.
+RZHYHU WKH ĂHOG RI V\QRSWLF VHDUFKLQJ
is constantly developing. The USA and some
European countries have already moved or are

PRYLQJ WR ODUJHU ZLGHĂHOG V\VWHPV 3DQ67$556
86$  2*/( ,,, 3RODQG86$ H37) 86$ &576
86$  967 HWF 
The move is caused by new tasks that will
have to be performed in the near future, such
as researching the nature of the accelerated
expansion of the Universe. The appearance of nextgeneration gravitational wave interferometers has
made researching neutron star mergers and black
holes possible, whereas medium and large diameter
WHOHVFRSHV FDQ ĂQG WKH IXUWKHVW REMHFWV LQ WKH
Universe, such as the optical doubles of gammabursts at red shifts of over 10. These telescopes
are also capable of locating potentially dangerous
asteroids and comets.

MASTER III
/RQJWHUP H[SHULHQFH RI ZRUNLQJ ZLWK VHDUFK
systems shows that it is time for the next step and
that the utilisation of medium-sized telescopes
with a 1 m diameter is the most reasonable
ambition to strive for. We have therefore
developed and are ready to launch the production
of a third-generation robotic telescope MASTER
III. These telescopes can be created within two to
three years and will allow Russia to remain at the
forefront for detecting dangerous asteroids and to
be a world leader in optical transient research.
The unique MASTER II software, which after
over a decade of work on the part of a number of
highly regarded programmer-astronomers, will
EH PRGLĂHG DQG HQDEOHG WR GLVFRYHU FRVPRORJLFDO
transients up to stellar absolute magnitude
22-23, while helping to resolve the following
fundamental tasks:

Table 1. Potentially dangerous asteroids and comets discovered by the MASTER network.
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NAME

DISCOVERY
DATE

MAG.

SIZE

OBSERVATORY

INDEX AT THE
INTERNATIONAL SMALL
PLANET RESEARCH CENTER

2015 UM67

2015 Oct 28

16.9

940

MASTER-SAAO

MPEC 2015-V01

2011 QG21 (rd)

2015 Aug 17

17.2

300

MASTER-IAC

MPEC 2015-Q28

2014 UR116

2014 Oct 27

16.8

750

MASTER-Kislovodsk

MPEC 2014-U121

1998 SU4 (rd)

2014 Sep 26

17.7

350

MASTER-Tunka

MPEC 2014-S14

2014 EL45

2014 Mar 09

16.4

750

MASTER-Kislovodsk

MPEC 2014-E80

2013 SW24

2013 Oct 27

16.3

190

MASTER-Tunka

MPEC 2013-S74

2013 UG1

2013 Oct 22

15.6

240

MASTER-Tunka

MPEC 2013-U31

COMET C/2015 K1
(MASTER)

2015 May 17

16.3

?

MASTER-SAAO

IAUC #4105

COMET C/2015
G2 (MASTER)

2015 Mar 30

11.6

?????

MASTER-SAAO

MPEC K15G28
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Researching the laws of accelerated
expansion of the Universe with the use of
type 1a supernovae. The discovery of these
objects in the red shift range of 0.1 < z <
0.8, where the decelerated and accelerated
expansion of the Universe occurs, will allow
Russia to participate in the leading research
of vacuum space energy.
'LVFRYHU\ RI IXUWKHU REMHFWV RI WKH
Universe at distances of z >10 by using
fast-alert observations of gammabursts and observing the precursors
of supernovae and the appearance of
kilonovae – a phenomena that occurs when
two neutron stars merge. Identified by a
short gamma ray burst lasting just onetenth of a second, and shining 1000 times
brighter than a nova, the true nature of a
kilonova was only revealed a few years ago.
Registering new optical flashes related to
kilonovae is therefore of particular interest
in this growing branch of astronomy.
'HWHFWLQJ DQG REVHUYLQJ WKHVH H[SORVLYH
events produced by relativistic stars
(including supermassive black holes) and
white dwarfs, will thus allow Russian
scientists to increase knowledge in this
fascinating area. In addition, MASTER III
telescopes will help discover potentially
dangerous asteroids about the size of the
&KHO\DELQVN PHWHRULWH EHWZHHQ ĂYH DQG
seven days before they get to Earth.

Location, location
Given the success of the MASTER II system
telescopes, MASTER III telescopes will be installed
in the same locations. This is advantageous for
many reasons, paricularly as the universities that
are already equipped with the telescopes have
VFLHQWLĂF DQG WHFKQLFDO VWDII DW KDQG WR VHUYLFH
and work with robotic telescopes and to date, the
current locations seem optimal in regards to the
astro-climate.
One of the elements of the future network is the
IXOO\ URERWLF ZLGHĂHOG 0$67(5 ,,, FRPSOH[ ZKLFK
provides an autonomous imaging mode and image
SURFHVVLQJ IRU ĂQGLQJ QHZ REMHFWV ERWK PRYLQJ
and not). An automated ‘alert’ work mode is also
possible for externally set targets, including those
from space observatories.
The MASTER projects are unique in Russia as
there are no other fully robotic optical systems that
could carry out fundamental and applied research
simultaneously. The projects are also unique in the
world because of Russia’s physical location on the

globe, as well as the unique mathematical software
on which the project is based.
Observation experience and the discovery of
potentially dangerous asteroids on MASTER II
telescopes shows that the Russian network of
MASTER III robotic telescopes will cover about 20
per cent of the world’s longitudinal and temporal
ĂHOG RI VN\ PRQLWRULQJ
In addition, the network has incredible potential
for development and cooperation with foreignrun observatories where MASTER II is located,
IRU H[DPSOH WKH &DQDU\ $VWURSK\VLFDO ,QVWLWXWH
2EVHUYDWRU\ 7HQHULIH 6SDLQ  WKH  P 6$/7
telescope observatory (Sutherland, South Africa)
and the Felix Aguilar Observatory (Argentina) to
name but a few.
With a projected timeline of around two and
KDOI \HDUV IRU ĂQDQFLQJ DQG SURGXFW ODXQFK LW
LV DQWLFLSDWHG WKH ĂUVW GLVFRYHULHV PDGH ZLWK
MASTER III will follow shortly afterwards and
that within 10 years, objects in the farthest
universe will be discovered. It is expected that
the project will last for two decades, so who
knows what else MASTER III might uncover?

Global MASTER
network. Identical robotic
MASTER II telescopes are
located in the Northern
and Southern
hemispheres, Eastern and
Western longitudes. As of
2016, the network provides
the quickest view of the
sky up to magnitude 20.

MASTER III - third
generation anti-asteroid
cosmological robotic 1 m
diameter telescope with
fully automated computer
system and connectivity
with space and emergency
systems. Early warning
time for asteroids like
the Chelyabinsk one is
about a week.
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NanoSail-D2 was a small satellite
which was used by NASA to study
the deployment of a solar sail in
space. It was a three-unit CubeSat
measuring 30 x 10 x 10 cm. The
NanoSail-D2 was built by the NASA
Ames Research Center and the
solar sail was provided by the NASA
Marshall Space Flight Center. The
mission flew successfully in 2010.

New oceans beckon for
solar sail technology
Les Johnson
George C. Marshall
Space Flight Center
in Huntsville,
Alabama, USA

It is a common
misperception
that solar
sails use the
solar wind for
propulsion
- this is
incorrect
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Solar sailing is finally becoming a reality. After many false starts, launch
vehicle failures and funding cuts, NASA, The Planetary Society, ESA and JAXA
have all flown solar sails in space and are planning ambitious new missions
for the future. The promise of propellant-less propulsion offered by solar
energy is becoming a reality.
s their name implies, solar sails ‘sail’ by
UHăHFWLQJ VXQOLJKW IURP D ODUJH
OLJKWZHLJKW UHăHFWLYH PDWHULDO WKDW
UHVHPEOHV WKH VDLOV RI WK DQG WK
FHQWXU\ VKLSV DQG PRGHUQ VORRSV ,QVWHDG RI ZLQG
WKH VDLO DQG WKH VKLS GHULYH WKHLUWKUXVWE\
UHăHFWLQJ VRODU SKRWRQV
,W LV D FRPPRQ PLVSHUFHSWLRQ WKDW VRODU VDLOV XVH
WKH VRODU ZLQG IRU SURSXOVLRQ 7KLV LV LQFRUUHFW
7KH VRODU ZLQG LV FRPSRVHG RI DWRPV W\SLFDOO\
K\GURJHQ DQG KHOLXP DQG WKHLU LQWHUDFWLRQ ZLWK
WKH VRODU VDLO SURGXFHV QR VLJQLĂFDQW WKUXVW
3KRWRQVKDYHQRUHVWPDVVEXWWKDQNVWRTXDQWXP

A

PHFKDQLFV WKH\ GR KDYH PRPHQWXP $QG OLNH DQ\
SDUWLFOH ZLWK PRPHQWXP WKH\ FDQ LPSDUW VRPH RI
LW WR DQ REMHFW WKDW HLWKHU DEVRUEV RU UHăHFWV WKHP
5HăHFWLQJ SKRWRQV LV SUHIHUDEOH EHFDXVH LW LPSDUWV
DSSUR[LPDWHO\ WZLFH WKH PRPHQWXP DV DEVRUSWLRQ
7KH SK\VLFV RI VRODU VDLO SURSXOVLRQ LV UHODWLYHO\
HDV\ WR XQGHUVWDQG 1HZWRQÛV 6HFRQG /DZ RI
0RWLRQ VD\V WKDW )RUFH LV HTXDO WR PDVV WLPHV
DFFHOHUDWLRQ 7KH IRUFH ) RI VXQOLJKW DW D JLYHQ
GLVWDQFH IURP WKH 6XQ FDQ WKHUHIRUH FDXVH
D VSDFHFUDIW RI PDVV 0 WR DFFHOHUDWH ZLWK
DFFHOHUDWLRQ $ ) 0[$ DQ HTXDWLRQ IDPLOLDU WR
LQWURGXFWRU\SK\VLFVVWXGHQWVHYHU\ZKHUH

:KLOH WKH IRUFH H[HUWHG E\ VXQOLJKW LV H[WUHPHO\
VPDOO LWÛV UHODWLYHO\ FRQVWDQW UHVXOWLQJ LQ D VORZ
EXW FRQVWDQW DFFHOHUDWLRQ WKDW SXVKHV WKH VDLO DQG
WKH VSDFHFUDIW DWWDFKHG WR LW WR KLJKHU DQG KLJKHU
VSHHGV $QG LW FDQ GR VR ZLWKRXW WKH XVH RI DQ\ IXHO
7KLV ODVW SRLQW LV KXJHO\ VLJQLĂFDQW *LYHQ
WKDW ODXQFKLQJ DQ\WKLQJ LQWR VSDFH FRVWV RQ WKH
RUGHU 86   SHU SRXQG QRW KDYLQJ WR
FDUU\ IXHO FDQ UHVXOW LQ VLJQLĂFDQW FRVW VDYLQJV
1RW UHTXLULQJ IXHO DOVR PHDQV WKH VSDFHFUDIW ZLOO
QRW ÚUXQ RXW RI JDVÛ DQG FDQ LQ WKHRU\ FRQWLQXH
RSHUDWLQJ DV ORQJ DV WKH 6XQ LV ÚVKLQLQJÛ
6RODU VDLOV KDYH WKHLU OLPLWDWLRQV RI FRXUVH
DQG WKH\ DUH QRW WKH EHVW VROXWLRQ IRU DOO VSDFH
PLVVLRQV )RU RQH WKH\ RQO\ ZRUN ZHOO QHDU
WKH 6XQ :LWKRXW VXQOLJKW WKH\ KDYH QR ZD\ WR
SURGXFH WKUXVW $QG WKDWÛV QRW DOO 7KH DPRXQW RI
VXQOLJKW KHQFH WKH WKUXVW YDULHVDVWKHLQYHUVH
VTXDUH RI WKH GLVWDQFH
,Q RWKHU ZRUGV PRYLQJ WKH VDLO IURP RQH
$VWURQRPLFDO 8QLW $8 >WKH (DUWKWR6XQ
GLVWDQFH@ WR WZR $8ÛV GRHVQÛW FXW WKH WKUXVW LQ KDOI
LW UHGXFHV LW WR D TXDUWHU RI WKH RULJLQDO DPRXQW
RQH RYHU WZR VTXDUHG  *RLQJ WR  $8ÛV GHFUHDVHV
WKH DPRXQW RI SURSXOVLYHO\ XVHIXO VXQOLJKW WR
RQH QLQWK RI WKH RULJLQDO 7KLV FDQ DOVR ZRUN LQ
RXU IDYRXU LI IRU H[DPSOH D VDLO LV GHSOR\HG QHDU
0HUFXU\ ZKLFK LV DW  $8 DQG ZLOO JLYH\RX
WLPHV WKH WKUXVW DYDLODEOH DW (DUWK
/LNH D VDLOERDW D VSDFH VDLOFUDIW FDQ XVH LWV VDLO
WR VWHHU ,I \RX WLS RU WLOW WKH VDLO \RX FDQ FKDQJH
WKH DQJOH E\ ZKLFK WKH VXQOLJKW UHăHFWV IURP LW
DOVR FKDQJLQJ WKH GLUHFWLRQ RI WKH QHW IRUFH DFWLQJ
RQ WKH VDLO 7LS LW RQH ZD\ VR WKH QHW IRUFH LV DFWLQJ
LQ WKH GLUHFWLRQ \RX DUH DOUHDG\ PRYLQJ DQG \RX
ZLOO DFFHOHUDWH 7LS LW WKH RWKHU ZD\ DQG GHFHOHUDWH
,I \RX DFFHOHUDWH \RX ZLOO VORZO\ VSLUDO DZD\ IURP
WKH 6XQ GHFHOHUDWH DQG \RX ZLOO PRYH WRZDUG LW
7KLV WDNLQJ LQWR DFFRXQW WKH ZD\ WKH WKUXVW
FKDQJHV DV D IXQFWLRQ RI GLVWDQFH >WKH LQYHUVH
VTXDUH ODZ H[SODLQHG DERYH@ PHDQV LW LV DFWXDOO\
HDVLHU IRU D VDLOFUDIW WR XVH LWV VDLO WRă\WRZDUGWKH
6XQ WKDQ LW LV WR ă\ DZD\ IURP LW
,I \RX WLOW WKH VDLO VR WKDW WKH QHW IRUFH LV DFWLQJ
SHUSHQGLFXODU WR WKH SODQH LQ ZKLFK \RX DUH
PRYLQJ WKHQ \RXU RUELWDO LQFOLQDWLRQ UHODWLYH WR WKH
6XQ ZLOO FKDQJH 7KLV FDSDELOLW\ LV VLJQLĂFDQW GXH
WR WKH HTXLYDOHQW SURSXOVLRQ V\VWHP WKDW ZRXOG
EH UHTXLUHG WR DFKLHYH DQ LQFOLQDWLRQ FKDQJH
SURSXOVLYHO\  LW ZRXOG UHTXLUH VRPXFKIXHODVWR
EH LPSUDFWLFDO RU LPSRVVLEOH
6R WKH FUHDWLYH SHRSOH EHKLQG PDQ\
LQWHUSODQHWDU\ PLVVLRQV XVH SODQHWDU\ JUDYLW\
DVVLVWV ă\LQJ E\ ODUJH SODQHWV WR VWHDO VRPH RI
WKHLURUELWDOHQHUJ\WRFKDQJHDVSDFHFUDIWÛV

JAXA

Astronautics

RUELWDO LQFOLQDWLRQ DURXQG WKH 6XQ 7KLV FDQ DGG
\HDUV WR WKH GXUDWLRQ RI D VSDFH PLVVLRQ DV ZHOO DV
LQFUHDVLQJ LWV FRVW DQG FRPSOH[LW\ $ VRODU VDLO FDQ
JHW WKH VDPH UHVXOW E\ ă\LQJ FORVHU WR WKH 6XQDQG
WLOWLQJ LWV VDLO WR OHDYH WKH HFOLSWLFSODQH

Figure 1 - The Japanese
Space Agency’s IKAROS
solar sail in flight.

Solar sail limitations
%HIRUH GHVFULELQJ VRPH RI WKH H[FLWLQJ QHZ VRODU
VDLO PLVVLRQV WKDW ZLOO VRRQ EH ă\LQJ ZH QHHG WR
GLVFXVV WKHLU OLPLWDWLRQV 2WKHU WKDQ QHHGLQJ WR
EH LQ WKH SUR[LPLW\ RI WKH 6XQ LQ RUGHU WR SURGXFH
XVHIXO WKUXVW VDLOV DUH OLPLWHG LQ WKHLU DSSOLFDELOLW\
E\ WKH H[WUHPHO\ ORZ WKUXVW WKH\ SURGXFH )RU
H[DPSOH D VDLO ZLWK WKH DUHD RI WZR $PHULFDQ
IRRWEDOO ĂHOGV ZRXOG SURGXFH WKH WKUXVW HTXLYDOHQW
RI WKH ZHLJKW RI WZR FRLQV KHOG LQ WKH SDOP RI \RXU
KDQG 6DLOV DUH IRU QRZ DQ\ZD\ OLPLWHG LQ WKHLU XVH
WR YHU\ VPDOO URERWLF VSDFHFUDIW ă\LQJ QHDU WKH 6XQ
6DLOV KDYH ăRZQ VXFFHVVIXOO\ LQ VSDFH ,Q 
1$6$ ODXQFKHG LWV ĂUVW (DUWK RUELWDO VRODU VDLO WKH
1DQR6DLO' D  VTXDUH PHWUH VDLO WKDW GHSOR\HG
IURP D 8 &XEH6DW LQ ORZ (DUWK RUELW >$ &XEH6DW
LV D VPDOO VSDFHFUDIW EXLOW IURP PRGXODU  FP [
 FP [  FP FXEHV HDFK FXEH EHLQJ 8 $ 8
&XEH6DW LV EXLOW IURP WKUHH 8 PRGXOHV@
1DQR6DLO' ZDV D VLPSOH GHSOR\PHQW
GHPRQVWUDWLRQ DQG VHUYHG DV D SURRI RI FRQFHSW
IRUVDLOPLVVLRQVWRIROORZ7KDWVDPH\HDU

Before committing a crew to visit a NEA or Mars
moon, carrying out precursor robotic missions is
important to assess candidate objects
ROOM 39
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NEA Scout
will fly on the
first flight of
NASA’s new
rocket, the
Space Launch
System (SLS),
in mid-2018

WKH -DSDQHVH 6SDFH $JHQF\ -$;$ ăHZ DQ
DSSUR[LPDWHO\  VTXDUH PHWUH VRODU VDLO LQ GHHS
VSDFH WKDW VXFFHVVIXOO\ GHPRQVWUDWHG GHHS VSDFH
SURSXOVLRQ DQG QDYLJDWLRQ DV LW ăHZ LQ WKH LQQHU
VRODU V\VWHP QHDU 9HQXV )LJXUH   7KH -DSDQHVH
PLVVLRQ ZDV FDOOHG ,.$526 ,QWHUSODQHWDU\ .LWH
FUDIW $FFHOHUDWHG E\ 5DGLDWLRQ 2I WKH 6XQ 
,Q  WKH SULYDWH VSDFH DGYRFDF\ JURXS
7KH 3ODQHWDU\ 6RFLHW\ ăHZ LQ (DUWK RUELW WKHLU
RZQ GHPRQVWUDWRU /LJKW6DLO$ 7KLV ZDV D 8
&XEH6DW PLVVLRQ WKDW GHSOR\HG D  VTXDUH PHWUH
VDLO VLPLODU WR WKH 1DQR6DLO' RQO\ ODUJHU 7KH
3ODQHWDU\ 6RFLHW\ SODQV WR ă\ /LJKW6DLO VRPHWLPH
LQ  WR GHPRQVWUDWH GHSOR\PHQWDQGFRQWURORI
D VDLOFUDIW LQ (DUWKRUELW

NEA Scout

NASA

Figure 2 - Artist concept
drawing of the NASA Near
Earth Asteroid Scout.

1$6$ LV GHYHORSLQJ LWV RZQ GHHS VSDFH VRODU VDLO
PLVVLRQ FDOOHG WKH 1HDU (DUWK $VWHURLG 6FRXW 1$6$
SODQV WR VHQG KXPDQV WR D 1HDU (DUWK $VWHURLG
1($ LQ WKH HDUO\ SDUW RI WKH QH[W GHFDGH DV SDUW
RI D ORQJUDQJH SODQ WR VHQG KXPDQV WR 0DUV RUELW
EHIRUHDWWHPSWLQJDKXPDQPLVVLRQWRWKHVXUIDFH

%HIRUH FRPPLWWLQJ D FUHZ WR YLVLW D 1($ RU
0DUV PRRQ FDUU\LQJ RXW SUHFXUVRU URERWLF
PLVVLRQV LV LPSRUWDQW WR DVVHVV FDQGLGDWH
REMHFWV DGHTXDWHO\ HQRXJK WKDW FUHZ V\VWHPV
DSSURSULDWH IRU WDUJHW HQYLURQPHQWV FDQ EH
GHYHORSHG 7KH 1($ 6FRXW VFKHGXOHG WR ODXQFK
LQ  ZLOO XVH LWV VRODU VDLO SURSXOVLRQ V\VWHP WR
VHQG WKH VSDFHFUDIW WR ă\E\ DVWHURLG 9*DQG
FRQGXFW UHFRQQDLVVDQFH RI LW )LJXUH  
1($ 6FRXW ZLOO ă\ RQ WKH ĂUVW ăLJKW RI 1$6$ÛV
QHZ URFNHW WKH 6SDFH /DXQFK 6\VWHP 6/6  LQ
PLG DQG GHSOR\ IURP LW DIWHU WKH 2ULRQ FUHZ
FDSVXOH LV VHSDUDWHG IURPWKHXSSHUVWDJHDQGRQ
LWV ZD\ WR WKH 0RRQ
$IWHU 1($ 6FRXWÛV ĂUVW OXQDU HQFRXQWHU WKH 
VTXDUH PHWUH VRODU VDLO ZLOO GHSOR\ DQG WKH VDLO
FKDUDFWHULVDWLRQ SKDVH ZLOO EHJLQ 2QFH WKH V\VWHP
LV FKHFNHG RXW WKH VSDFHFUDIW ZLOO SHUIRUP D VHULHV
RI OXQDU ă\E\V XQWLO LW DFKLHYHV RSWLPXP GHSDUWXUH
WUDMHFWRU\ WR WKH WDUJHW DVWHURLG 7KH VSDFHFUDIW
ZLOO WKHQ EHJLQ LWV WZR \HDUORQJ FUXLVH
$ERXW RQH PRQWK EHIRUH WKH DVWHURLG ă\E\
1($6FRXWZLOOSDXVHWRVHDUFKIRUWKHWDUJHWDQG
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VWDUW LWV DSSURDFK SKDVH XVLQJ D FRPELQDWLRQ RI
UDGLR WUDFNLQJ DQG RSWLFDO QDYLJDWLRQ 7KH VRODU
VDLO ZLOO SURYLGH FRQWLQXRXV ORZ WKUXVW WR HQDEOH
D UHODWLYHO\ VORZ ă\E\  PV RI WKH WDUJHW
DVWHURLG XQGHU OLJKWLQJ FRQGLWLRQV IDYRXUDEOH WR
JHRORJLFDO LPDJLQJ 7KH UHODWLYH VL]H RI WKH 1($
6FRXW VSDFHFUDIW DQG VRODU VDLO FDQEHVHHQLQ
)LJXUH  7KH VDLO LV HQRUPRXV
7KH 8QLYHUVLW\ RI 6XUUH\ KDV DOVR GHYHORSHG
D 8 &XEH6DW VDLO FDOOHG ,QăDWH6DLO ZKLFK ZDV
VFKHGXOHG WR ă\ LQ ODWH  RU HDUO\ 
1($ 6FRXW LV D FROODERUDWLYH SURMHFW OHDG E\
WKH 1$6$ 0DUVKDOO 6SDFH )OLJKW &HQWHU 06)&
ZKHUH WKH VRODU VDLO LV EHLQJ GHYHORSHG 7KH
-HW 3URSXOVLRQ /DERUDWRU\ -3/ LV EXLOGLQJ WKH
VSDFHFUDIW 7KH VDLO WHDP LV QRZ EXLOGLQJ WKH ăLJKW
VDLO DQG DV SDUW RI LWV GHYHORSPHQW FRQGXFWHG
PXOWLSOH VDLO GHSOR\PHQWV LQ WKH 06)& JURXQG
WHVW IDFLOLW\ )LJXUH  VKRZV RQHVXFKGHSOR\PHQW
FRPSOHWHG LQ $XJXVW 
7KH 1($ 6FRXW VDLO LV PDGH IURP D  PLFURQ
WKLFN SRO\LPLGH ĂOP FRDWHG ZLWK DOXPLQLXP 7KH
VDLO LV XQIXUOHG XVLQJ IRXU  P PHWDOOLF ERRPV
WKDWDUHGHSOR\HGIURPWZRVSRROVORFDWHGLQWKH

FHQWUDO SDUW RI WKH VSDFHFUDIW EXV 7KH VDLO ZLOO EH
NHSW XQGHU WHQVLRQ WR KHOS PLQLPLVHWKHHIIHFWVRI
ZULQNOHV LQ WKH VDLO PDWHULDO

Future missions
2QFH WKH WHFKQRORJ\ LV VXIĂFLHQWO\ SURYHQ
WKHUH DUH VHYHUDO IXWXUH PLVVLRQV SRVVLEOH
 PDQ\ RI ZKLFK DUH VLPSO\ LPSRVVLEOH WR
LPSOHPHQW ZLWKRXW WKH XVH RI D VRODU VDLO )RU
H[DPSOH WKH 1DWLRQDO 2FHDQLF DQG $WPRVSKHULF
$GPLQLVWUDWLRQ 12$$ KDV H[SUHVVHG LQWHUHVW
LQ SODFLQJ D ORQJGXUDWLRQ VRODU VWRUP ZDUQLQJ
VSDFHFUDIW FORVHU WR WKH 6XQ \HW DOZD\V EHWZHHQ
WKH (DUWK DQG 6XQ VR DV WR HQDEOH UDSLG ZDUQLQJ
RI DQ LPSHQGLQJ VRODU VWRUP  SRWHQWLDOO\
SUHVHUYLQJ VRPH VSDFH VDWHOOLWHV DQG JURXQG
LQIUDVWUXFWXUH E\ DOORZLQJ WKHP WR WDNH DFWLRQ DV
WKH VRODU VWRUP DSSURDFKHV (DUWK 7KH PLVVLRQ
QRWLRQDOO\ FDOOHG Ú+HOLRVWRUPÛ LV HQDEOHG E\ D
VRODU VDLO 7KH FRQWLQXRXV WKUXVW RQ WKH VDLO DOORZV
LW WR ă\ FORVHU WR WKH 6XQ QHDU WKH (DUWK6XQ
/DJUDQJH UHJLRQ WKDQ LV RWKHUZLVH SRVVLEOH
7DNLQJ DGYDQWDJH RI WKH LQFOLQDWLRQFKDQJLQJ
FDSDELOLW\RIVRODUVDLOVVRODUVFLHQWLVWVKDYH

A larger solar
sail, deployed
very close
to the Sun,
could send a
spacecraft on
a very rapid
exit from the
Solar System

Figure 3 - The NEA
Scout solar sail is the
length of a school bus and
will be folded to fit into a
box 10 cm x 10 cm x 20 cm
on a side.
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7KH UHFHQWO\ DQQRXQFHG %UHDNWKURXJK 6WDUVKRW
SURSRVHV WR XVH D UHODWLYHO\ VPDOO VDLO RQ WKH RUGHU
RI D IHZ VTXDUH PHWUHV LQ DUHD LOOXPLQDWHG E\ D
KLJK SRZHU ODVHU DURXQG  *: WR DFFHOHUDWH
D  JUDPVFDOH VSDFHFUDIW WR D VLJQLĂFDQW
SHUFHQWDJH RI WKH VSHHG RI OLJKW DV D PHDQV RI
VHQGLQJ PXOWLSOH URERWLF SUREHV WR QHDUE\ VWDUV
LQ GHFDGHV QRW PLOOHQQLD :KLOH MXVW DERXW HYHU\
DVSHFW RI WKH %UHDNWKURXJK 6WDUVKRW LV EH\RQG
WRGD\ÛV HQJLQHHULQJ FDSDELOLWLHVLWLVQRQHWKHOHVV
SK\VLFDOO\ SRVVLEOH
6RODU VDLOV DUH D WHFKQRORJ\ ZKRVH WLPH KDV
FRPH 1$6$ SULYDWH VSDFH JURXSV DQG RWKHU
JRYHUQPHQWV DUH GHYHORSLQJ WKH WHFKQRORJ\ IRU
WKHLU QH[W JHQHUDWLRQ RI VFLHQWLĂF VSDFHFUDIW DQG
WKHRULVWV DUH OD\LQJ WKH JURXQGZRUNIRUXVLQJ
WKHP WR WDNH XV WR WKHVWDUV
About the author
/HV -RKQVRQ LV WKH 6RODU 6DLO 3ULQFLSDO ,QYHVWLJDWRU RI WKH 1$6$
1HDU (DUWK $VWHURLG 1($ 6FRXW VRODU VDLO PLVVLRQ +H VHUYHV DV WKH
7HFKQLFDO $VVLVWDQW WR WKH 1$6$ $GYDQFHG &RQFHSWV 2IĂFH DW WKH
*HRUJH & 0DUVKDOO 6SDFH )OLJKW &HQWHU LQ +XQWVYLOOH $ODEDPD +H FR
DXWKRUHG D ERRN RQ VRODU VDLOLQJ FDOOHG Solar Sails: A Novel Approach to
Interplanetary Travel +LV ODWHVWQRYHO On to the AsteroidZDVUHOHDVHG
E\%DHQERRNVLQ$XJXVW

NASA

Figure 4 - Members of
the solar sail team inspect
the fully-deployed NEA
Scout solar sail
(prototype) after a test at
NASA’s Marshall Space
Flight Center. A half-scale
solar sail is shown
hanging in the
background.

SURSRVHG PLVVLRQV WR HQFLUFOH WKH 6XQ ZLWK
PXOWLSOH VRODUVDLO SURSHOOHG VSDFHFUDIW HDFK
ă\LQJ DW D GLIIHUHQW LQFOLQDWLRQ WR PRUH FORVHO\
VWXG\ WKH 6XQ WKDQLVSRVVLEOHIURPRXU(DUWKO\
YDQWDJH SRLQW
$ ODUJHU VRODU VDLO GHSOR\HG YHU\ FORVH WR WKH
6XQ FRXOG VHQG D VSDFHFUDIW RQ D YHU\ UDSLG H[LW
IURP WKH 6RODU 6\VWHP WUDYHOOLQJ WKUHH WR ĂYH WLPHV
IDVWHU WKDQ WKH 9R\DJHU VSDFHFUDIW DOORZLQJ UDSLG
VFLHQWLĂF VWXG\ RI QHDUE\ LQWHUVWHOODU VSDFH 7KH
PLVVLRQ FDOOHG ,QWHUVWHOODU 3UREH KDV EHHQ VWXGLHG
IRU \HDUV DQG LV RI KLJK LQWHUHVW WR VSDFH VFLHQFH
7KH 9R\DJHU  VSDFHFUDIW ODXQFKHG LQ  LV QRZ
DERXW  $8 IURP (DUWK WDNLQJ QHDUO\  \HDUV
WR JHW WR WKLV SRLQW 7KH LQWHUVWHOODU 3UREH ZRXOG
UHDFK WKLV VDPH GLVWDQFH LQ XQGHU  \HDUV
)LQDOO\ LQ WKH YHU\ IDU WHUP H[WUHPHO\ ODUJH
DQG OLJKWZHLJKW VRODU VDLOV SHUKDSV WKH VL]H RI
7H[DV FRXOG EH GHSOR\HG YHU\ FORVH WR WKH 6XQ DQG
UHFHLYH HQRXJK VRODULQGXFHG WKUXVW WR UHDFK WKH
QHDUHVW VWDU LQ XQGHU  \HDUV :KLOH WKLV LV VWLOO
D YHU\ ORQJ WUDYHO WLPH LW LV IDU VKRUWHU WKDQ ZKDW
FDQ EH SURYLGHG ZLWK D FRQYHQWLRQDOFKHPLFDO
URFNHW\HDUV
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Mini space station for mice to
study effects of reproduction
in reduced gravity

NASA

NASA astronaut Barry
Wilmore setting up the
Rodent Research-1
hardware in the
Microgravity Science
Glovebox aboard the
International Space Station.

There are many outstanding questions as to whether humans could survive
as a species over multiple generations in another planetary environment.
When it comes to Mars, perhaps the reduced gravity of the red planet
could change human physiology or behaviour so as to prevent successful
reproduction and development. If this is true, it might drastically reshape
space exploration investments towards large, in-space, artificial gravity
settlements which can replicate Earth gravity. While these considerations
may seem far removed from near-term efforts to set foot on Mars, the
historically long periods of use for space hardware suggest that potential
alternate approaches should be studied early to prevent costly redirects
should partial gravity prove untenable for settlement.
hort of landing on a planetary surface,
DUWLĂFLDO JUDYLW\ RIIHUV WKH PRVW SUDFWLFDO
SODWIRUP WR LQYHVWLJDWH ORQJGXUDWLRQ
SDUWLDO JUDYLW\ HIIHFWV RQ KXPDQ
SK\VLRORJ\ +RZHYHU WKHUH LV QR FXUUHQW RU SODQQHG
SDUWLDOJUDYLW\WHVWLQJSODWIRUPDWWKHKXPDQVFDOH

S

An alternate approach using rodents as surrogates
WR VWXG\ WKH HIIHFWV RI IXWXUH H[SORUDWLRQ PLVVLRQV
PD\ EH PRUH IHDVLEOH IURP D PDVV DQG YROXPH
SHUVSHFWLYH $ VPDOOHU URGHQWVFDOH DUWLĂFLDO JUDYLW\
IDFLOLW\ FRXOG VHUYH WR UHGXFH ULVN IRU KXPDQVFDOH
DUWLĂFLDOJUDYLW\IDFLOLWLHVDQGYHKLFOHV

Dr Erica Rodgers,
NASA Langley
Research Center, USA

Dr Matthew Simon,
NASA Langley
Research Center, USA
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5RGHQW EDVHG PDPPDOLDQ GHYHORSPHQW VWXGLHV
FRQGXFWHG LQ PLFURJUDYLW\ KDYH EHHQ RQJRLQJ
IRU DURXQG  \HDUV 6HYHUDO UHVHDUFK HIIRUWV
used rodent analogues to study the effects of
PLFURJUDYLW\ RQ URGHQW UHSURGXFWLRQ GXULQJ VKRUW
GXUDWLRQ DURXQG WZR ZHHNV ăLJKW H[SHULPHQWV
DERDUG IUHH ă\LQJ VDWHOOLWHV WKH 6SDFH 6KXWWOH
DQG WKH ,QWHUQDWLRQDO 6SDFH 6WDWLRQ ,66  /RQJHU
GXUDWLRQ PRQWKV DQG \HDUV URGHQW DQDORJXH
UHSURGXFWLRQ H[SHULPHQWV DERDUG WKH ,66 DUH
currently ongoing, as well as planned for the future.
5HVHDUFK KDV DOVR EHHQ FRQGXFWHG RQ WKH JURXQG LQ
VLPXODWHG PLFURJUDYLW\ ODERUDWRU\ VHWWLQJV ZKHUH
URWDWLRQDO GHYLFHV OHVVHQ WKH HIIHFWV RI JUDYLW\ RQ
HPEU\RV RU WKH KLQG OLPEV RI URGHQWV DUHHOHYDWHG
WR PLPLF PLFURJUDYLW\ FRQGLWLRQV

Microgravity reporduction
5HVXOWV IURP WKHVH ăLJKW DQG JURXQG H[SHULPHQWV
LGHQWLĂHG SRWHQWLDO PLFURJUDYLW\ UHSURGXFWLRQ
FKDOOHQJHV VXFK DV PDWHUQDORIIVSULQJ V\VWHP
VHQVLWLYLWLHV WR FKDQJHV LQ JUDYLW\ PRUWDOLW\ DQG
IHHGLQJ GLIĂFXOWLHV GXH WR KDELWDW GHVLJQ UHGXFHG
ELUWK UDWH DQG GHFUHDVHG RHVWURJHQ UHFHSWRU OHYHOV
These potential challenges require further studies
WR XQGHUVWDQG WKH UHODWLRQVKLS EHWZHHQ WLPH VSHQW
LQ PLFURJUDYLW\ DQG WKH H[WHQW RI WKHVH SRWHQWLDO
HIIHFWV RQ PDPPDOLDQ UHSURGXFWLRQ 7KHVH
PLFURJUDYLW\ H[SHULPHQWV IRFXVHG RQ LGHQWLI\LQJ
FKDOOHQJHV DVVRFLDWHG ZLWK VSHFLĂF SRUWLRQV RI WKH
PDPPDOLDQ OLIHF\FOH EUHHGLQJ ELUWKLQJ QXUVLQJ
ZHDQLQJ DQG RIIVSULQJ GHYHORSPHQW DQG GLG QRW
HYDOXDWH WKH FRPSUHKHQVLYH HIIHFWVRIPLFURJUDYLW\
on the life cycle as a whole.
Therefore, it is not well understood how these
SRWHQWLDO PLFURJUDYLW\ HIIHFWV SHUPHDWH WKURXJK
DQ HQWLUH PDPPDOLDQ OLIH F\FOH RU FKDQJH RYHU
WLPH WKURXJK PXOWLSOH JHQHUDWLRQV )RU WKLV UHDVRQ
WKH 5RGHQW 5HVHDUFK H[SHULPHQW UHFHQWO\ ăRZQ
DERDUG WKH ,66 ZDV WKH ĂUVW H[SHULPHQW LQ D
VHULHV RI H[SHULPHQWV GHVLJQHG WR VWXG\ WKHIXOO
PDPPDOLDQ OLIH F\FOH LQ PLFURJUDYLW\
,W LV XQNQRZQ KRZ LGHQWLĂHG SRWHQWLDO
PLFURJUDYLW\ FKDOOHQJHV FDUU\ RYHU WR SDUWLDO
JUDYLW\ 0DUVOLNH JUDYLW\ WKUHHHLJKWKV (DUWK
JUDYLW\ PD\ PLWLJDWH VRPH RI WKHVH HIIHFWV
EXW PD\ QRW EH HQRXJK WR HQDEOH VXFFHVVIXO
UHSURGXFWLRQDQGGHYHORSPHQW

Astronaut Nicole Stott,
Expedition 20/21 flight
engineer, working with the
Mice Drawer System (MDS)
in the Kibo laboratory of
the International Space
Station.

Perhaps the reduced gravity of Mars could
change human physiology or behaviour so
as to prevent successful reproduction and
development
44 ROOM

5HVHDUFK FRQGXFWHG RQ WKH UHSURGXFWLYH
FKDOOHQJHV PDPPDOV PD\ HQFRXQWHU LQ SDUWLDO
JUDYLW\ LV WKH QH[W VWHS WRZDUG D FRPSUHKHQVLYH
XQGHUVWDQGLQJ RI WKH PDPPDOLDQ OLIHF\FOHLQ
PXOWLSOH JUDYLW\ HQYLURQPHQWV
$ SDUWLDO JUDYLW\ PDPPDOLDQ UHSURGXFWLRQ
H[SHULPHQW XVLQJ URGHQWV DV KXPDQ DQDORJXHV
UHTXLUHV WZR WKLQJV  D ORQJ HQRXJK GXUDWLRQ
LQ ZKLFK WR VWXG\ WKH IXOO OLIH F\FOH DQG  D
SDUWLDO JUDYLW\ HQYLURQPHQW LQ ZKLFK WR FRQGXFW
WKH H[SHULPHQW 7KLV W\SH RI SODWIRUP ZRXOG
DOVR EH EHQHĂFLDO IRU WHVWLQJ V\QHUJLVWLF KXPDQ
H[SORUDWLRQ V\VWHPV UHTXLULQJ LQFUHDVHG
DXWRQRP\ VXFK DV PHGLFDO FDUH DQG YHKLFOHKHDOWK
PDQDJHPHQW WR DFKLHYH 0DUV PLVVLRQV
$ VWXG\ ZDV FRQGXFWHG DW 1$6$ /DQJOH\
5HVHDUFK &HQWHU WR GHVLJQ D FRQFHSWXDO ORQJ
GXUDWLRQDXWRQRPRXVKDELWDWWRKRXVHPLFH

Astronautics

MICEHAB elements
7KHUH DUH IRXU HOHPHQWV ZKLFK PDNH XS
WKH 0,&(+$% YHKLFOH D KDELWDW KRXVLQJ WKH
URGHQWV D VHUYLFH PRGXOH SURYLGLQJ SRZHU DQG
SURSXOVLYH FRQWURO RI WKH YHKLFOH DQ H[WHQGDEOH
ERRPWHWKHU FRQQHFWLQJ WKH VHUYLFH PRGXOH
DQG KDELWDW WKDW HQDEOHV DUWLĂFLDO JUDYLW\ DQG D
IUHHă\LQJ FRPPXQLFDWLRQV DVVHW WKDW SURYLGHV
DFFXUDWH FRPPXQLFDWLRQVWUDQVPLVVLRQ
UHFHSWLRQ IURP (DUWK
7KH YHKLFOH ZRXOG QRPLQDOO\ ODXQFK DV D FR
PDQLIHVWHG SD\ORDG RQ WKH 1$6$ 6SDFH /DXQFK
6\VWHP 6/6 WR D OXQDU GLVWDQW UHWURJUDGH RUELW D
VWDEOH OXQDU RUELW ZKHUH WKH VHUYLFH PRGXOH ZRXOG
SODFH WKH VSDFHFUDIW LQWR WKH GHVLUHG RUELW
2QFH LQ RUELW D IUHHă\LQJ FRPPXQLFDWLRQV
UHOD\ ZRXOG VHSDUDWH IURP 0,&(+$% WR EH LQVHUWHG
LQ WKH VDPH RUELW WUDLOLQJ WKH 0,&(+$% YHKLFOH
7KH UHPDLQLQJ YHKLFOH ZRXOG WKHQ GHSOR\ XVLQJ D
FRLODEOH ERRP DWWDFKHG WR WKH VHUYLFH PRGXOH DW
RQH HQG DQG WKH KDELWDW DW WKH RWKHU HQG
With solar array panels placed at a node at the
FHQWUH RI PDVV WKH HQWLUH IDFLOLW\ ZRXOG VSLQ XS
XVLQJ UHDFWLRQ FRQWURO V\VWHP MHWV DWWDFKHG WR WKH
VHUYLFH PRGXOH DQG WKH KDELWDW VSDFHFUDIW 7KH
URWDWLRQ ZRXOG LQGXFH D 0DUVOLNH SDUWLDO JUDYLW\
ZLWK D VSLQ UDWH DQDORJRXV WR DFFHSWDEOH OLPLWV
IRU KXPDQV 7KH IDFLOLW\ ZRXOG VSLQ ZLWK LWV VRODU
panels continuously facing the Sun to generate the
SRZHU UHTXLUHG WR NHHS WKH KDELWDW RSHUDWLRQDO
'XULQJ RSHUDWLRQ WKH YHKLFOH ZRXOG
KRXVH D ODUJH FRORQ\ RI XS WR  PLFH LQ
LQGLYLGXDO PRXVH HQFORVXUHV GHVLJQHG IRU ERWK
PLFURJUDYLW\ DQG SDUWLDO JUDYLW\ HQYLURQPHQWV
7KH LQWHULRU FRQVLVWV RI PXOWLSOH F\OLQGULFDO
OHYHOV KRXVLQJ WKHVH HQFORVXUHV DORQJ LWV
FLUFXPIHUHQFH 7KHVH HQFORVXUHV FRXOG EH
UHPRYHG IURP WKH PDLQ F\OLQGULFDOVWUXFWXUHIRU
FOHDQLQJDQGPDLQWHQDQFH

0,&(+$% ZRXOG XVH URERWLF V\VWHPV WR SURYLGH
IRU DOO RI WKH SK\VLRORJLFDO QHHGV RI WKH PLFH
including feeding, cleaning, life support, waste
UHPRYDO DQG PHGLFDO FDUH
7XQQHO DFFHVV EHWZHHQ WKH HQFORVXUHV ZRXOG
EH FRQWUROOHG UHPRWHO\ E\ YHWHULQDULDQV RQ (DUWK
IROORZLQJ HVWDEOLVKHG EUHHGLQJ JXLGHOLQHV 0LFH
FRXOG EH VHOHFWLYHO\ EUHG WR FUHDWH JHQHUDWLRQV
ZKLFK KDYH RQO\ OLYHG LQ SDUWLDO JUDYLW\ ZKLOH
SUHYHQWLQJ RYHUEUHHGLQJ 3K\VLRORJLFDO
PHDVXUHPHQWV FRXOG WKHQ EH XVHG WR XQGHUVWDQG
WKH HIIHFWV RI SDUWLDO JUDYLW\ ZKHQ FRPSDUHGWR
(DUWK JUDYLW\ DQG PLFURJUDYLW\ FRQWUROV
$IWHU HDFK \HDU RI RSHUDWLRQ WKH YHKLFOH ZRXOG
VSLQ GRZQ DQG WKH ERRP ZRXOG UHWUDFW ERWK
WKH KDELWDW DQG WKH VHUYLFH PRGXOH EDFN WRZDUG
WKH FHQWUH RI PDVV 7KH VHPLVWRZHG YHKLFOH
ZRXOG WKHQ WUDQVIHU WR WKH SODQQHG OXQDU RUELW
KXPDQ KDELWDW DQG GRFN DOORZLQJ WKH 0,&(+$%
FHQWUDO URERW WR WUDQVIHU VDPSOHV WR D FDUHWDNHU
URERW DERDUG WKH KXPDQ KDELWDWGXULQJKXPDQ
RFFXSDWLRQ RI WKH YHKLFOH
7KH \HDUO\ UHQGH]YRXV ZLWK WKH OXQDU KDELWDW
ZRXOG FRLQFLGH ZLWK SODQQHG KXPDQ PLVVLRQV
LQ RUGHU IRU WKH 0,&(+$% VDPSOHV WR EH ORDGHG
RQWR WKH 2ULRQ FDSVXOH IRU (DUWK UHWXUQ ZLWK WKH
FUHZ 0DLQWHQDQFH RQ WKH 0,&(+$% ZRXOGDOVREH
SHUIRUPHG LI UHTXLUHG ZKLOH GRFNHG
$GGLWLRQDOO\ ORJLVWLFV IRU KDELWDW PDLQWHQDQFH
RU DQLPDO FDUH ZRXOG EH WUDQVIHUUHG IURP WKH
KXPDQKDELWDWWRWKH0,&(+$%GXULQJWKLVWLPH

Versatile and
reliable robotic
systems are
necessary
to transport
enclosures,
handle mice
delicately
and perform
medical
checkups

Individual mouse
enclosure aboard
MICEHAB designed for
delivery of water and food,
exercise, and nesting.
Supports waste removal,
ventilation, lighting, and
cameras for health and
science observations.

Giselle Payan/NASA LaRC

LQ DQ DUWLĂFLDO SDUWLDO JUDYLW\ HQYLURQPHQW
7KLV VWXG\ WKH 0XOWLJHQHUDWLRQDO ,QGHSHQGHQW
&RORQ\ IRU ([WUDWHUUHVWULDO +DELWDWLRQ
$XWRQRP\ DQG %HKDYLRU 0,&(+$%  LQYHVWLJDWHG
WKH FKDOOHQJHV DVVRFLDWHG ZLWKSDUWLDOJUDYLW\
PDPPDOLDQ UHSURGXFWLRQ
7KH JRDO RI 0,&(+$% ZDV WR GHVLJQ D
PLVVLRQ FRQFHSW DQG IDFLOLW\ WR  WHVW ELRORJLFDO
UHVSRQVHV WR SDUWLDO JUDYLW\ ZLWK DQ HPSKDVLV
RQ UHSURGXFWLRQ DQG  GHPRQVWUDWH YHKLFOH
VXEV\VWHP SHUIRUPDQFH DQG RSHUDWLRQV UHTXLUHG
IRU KXPDQ H[SORUDWLRQ 0,&(+$% LV XQLTXH
EHFDXVH LWV FRQFHSW DGGUHVVHV WKH FRPELQHG
HIIHFWV RI ORQJ GXUDWLRQ SDUWLDO JUDYLW\ DQG
DXWRQRPRXVURERWLF RSHUDWLRQVVLPXOWDQHRXVO\
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Robotic capabilities
inside of MICEHAB.
Versatile and reliable
robotic systems are
necessary to transport
enclosures, handle mice
delicately, and perform
medical checkups.

7KH0,&(+$%YHKLFOHZRXOGWKHQXQGRFNDQG
UHWXUQWRLWVRUELWORFDWLRQZKLFKWUDLOVWKHKXPDQ
KDELWDWLQDVLPLODURUELW2QFHEDFNWRLWVRULJLQDO
ORFDWLRQWKH0,&(+$%IDFLOLW\ZRXOGUHGHSOR\DQG
UHVXPHLWVURWDWLRQDQGSDUWLDOJUDYLW\RSHUDWLRQV
7KH\HDUO\WUDQVIHUWRWKHLQLWLDOOXQDUKDELWDW
ZRXOGFRQWLQXHIRU\HDUVDOORZLQJIRUIXOO
F\FOHH[SHULPHQWVHDFKEDVHGRQDGD\
PLVVLRQGXUDWLRQ7KUHHJHQHUDWLRQVRIPLFHZLOO
EHEUHGGXULQJHDFKF\FOH
7KHĂUVWJHQHUDWLRQRIPLFHHQWLUHO\EUHGLQ
SDUWLDOJUDYLW\ZLOOEHHVWDEOLVKHGDWWKHHQGRI
WKHĂUVWF\FOH$QDO\VHVRIUHODWLYHSK\VLRORJ\DQG
EHKDYLRXUFKDQJHVRYHUHDFKVXEVHTXHQWPLVVLRQ
GXUDWLRQ H[SHULPHQWF\FOH ZLOOLGHQWLI\
SRWHQWLDOORQJWHUPUHSURGXFWLRQHIIHFWVRI
PXOWLSOHJHQHUDWLRQVOLYLQJLQSDUWLDOJUDYLW\7KLV
NQRZOHGJHZLOOEHXVHGWRIRUPXODWHK\SRWKHVHV
RQKRZSRWHQWLDOSDUWLDOJUDYLW\HIIHFWVPD\
SHUPHDWHWKURXJKDQHQWLUHPDPPDOLDQOLIHF\FOH
RUFKDQJHRYHUWLPHWKURXJKPXOWLSOHJHQHUDWLRQV

PHHWVWKHPHWULFWRQOLPLW7KHUHIRUHLWLV
DVVXPHGWKDWWKHFXUUHQWDUFKLWHFWXUHLVUHDVRQDEOH
IRUWKHLQLWLDO0,&(+$%FRQFHSWXDOGHVLJQ
7KHUHZHUHVHYHUDOFKDOOHQJHVLGHQWLĂHGLQ
WKHGHVLJQRIWKH0,&(+$%PLVVLRQDQGYHKLFOH
WKDWVKRXOGEHDGGUHVVHGLQDQ\DXWRQRPRXV
ELRORJLFDOUHVHDUFKIDFLOLW\)LUVWWKH0,&(+$%
YHKLFOHUHTXLUHVKLJKGDWDUDWHPRVWO\FRQWLQXRXV
FRPPXQLFDWLRQVWRDOORZIRUYLGHRPRQLWRULQJ RI
DOOHQFORVXUHVLQERWKYLVXDODQGLQIUDUHGVSHFWUD
6HYHUDOWHFKQRORJLHVDUHDYDLODEOHIRUHQDEOLQJ
KLJKGDWDUDWHFRPPXQLFDWLRQVEXWWKHVH
W\SLFDOO\UHTXLUHXWLOL]DWLRQRIWUDQVPLVVLRQ
V\VWHPVUHTXLULQJDFFXUDWHSRLQWFRQWUROVXFK
DVODVHUEDVHGFRPPXQLFDWLRQV7KLVQHHG
IRUKLJKDFFXUDF\SRLQWLQJLVKDUGWRDFKLHYH
IURPDVSLQQLQJIDFLOLW\7KHUHIRUHDIUHH
ă\LQJFRPPXQLFDWLRQVDVVHWXWLOL]LQJRSWLFDO
FRPPXQLFDWLRQVZDVFKRVHQEHFDXVHDVHSDUDWH
QRQVSLQQLQJFRPPXQLFDWLRQVUHOD\PD[LPLVHV
WKHFRPPXQLFDWLRQFDSDELOLW\RIWKH0,&(+$%
ZKLFKLVFULWLFDOWRLWVVFLHQFHPLVVLRQ

A conceptual, artificial
partial gravity facility
where rodents are used as
surrogates to study the
effects of future human
exploration missions.
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3UHOLPLQDU\VL]LQJHVWLPDWHVRIWKHIRXUGHVFULEHG
0,&(+$%HOHPHQWVZHUHXVHGWRSHUIRUPD
IHDVLELOLW\DQDO\VLVGHPRQVWUDWLQJWKHYLDELOLW\RI
WKHFRQFHSW7KHVHVL]LQJHVWLPDWHVSURYLGHWKH
RSSRUWXQLW\WRFDOFXODWHHOHPHQWPDVVHVEDVHGRQ
WKHFXUUHQWPLVVLRQFRQFHSWGHVLJQ
7KHHOHPHQWPDVVHVWRWDOOHGPHWULFWRQVZKLOH
WKH6/6FRPDQLIHVWHGFDUJRPDVVFDSDELOLW\LV
PHWULFWRQV5HĂQHGHOHPHQWPDVVHVEDVHGRQ
DGGLWLRQDOWUDGHVWXGLHVDQGLQWHJUDWHGV\VWHPV
VHQVLWLYLW\DQDO\VLVZLOOOLNHO\OHDGWRDGHVLJQWKDW

NASA LaRC, Advanced Concepts Lab

Mission design

Clive Simpson’

5RERWLF FDUHWDNLQJ RI WKH PLFH DQG YHKLFOH DOVR
presented a technological challenge. Versatile and
UHOLDEOH URERWLF V\VWHPV DUH QHFHVVDU\ WR WUDQVSRUW
HQFORVXUHV KDQGOH PLFHGHOLFDWHO\DQGSHUIRUP
PHGLFDO FKHFNXSV
'HVLJQLQJ VXFK V\VWHPV ZLWK DSSURSULDWH
DXWRQRP\ DUFKLWHFWXUHV DUH LQWHJUDO WR WKH RYHUDOO
GHVLJQ RI WKH KDELWDW DQG HQFORVXUHV DQG VKRXOG
WKHUHIRUH EH GHVLJQHG LQ SDUDOOHO $GGLWLRQDOO\
URERWLF RSHUDWLRQV LQ ERWK PLFURJUDYLW\ DQG SDUWLDO
JUDYLW\ SODFHV DGGLWLRQDO UHTXLUHPHQWV RQ HQG
effectors and enclosure design. All lessons learned
DQG DGYDQFHV LQ URERWLF V\VWHP GHVLJQV IHHG
IRUZDUG LQWR KXPDQ H[SORUDWLRQ V\VWHP GHVLJQV
)LQDOO\ WKHUH ZHUH VHYHUDO OHVVRQV OHDUQHG IURP
WKH FKDOOHQJH RI DFKLHYLQJ DUWLĂFLDO JUDYLW\ LQ PDVV
FRQVWUDLQHG PLVVLRQ DUFKLWHFWXUHV 5RWDWLRQ UDWHV
DQG UDGLL RI URWDWLRQ PXVW EH VHW WR DYRLG QHXUR
YHVWLEXODU DQG VHQVRULPRWRU LVVXHV RIWHQ DVVRFLDWHG
ZLWK DUWLĂFLDO JUDYLW\ LH &RULROLV HIIHFW 
+RZHYHU ODUJH DUWLĂFLDO JUDYLW\ V\VWHPV DUH RIWHQ
XQWHQDEOH IRU ORQJ GXUDWLRQ PLVVLRQV ZLWK OLPLWHG
ODXQFKHV 7KHUHIRUH VWUDWHJLHV WR UHGXFH WKH PDVV
RI DUWLĂFLDO JUDYLW\ V\VWHPV ZHUH LQYHVWLJDWHG VXFK
DV XWLOL]LQJ OLJKWZHLJKW WHWKHUERRP FRQFHSWV DQG
VWUDWHJLFDOO\ SODFLQJ WKH FHQWHU RI PDVV WR UHGXFH
RYHUDOO WHWKHUERRP OHQJWK $GGLWLRQDOO\ WKH
challenge of controlling a spinning spacecraft with
FRPSOH[ G\QDPLFV OHG WKH VWXG\ WR FRQVLGHU PRUH
ULJLG ERRP VWUXFWXUHV ZKLFK DUH UHGHSOR\DEOH LH
ZKLFK FDQ EH UHWUDFWHG WR DOORZ IRU HDVLHU FRQWURORI
WKH YHKLFOH ZLWKRXW ODUJH YLEUDWLRQDO ORDGV 
)XWXUH KXPDQ H[SORUDWLRQ PLVVLRQV UHTXLUH
WKH GHYHORSPHQW RI FDSDELOLWLHV WR OLYH
LQGHSHQGHQWO\ IURP (DUWK 7KLV UHTXLUHV DQ
LPSURYHG XQGHUVWDQGLQJ RI KRZ WKH KXPDQ
ERG\ UHDFWV WR GLIIHUHQW HQYLURQPHQWV DQG
WKH GHYHORSPHQW RI FDSDELOLWLHV WR OLYH
DXWRQRPRXVO\ 0,&(+$% ZRXOG GHPRQVWUDWH
ERWK RI WKHVH IDFHWV RI KXPDQ H[SORUDWLRQ
5HJDUGOHVV RI ZKHWKHU WKHUH LV FRQFOXVLYH
SURRI RI SDUWLDO JUDYLW\ HIIHFWV RYHU PXOWLSOH
JHQHUDWLRQV LW LV LPSRUWDQW WR WHVW WKH FRPELQHG
HIIHFWV RI SDUWLDO JUDYLW\ DQG ORQJ GXUDWLRQ RQ
KXPDQ SK\VLRORJ\ SULRUWRVXVWDLQHGSODQHWDU\
VXUIDFH PLVVLRQV
:H VXJJHVW FRQVLGHUDWLRQ VKRXOG EH JLYHQ WR
D SDUWLDO JUDYLW\ ELRORJLFDO UHVHDUFK SODWIRUP LQ
WKH YLFLQLW\ RI (DUWK WR XQGHUVWDQG WKH ORQJ WHUP
HIIHFWV RI YDULRXV JUDYLWLHV RQ PXOWLSOH RUJDQLVPV
WR IRUJH D VXVWDLQDEOH SDWK IRU IXWXUH PLVVLRQV
7KLV SODWIRUP FRXOG DOVR EH XVHG WR EHWWHU
XQGHUVWDQG WKH SRWHQWLDO EHQHĂWV RI DUWLĂFLDO
JUDYLW\ IRU ORQJ GXUDWLRQ LQWHUSODQHWDU\ WUDQVLWV
particularly in light of astronaut Scott Kelly’s

NASA/LaRC
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description of the potential hardships of long
GXUDWLRQ PLFURJUDYLW\ H[SRVXUHIROORZLQJKLV2QH
<HDU LQ 6SDFH PLVVLRQ
$GGLWLRQDO VWXGLHV VKRXOG EH SHUIRUPHG WR
XQGHUVWDQG WKH XWLOL]DWLRQ RI VLPLODU IDFLOLWLHV
WR DFKLHYH RWKHU ELRORJLFDO VFLHQFH SXUSRVHV
such as a deep space radiation testing and to
DFFRPPRGDWH RWKHURUJDQLVPVWLVVXHVDQGSODQW
growth studies.

MICEHAB will pave the
way for the future human
settlement of Mars.

About the authors
Dr Erica Rodgers LV DQ DHURVSDFH HQJLQHHU DW 1$6$ /DQJOH\ 5HVHDUFK
&HQWHU ZKHUH VKH HYDOXDWHV FDSDELOLWLHV DQG V\VWHP PDWXUDWLRQ IRU
LQWHJUDWLRQ LQWR KXPDQ VSDFHăLJKW H[SORUDWLRQ DUFKLWHFWXUHV 6KH KDV
 \HDUV RI H[SHULHQFH LQ GHVLJQLQJ DQG IDEULFDWLQJ VDWHOOLWH DQG URFNHW
LQVWUXPHQWDWLRQ DQG  \HDUV RI FRPELQHGH[SHULHQFHLQVSDFHSK\VLFV
and astrophysics science research.
Dr Matthew Simon LV WKH +DELWDWLRQ DQG &UHZ 6\VWHPV 'HVLJQ /HDG
IRU 1$6$ÛV +XPDQ 6SDFHăLJKW $UFKLWHFWXUH 7HDP +$7 VXSSRUWLQJ WKH
+XPDQ ([SORUDWLRQ DQG 2SHUDWLRQV 0LVVLRQ 'LUHFWRUDWH +(20'  +H LV
UHVSRQVLEOH IRU OHDGLQJ PXOWLGLVFLSOLQDU\ PXOWLFHQWUH WHDPV WR GHVLJQ
KDELWDWV DQG FUHZ V\VWHPV ZKLFK VXSSRUW FDSDELOLW\ GHYHORSPHQW
WHVWLQJDQG1$6$ÛV-RXUQH\WR0DUVSODQQLQJHIIRUWV

The vehicle
would house a
large colony of
up to 200 mice
in individual
mouse
enclosures
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Growing plastic-producing
bacteria in space
NASA plans to put humans on Mars in the near future but many obstacles lie
ahead. At the University of Copenhagen an interdisciplinary team of students
have taken on the task to support one aspect of future Martian settlement
in project called CosmoCrops. The ultimate goal of the project is achieving
self-sufficiency on future space missions by designing a flexible bioreactor
with a plug-and-play system that allows onsite production of bioplastic for 3D
printing, pharmaceutical compounds and nutrition supplements.
hroughout time the human race has
displayed a strong desire to explore and
conquer new lands and in modern times a
completely new frontier has opened up space. But space exploration is limited by very
high cost and extreme risk. Experience in low
Earth orbit (LEO) and on a handful of manned
ăLJKWV WR WKH 0RRQ KDYH WDXJKW XV WKDW IXWXUH
long-duration missions will face exponentially
GLIĂFXOW FKDOOHQJHV DVVRFLDWHG ZLWK WUDQVSRUWDWLRQ
working in space and staying healthy.
To support one astronaut for one year in
(DUWKRUELWUHTXLUHVDURXQGNJRIVXSSOLHV

T

Christina Toldbo
University of
Copenhagen,
Denmark
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excluding fuel. With a current absolute minimum
HVWLPDWHG SULFH RI 86 SHU NJ VHQW WR 0DUV
it is obviously necessary to reduce the weight
requirement of supplies and consumables.
With the prospect of crewed missions to the
red planet and the resulting increase in mission
GLVWDQFH DQG GXUDWLRQ VKLSSLQJ FRQVXPDEOHV IURP
Earth or sending frequent resupply missions - as
is currently the case for the International Space
Station (ISS) - will be prohibitively expensive and
probably impractical too.
&XUUHQW VFLHQWLĂF HIIRUWV DUH WKHUHIRUH EHLQJ
GLUHFWHGWRZDUGVLQFUHDVLQJVHOIVXIĂFLHQF\

Astronautics

and thereby Earth independence in order to
make long-term space missions such as NASA’s
Ú-RXUQH\ WR 0DUVÛ ERWK SRVVLEOH DQG SUDFWLFDO
This is where ‘synthetic biology’ could provide
valuable solutions by supporting the design of
metabolically engineered organisms that can
produce components for astronaut survival.
Such an engineered design may help solve
the problem of weight and cost by on-site
SURGXFWLRQ RI QXWULHQWV PHGLFLQH RU HTXLSPHQW
for use in the spaceship or on a planetary base.
An interdisciplinary team of students from
the University of Copenhagen in Denmark have
taken on this challenge in project CosmoCrops.
,QVSLUHG E\ D SURMHFW LQ  FDOOHG 6SDFH0RVV
which genetically engineered moss to survive
WKH KDUVK WHPSHUDWXUHV RQ 0DUV WKH  WHDP
decided to work with single celled organisms
like bacteria.
%DFWHULD DUH RIWHQ XVHG LQ V\QWKHWLF ELRORJ\
partly because most natural environments
harbour a diverse collection of bacterial species
with unique capabilities. Crucially they were the
YHU\ ĂUVW RUJDQLVPVWKDWGRPLQDWHGWKHHDUO\OLIH
on planet Earth.
CosmoCrops involves bachelor and master
VWXGHQWV IURP GLIIHUHQW ĂHOGV RI VFLHQFH
LQFOXGLQJ FRPSXWHU VFLHQFH SK\VLFV
biotechnology and mathematics. Strong links

between the different interdisciplinary areas
has allowed the team to push the boundaries of
each discipline at the same time as creating an
inspirational environment for innovative science.

Matt Damon growing
crops on Mars in The
Martian.

Synthetic Biology for space travel
7KH HVVHQWLDO TXHVWLRQ LV KRZ FDQ ELRWHFKQRORJ\
VXSSRUW DQG EHQHĂW IXWXUH VSDFH PLVVLRQV"
Carbon dioxide (CO2) is exhaled by humans

It is important
to make the
bacteria
‘familiar’
with Martian
conditions and
make them
adaptable

First trial of B. Subtilis
Co-culture with dialysis bag.
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Strong links between the different
interdisciplinary areas have allowed the team to
push the boundaries of each discipline

CosmoCrops team
members (from left):
Joseph Parker, Thue
Nikolajsen, Bastian
Bakkensen, Charlie S
Corde, Nikolaj P
Christensen, Fouiza
Hamid, Joachim S
Larsen, Iris Madsen and
Stael Naseri.
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different subsets of manipulated B. subtilis
organism in order to produce different compounds.
Essentially it would be possible to change between
SURGXFWLRQ RI ELRSODVWLF FKHPLFDOVPHGLFLQHHWF
depending on the exact need.
One advantage of B. subtilis is that its spores are
an inactive form of the bacteria and can survive
for several years without nutrients. This means
that astronauts would have the possibility to store
a variety of compound producing spores for an
extended period of time when they were not needed.

NASA

Creativity on how ISS
would look from a
bacterial perspective,
Bacillus Subtilis hosting.

ZKLOH EUHDWKLQJ DQG  SHU FHQWRIWKH0DUWLDQ
atmosphere consists of CO2.
The starting point for the CosmoCrops
concept was therefore to design a biological
system that uses the abundant CO2 and naturally
available sunlight to produce essential bio
SURGXFWV ZKLFK KDV EHHQ DFKLHYHG E\ FUHDWLQJ
a modular platform that enables production of
bioplastic material for 3D printing.
CosmoCrops has created a self-sustainable bio
production by using a modular co-culture system;
a biological system that consists of two different
EDFWHULDO RUJDQLVPV DEOH WR VXSSRUW VXUYLYH DQG
grow together while exchanging nutrients.
,Q WKH GHVLJQHG ELRORJLFDO V\VWHP D
SKRWRV\QWKHWLF F\DQREDFWHULXP ZKLFK XVHV &22 as
D FDUERQ VRXUFH DQG VXQOLJKW IRU HQHUJ\ SURGXFHV
sugar for another organism: the bacterium
Bacillus Subtilis. The B. subtilis bacterium is then
metabolically engineered to supply bioplastic PLA
(Poly Lactic Acid) for 3D printing.
The two bacterial organisms are mechanically
separated but are still able to exchange nutrients.
This gives the opportunity of a plug-and-play
mechanism where it is possible to interchange

Astronautics

More than just biology
2Q D PLVVLRQ WR 0DUV DVWURQDXWV ZLOO H[SHULHQFH
reduced gravity and their spacecraft drastic
H[WHUQDO WHPSHUDWXUH ăXFWXDWLRQVORZSUHVVXUH
and exposure to UV radiation.
If a biological system for bio production is
XVHG IRU IXWXUH 0DUV FRORQL]DWLRQ LW LV LPSRUWDQW
therefore to make the bacteria ‘familiar’ with
0DUWLDQ FRQGLWLRQV DQG PDNH WKHP DGDSWDEOH
)RU WKLV UHDVRQ WKH -HQV 0DUWLQ 0DUV &KDPEHU
-00&  ORFDWHG LQ WKH SK\VLFV GHSDUWPHQW DW
the University of Copenhagen - has been used to
VLPXODWH WHPSHUDWXUH ăXFWXDWLRQV 89 H[SRVXUH
DQG WKH ORZ SUHVVXUH IRXQG RQ 0DUV
7R KLJKOLJKW WKDW WKH FXOWXUH LV D OLYLQJ WKLQJ
WKH WHDP QDPHG WKHLU FRFXOWXUH Ú*LQQ\Û DIWHU
the old Nordic mythology concept of space
Ú*LQQXQJDJDSÛ WKH ERWWRPOHVV DE\VV WKDW H[LVWHG
prior to the beginning of the cosmos and into
which the cosmos will collapse once again).
The long term goal is to create a ‘survivor’
bacteria that can not only withstand the
KD]DUGRXV 0DUV FRQGLWLRQV EXW DOVR VWLOO
produce bio products. Prolonged exposure
WR WKH KD]DUGRXV FRQGLWLRQ RI WKH FKDPEHU
will ultimately most likely result in natural

The essential question is, how can biotechnology
support and benefit future space missions?
mutation of the bacteria in order to adapt to
the extreme environment.
By combining the different areas of natural sciences
the CosmoCrops project is building a bridge between
basic research and applied science. The project is
not only an inspirational project that lays the base for
further research and innovation in regards to space
exploration but it can also be instantly and directly
applied to solve problems on Earth.
About the authors
Iris M. Madsen VWXGHQW %6F 0DWKHPDWLFV 8QLYHUVLW\ RI
&RSHQKDJHQ 0HPEHU RI L*(0 7HDP&RVPR&URSVUHVSRQVLEOH
for organisation and outreach.
Stael Naseri VWXGHQW %6F 1DQRVFLHQFH DQG 1DQRWHFKQRORJ\
8QLYHUVLW\ RI &RSHQKDJHQ 0HPEHU RI L*(07HDP&RVPR&URSV
responsible for biology lab & physics lab.
Fouzia Hamid Akhtar VWXGHQW 06F %LRORJ\%LRWHFKQRORJ\
8QLYHUVLW\ RI &RSHQKDJHQ 0HPEHU RI L*(0 7HDP &RVPR&URSV
UHVSRQVLEOH IRU ELRORJ\ ODE IXQGLQJ RXWUHDFK
Christina Toldbo 06F LQ 3K\VLFV 8QLYHUVLW\ RI &RSHQKDJHQ
0HPEHU RI L*(0  7HDP6SDFH0RVVDQG6XSHUYLVRURIL*(0
Team CosmoCrops.

Plate with Cyanoacteria
(top left) after exposure to
Martian stimulated UV;
Cyano plate during the
exposure to UV (right) and
the microscopy of
Cyanobacteria
demonstrating the altered
morphology due to the
exposure (bottom left).
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Creating
a space nation
On 12 October 2016 project leader and founder Igor Ashurbeyli announced
plans to create the new space nation – Asgardia, named after the Norse city
in the sky that was home to the ancient mythical gods. The world’s media was
captivated by the drama and excitement of a space nation and what that might
mean for mankind, and the story was enthusiastically reported, albeit with
varying degrees of accuracy and understanding. Here, for readers of ROOM is
a complete transcript of Dr Ashurbeyli’s presentation.

Asgardia plans a
network of satellites,
the first to be launched
in late 2017.

ear journalists, guests and colleagues who
have come to show your support. Ladies
and gentlemen. Thank you everyone for
coming. I’ll start by saying that I wouldn’t be
surprised if today or tomorrow, some or all of you
write that some crazy Russian rocket scientist talked
utter nonsense here today. It would be worse if you
write nothing at all!
For my entire life I have always gone against
the grain, which is why some people told me from
WLPHWRWLPHWKDW,KDYHFUD]\LGHDV7KHYHU\ĂUVW

D

time I was labelled crazy was in 1988, when I was
a successful young scientist at a state university.
I read Gorbachev’s decree that allowed private
EXVLQHVV LQ WKH 8665 IRU WKH ĂUVW WLPH LQ LWV
history, and started my ‘Socium” company.
Back in my home town of Baku, Azerbaijan,
everyone knew my very old family, who lost
everything they had owned during the Stalin
era. But I took my wife and small son to Moscow,
where I didn’t know a soul, in order to start a
private computer technology business from
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One giant leap

Igor Ashurbeyli and colleagues during Paris press confernce.

scratch. Everyone told me I was crazy, that it’s safer to work for
the government and that no one would let a private company
ăRXULVK LQ WKH 8665
The second time was in 1994, I was already a successful
businessman. Government enterprises, however, were in quite
a disastrous state after the fall of the Soviet Union. Suddenly I
accepted the offer of a government position at one of the oldest
and most famous defence companies in Russia in the air and
space industry. It was in a desperate state. And again, I was told I
was crazy. My wife’s parents were living in Israel by then, my own
father in Paris. He is now 80 years old. Despite having relatives
abroad, I got the highest level of security clearance and for ten
years I was the CEO of Almaz, the world-renowned company that
designed the C-300 and C-400 aerospace defence systems.
The third time occurred in 2011. I had transformed Almaz into
a highly reputable state company with multiple domestic and
foreign customers. During that time, private business in Russia
was under severe pressure and the state sector received a lot of
government support. But I took another crazy step and returned
to my private business.
$QG QRZ LQ  , KDYH D SURĂWDEOH KLJKWHFK SULYDWH KROGLQJ
company “Socium” that has been around for 28 years, with almost nine
thousand employees in 30 companies in six towns around Russia.
And again, for the fourth time in my life, I am doing
something extraordinary that could cost me dear and destroy
my reputation as a conservative engineer and businessman.
1RZ ZH KDYH GHFLGHG WR FUHDWH WKH ĂUVW HYHU VSDFH QDWLRQ
– this is a global, unifying and humanitarian project. So let’s
talk about that. The project’s concept comprises three parts –
SKLORVRSKLFDO OHJDO DQG VFLHQWLĂFWHFKQRORJLFDO$QGLWÛVKDUG
to say which of these is more important.

The essence of Asgardia is ‘peace in space’,
and the prevention of Earth’s conflicts being
transferred into space

Entrepreneur and scientist Igor Ashurbeyli has taken
calculated risks with his career in the past but his
announcement on 12 October at a high profile press
conference in Paris could easily have destroyed his reputation
as a conservative engineer and businessman.
As space experts and representatives of the international
media waited curiously together or connected remotely from
around the world, Dr Ashurbeyli stepped forward to present a
truly ‘out of this world’ proposal.
Dr Ashurbeyli announced that together with an international
group of researchers, engineers, lawyers and entrepreneurs he
was creating the first ever space nation - to be named ‘Asgardia’,
after the city of the skies ruled over by Odin in Norse mythology.
The independent nation of Asgardia is a global, unifying and
humanitarian project aimed at fostering peace, providing access
for all nations to space technologies, products and services, and
protecting Earth from threats that may come from space.
The essence of Asgardia, Dr Ashurbeyli said, is peace in
space and the prevention of Earth’s conflicts being transferred
into space. New space law will protect the interests of everyone
and provide opportunities for every nation, not only those
that already have active space programmes and commercial
interests in space.
Asgardia’s first satellite is planned for launch in late 2017
to coincide with the 60th anniversary of the launch of the first
artificial Earth satellite, Sputnik 1. Looking further ahead,
a protective space platform is ultimately intended to defend
Earth from space threats.
Before taking questions from the press, Dr Ashurbeyli
announced the launch of the nation’s website ‘asgardia.space’,
inviting members of the public to learn more about Asgardia
and to apply for citizenship of the new nation.
Dr Ashurbeyli began his speech saying he wouldn’t be
surprised if many wrote that “some crazy Russian rocket
scientist talked utter nonsense here today,” but added, “it
would be worse if you write nothing at all!”
In reality, the story of Asgardia was picked up by
international newspapers, TV, radio, online and social media
resulting in 400 plus articles across 37 countries around the
world. Experts and members of the press hailed Asgardia as
‘bold’ and ‘an exciting development’.
Asgardia is developing its own constitution, government
and council and will seek United Nations recognition. Already,
prospective Asgardians have been invited to design the nation’s
flag, insignia, anthem and motto.
It may seem like the stuff of science fiction, but humans
really are taking the first steps towards building a nation in
space. And as Dr Ashurbeyli said at the press conference: “It
is the realisation of man’s eternal dream to leave his cradle on
Earth and expand into the Universe.”
Janis Hunt, Editor at ROOM
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Philosophy

It is the
realisation of
man’s eternal
dream to leave
his cradle
on Earth and
expand into the
Universe

The project’s philosophy starts at selecting the
name for this new country – Asgardia. In ancient
Norse mythology, Asgard was a city in the skies, the
country of the Gods. It is the realisation of man’s
eternal dream to leave his cradle on Earth and
expand into the Universe.
$VJDUGLD LV D IXOO\ăHGJHG DQG LQGHSHQGHQW
nation, and a future member of the United
Nations - with all the attributes this status entails:
D JRYHUQPHQW DQG HPEDVVLHV D ăDJDQDWLRQDO
anthem and insignia, and so on.
The essence of Asgardia is ‘peace in space’,
DQG WKH SUHYHQWLRQ RI (DUWKÛV FRQăLFWV EHLQJ
transferred into space. Asgardia is also unique
from a philosophical aspect – to serve entire
humanity and each and everyone, regardless of his
or her personal welfare and the prosperity of the
country where they happened to be born.
Asgardia’s philosophical envelope is to ‘digitalise’ the
Noosphere, creating a mirror of humanity in space
but without Earthly division into states, religions and
nations. In Asgardia we are all just Earthlings!

Legalities

Chatting, comment and
questions from attendees
and international press at
Asgardia’s official launch
in Paris during October.
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Asgardia’s legal aspects. Today, many of the
problems relating to space law are unresolved
and may never be solved in the complex and
contradictory dark woods of modern international
ODZ *HRSROLWLFDO VTXDEEOHV KDYH D JUHDW LQăXHQFH
and are often rooted in the old military history and
XQUHVROYDEOH FRQăLFWV RI FRXQWULHV RQ (DUWK ,W LV
time to create a new judicial reality in space.
It is of crucial importance that space law does not
become the law of the jungle. Today, only 20 countries
on Earth out of about 200 have a space presence,

and have, for example, plans to mine in space and lay
claim to exclusivity and monopoly. We feel that this is
not permissible. New space law has to equally protect
the interests of every human being on Earth.
It means protecting individuals and countries
(particularly developing nations) from space
WKUHDWV DV ZHOO DV GHOLYHULQJ WKH EHQHĂWV RI XVLQJ
space for creating new goods and services, and
ĂQDQFLDO UHVRXUFHV
The question of Asgardia citizenship is also essential.
After Asgardia is recognised as a member of the UN,
the question of reasons for granting citizenship will
LQHYLWDEO\ DULVH 2QH RSLQLRQ LV WKDW WKH ĂUVW $VJDUGLDQV
ZLOO EH WKRVH ZKR ZRUN LQ WKH ĂHOGV RI VSDFH UHVHDUFK
and exploration, and space technology, as well as
LQYHVWRUV LQ WKHVH ĂHOGV LQFOXGLQJ VPDOO LQYHVWRUV
Of course, special preference will be given to the
ĂUVW KXQGUHG WKRXVDQG SHRSOH ZKR DSSO\ SULRU WR
WKH ODXQFK RI WKH ĂUVW VDWHOOLWH  DQG DOO WKH W\SLFDO
citizenship procedures that are used on Earth
will be followed. This does not mean Asgardian
citizenship will not be available to all people on
Earth, regardless of their earthly jurisdiction.
A core legal principle is that Asgardia does
not interfere in relations between states on
Earth – and vice versa. Asgardia’s legal envelope
includes the creation of a new legal platform for
the exploration of near-Earth and deep space.
‘Universal space law’ and ‘astropolitics’ have to
replace international space law and geopolitics.

Scientific and technological
This component can be explained in just three
words: peace, access and protection. These are the
WKUHH PRVW LPSRUWDQWVFLHQWLĂFDQGWHFKQRORJLFDO
goals of Asgardia.

Astronautics

Therefore, Asgardia is a sort of a matryoshka made of philosophy, law and technology. Whatever
else is hidden inside is something we will discover
in the near future.

Economics
I would now like to say a few words on economics.
The thing is, we are not selling pieces of land on
the Moon or water in Antarctica. We’re actually
not selling anything at all at the moment. Only
DIWHU ZH KDYH SURYHQ WKLV LGHD ZLWK D FRQĂUPHG
launch of an equipped satellite may we begin
talking about Asgardia’s budgets.
Right now, work on the project is funded
entirely from our personal private funds. It’s a
clear-cut decision. We have now declared our
concept and philosophy publicly and would like as
PDQ\ SHRSOHDVSRVVLEOHRQWKHSODQHWWRĂQGRXW
about it.
And of course we are going to make use
of crowd funding and sourcing, and private
donations. And we welcome cooperation with new
partners and investors.
Asgardia’s technical, legal and philosophical
team is in the process of being set up. Is it
pioneering, futuristic and visionary - or madness?
Call it what you will, and time will tell.
To sum up, I would like to announce that in
a few minutes Asgardia’s website beta version
will be launched – Asgardia.space. It will accept
preliminary applications for Asgardian citizenship.
$IWHU WKH ĂUVW  WKRXVDQG DSSOLFDWLRQV KDYH EHHQ
UHFHLYHG DSSOLFDWLRQV ZLOO EH FORVHG XQWLO WKH ĂUVW
Asgardia satellite is launched. We await you – the
ĂUVW SRWHQWLDO FLWL]HQVDQGYROXQWHHUVRIWKHĂUVW
space nation!

Scientific and
technological
components of
the project can
be explained
in just three
words - peace,
access and
protection

James Vaughan

7KH ĂUVW LV WR HQVXUH WKH SHDFHIXO XVH RI VSDFH
The second is to protect planet Earth from space
WKUHDWV 7KHUH DUH VHYHQ WKUHDWV LQ RXU FODVVLĂFDWLRQ
V\VWHP VXQ VWRUPV DQG ăDUHV NQRZQ DV FRURQDO
mass ejections; changes in Earth’s magnetosphere
that destroy the effective protective layer of our
planet; potentially dangerous asteroids and comets;
man-made orbital debris; changes in the climate
stemming from technogenic factors and sun
radiation; cosmic radiation from nuclear reactions
in novae, supernovae and pulsars; and the danger
of Earth infection by microorganisms from meteors
and other small celestial bodies.
The third goal is to create a demilitarised and
IUHH VFLHQWLĂF EDVH RI NQRZOHGJH LQ VSDFH 7KLV
will provide free access to all, especially those
from developing countries who do not have
space access now. And such access should be
free and direct.
We see Asgardia’s technical structure in three
segments: one or several core satellites; clusters of
network-centric small satellites; and a protective
space platform.
We are not going to talk about technical aspects
and details today. It is not because we have nothing
to say. It is because we want the widest participation
in this open project – participation from all
interested scientists and companies, without limiting
them by our own vision of the technological side of
things at the moment.
7KH VFLHQWLĂF DQG WHFKQRORJLFDO HQYHORSH
RI $VJDUGLD LV D VSDFH DUHQD IRU WKH VFLHQWLĂF
creativity of its citizens and companies in
developing a broad range of future space
technologies, products and services for humanity
on Earth and humanity in Space.
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The making of a nation
The creation of a new country is, unsurprisingly, not a simple process. And in the case of a
space nation many of the decisions that need to be made may never have been considered
before. Posted on the Asgardia website just a month after announcing the creation of
Asgardia, this is Igor Ashurbeyli’s personal message to new and future citizens, informing
them that work has begun and that their participation is crucial in establishing and
developing the nascent nation.
Igor Ashurbeyli,
President of the Expert
Society on Space Threat
Defense, Founder of AIRC
and founding father of
Asgardia, announces the
creation of the first space
nation.
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G

reetings to over half a million Earthlings
from over 100 Earth countries who have
joined Asgardia!

1. One month has passed since 12 October 2016
ZKHQ , DQQRXQFHG WKH FUHDWLRQ RI WKH ĂUVW VSDFH
QDWLRQ  $VJDUGLD :H WKRXJKW WKDW WKH ĂUVW 
future Asgardians would register by the end of 2016
EXW ZH UHDFKHG WKDW QXPEHU ZLWKLQ WKH ĂUVW  KRXUV
$QG RYHU  UHJLVWHUHG GXULQJ WKH ĂUVW  GD\V
so today I want to say to all of you, THANK YOU!

2. At midnight on 31 October 2016 registrations
were frozen and it was then time to start the
second stage - verifying registrations to make
sure they are unique; there are no bots, underage
minors without permission, etc. For us to do this,
\RX ZLOO EH DVNHG WR FUHDWH D SHUVRQDO SURĂOH
7KRVH ZKR FRQĂUP WKHLU LGHQWLW\ ZLOO JHW D
FHUWLĂFDWH ZLWK WKHLU XQLTXH $VJDUGLDQQXPEHU
and a symbol of Asgardia.
3. It is also time to vote for the Declaration of Unity
of Asgardia, which will declare the core values of

Astronautics

Amazing Asgardians
With over one hundred thousand applications in less
than two days, and more than half a million in under
three weeks Asgardia took off at a truly cosmic speed.
With applicants from pretty much every country
in the world today the Asgardian community is
actively discussing on-line its future Constitution
and Government structure, developing ideas for
national symbols and attributes and brainstorming
technical issues.
But most importantly it is forming a civil society
which could become a prototype of the future of
humankind. The community motivation and selforganisation is an inspiring example of how large
groups can work together to achieve complex goals
and take initiative in shaping their own future.
Rebekah Berg, Asgardia Lead Community Administrator
and Guy Stroobants, Lead Chapter Administrator, are both
very encouraged with the response.

“Some amazing Asgardians, like ‘Nikari’ Steve
Miller and Cheyenne Voss from the Uinited States,
and Alex Fiume from Italy have stepped up and
offered their time to help get things organised in
collaboration with the lead administration team,”
said Rebekah.
“Others include the incredible administrators
and moderators of the various groups and Chapter
pages like Oriane Kaesmann of France in the law
group, American Ryan Steel Zohar from the US on
the artistic side of Asgardia, Jason Rainbow in the
National Chapter of Puerto-Rico and Dominic Sturt in
the National Chapter of New Zealand.
“Almost 100 talented folk are working together
as chapter heads, group administrators and
moderators, translators, writers and other important
roles to help the community remain healthy with
vibrant, civil discussions.”

Asgardia and will become the basis for the preparation
DQG UDWLĂFDWLRQ RI WKH $VJDUGLDQ &RQVWLWXWLRQ
4. Simultaneously, I would like to ask you to
FRQĂUP P\ WHPSRUDU\ DXWKRULW\ DV WKH +HDG RI
Asgardia, so that I can represent the Asgardian
nation in talks with Earth countries and the
United Nations (UN) in order to have Asgardia
gain recognition as a full independent state and
a UN membership.
5. A temporary government will immediately
be formed, whose three main tasks will be to get
Asgardia recognised as a nation, to hold elections in
$VJDUGLD DQG WR ODXQFK WKH ĂUVW $VJDUGLDQ VDWHOOLWH
6. After elections in 2017, Asgardia will have
its own parliament, government and council at
three levels: state-wide, continental, and regional
chapters. Their main functions and powers will be
determined after an all-nation discussion.
7. A contest for designing and choosing the
$VJDUGLDQ ăDJ LV LQ SURJUHVV DQG YRWLQJ LV DOUHDG\
on-going. I ask you also to participate in the other
contests on the Asgardian motto, salutation, etc.
8. A forum will be opened on Asgardia.space

in the near future. I invite everyone to use
it as a discussion space for all of the issues
listed above and more, and for all questions
concerning the development of Asgardia. I
thank all of the volunteers for their initiative
and excellent work - all the administrators and
moderators of our existing team, and I invite
new volunteers to join us.
9. Asgardia needs its own mass media outlets,
WKH ĂUVW RI ZKLFK ZLOO EH DQ HOHFWURQLF QHZVSDSHU
in a completely new format that has never been
used before. Follow the development of our
interactive newspaper and please, participate!
10. There are currently thousands of letters and
questions in the Asgardia email accounts that we
have not physically been able to answer. All of
them will be checked and sorted by the end of the

Lena De Winne
NGO Asgardia, President

Hundreds of designs
have been submitted for
the Asgardia flag
competition.

Asgardia has expanded at space velocity – just
like a space nation should. Let’s keep that
dynamic going!
ROOM 57
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Joining up
Applications for Asgardian citizenship were
expected to reach around 100,000 by the
end of 2016 and the original intention was to
close applications at that point until the first
Asgardia satellite is launched.
But such was the massive level of response
that this target had been reached within
40 hours of launching the website. When
applications closed on 31 October the number
of future Asgardians stood at more than half a
million. The top five countries for applications
currently are China, USA, Turkey, Brazil and UK.
Once logistics were sorted a decision was
then taken to continue taking applications.
Now anyone can register for Asgardian
citizenship by completing an application form
found on the asgardia space website.

12. The 2017 Asgardia budget will be made
SXEOLF LQ 'HFHPEHU ,Q RUGHU WR IXOĂOO RXU EXGJHW
we will open a second, commercial website –
Asgardia.com. We are happy to discuss your
offers and ideas for generating revenue for
Asgardia, both through business projects and
through charitable projects.
In closing, I would like to remind you that we are
continuing to accept applications for Asgardia.
'XULQJ WKH ĂUVW PRQWK RI LWV H[LVWHQFH $VJDUGLD
has expanded at space velocity – just like a space
nation should. Let’s keep that dynamic going!
Igor Ashurbeyli

NASA/JPL

year. Answers to the most common questions will
be posted in the Asgardia.space FAQ section. I will
answer non-standard questions and offers myself
personally in my new blog on asgardia.space,
which will become available in the next few weeks.
11. During its very short history, Asgardia has
already suffered from several attacks - cyber-attacks
as well as attacks on its reputation. There have
also been cases of pressure, threats and blackmail
attempts on our telephone lines and social media.
I am declaring that Asgardia is a peaceful nation,
but a strong one. We will protect planet Earth from
space threats, but we will also not compromise in
protecting Asgardia and our citizens to the fullest.
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→ ESA BUSINESS INCUBATION CENTRES
ARE YOU AN ENTREPRENEUR WITH AN INNOVATIVE, SPACE-RELATED BUSINESS IDEA?
START-UP WITH SPACE!
With the support of the ESA Business Incubation Centre Harwell,
Geraint “Taff” Morgan was able to become the founder of three
start-ups using space technology and know-how. Taff is
a member of The Open University’s Ptolemy instrument
team that in 2014 landed on a comet and
characterised the chemical composition of
the comet nucleus.
At the first TEDxESA he shared how
Ptolemy is now being used “Down to Earth” to sniff out bacteria causing stomach
ulcers and find blood sucking creatures (better known as bed bugs).
The ESA Business Incubation Centres offer extensive support
to entrepreneurs and young start-ups with innovative ideas
and facilitate the use of space technology, systems, service
and know-how for non-space applications.

BECOME ONE OF
350+ ENTREPRENEURS
WHO LAUNCHED THEIR START-UP
WITH OUR ESA BIC PROGRAMME!
START-UP? START NOW!
ttp@esa.int
www.spacesolutions.eu
facebook.com/EsaBICs
twitter.com/#esabic

Astronautics

SNC

UN strategy
lifts capacity
for nonspacefaring
countries
Artist’s view of Dream
Chaser in Earth orbit.

The United Nations Office for Outer Space Affairs (UNOOSA) is pursuing a
remit to ensure all of humankind can benefit from the use of space. Its latest
initiative is a partnership with the space firm Sierra Nevada Corporation
(SNC), which was announced in June 2016 with further details provided at
the International Astronautical Congress (IAC) in Mexico in September. From
2021, the UN will partner with SNC to use the company’s Dream Chaser
vehicle to offer Member States affordable unmanned reusable flights to lowEarth orbit (LEO) on the first ever United Nations space mission. In her article
for ROOM, UNOOSA Director Simonetta Di Pippo explains why this is such an
important initiative and how it will benefit developing countries.
t UNOOSA we promote increased access
to and use of space-based technology and
applications, including by helping Member
States develop their own capabilities. In
2010 we launched our Human Space Technology
Initiative (HSTI) to involve more countries in
DFWLYLWLHV UHODWHG WR KXPDQ VSDFHăLJKW DQG PDNH
space exploration a truly international effort,
inclusive and open to everyone.
Our partnership with SNC forms part of a wider
strategy under HSTI of building space capacity
of non-space-faring countries, particularly
GHYHORSLQJ FRXQWULHV VR WKDW WKH\ WRR FDQ EHQHĂW
from space technologies and activities.

A

Simonetta Di Pippo
Director of the United
Nations Office for
Outer Space Affairs,
Vienna, Austria
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We already have a number of other
projects under the HSTI that complement
the SNC partnership. KiboCUBE, an initiative
with the Japan Aerospace Exploration Agency
(JA X A), offers educational and research
institutions from developing countries
the opportunity to deploy cube satellites
from the Japanese Kibo module of the
International Space Station (ISS).
:LWK -$;$ ZH UHFHQWO\ VHOHFWHG WKH ĂUVW
successful candidates for this programme - a team
from the University of Nairobi. The launch of their
cubesat later in 2017 will allow Kenya to have a
VDWHOOLWHLQRUELWIRUWKHYHU\ĂUVWWLPH
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Simonetta Di Pippo and
Mark Sirangelo, head of
Corporate Systems at SNC,
after announcing further
details of the partnership
at the IAC in Mexico.

A fellowship programme has given research
teams in recent years the opportunity to conduct
microgravity experiments at the Bremen Drop
Tower in Germany. Also under the HSTI, an
agreement signed this year between UNOOSA
and the China Manned Space Agency will enable
Member states to conduct space experiments
onboard China’s future space station.
:H KDYH UHFHLYHG VLJQLĂFDQW LQWHUHVW DQG D
large number of applications for the projects
already underway, such as KiboCUBE and the
Bremen Drop Tower, and we expect even more
interest for using the China Space Station and the
Dream Chaser.
Through these projects we facilitate
developing countries’ access to a range of space
activities. Partnerships, such as the United
Nations Dream Chaser mission, will progress one
of our core activities - capacity-building - into a
more innovative approach for the 21st century.

Developing countries
The dedicated United Nations Dream Chaser
mission will provide UN member states - with a
focus on developing countries - the opportunity
WR GHYHORS DQG ă\ H[SHULPHQWV LQ PLFURJUDYLW\
conditions for an extended duration in orbit.
7KLV ZLOO EH HVSHFLDOO\ EHQHĂFLDO WR FRXQWULHV
which cannot afford their own standalone space
programme but will, through this initiative, have
the possibility of conducting research in space.

2QH RI 81226$ÛV NH\ UROHV LQ WKH PLVVLRQ ZLOO
be to collect and select research proposals, which
FDQ EH RQ DQ\ WRSLF WKDW VXSSRUWV WKH IXOĂOPHQW
of the Sustainable Development Goals, such as
studying climate change, food security, global
health, or water resources.
,Q RWKHU ZRUGV 81226$ WKDQNV WR WKH 8QLWHG
Nations Dream Chaser mission, will enable
developing countries, even if not exclusively, to
access space to perform experiments in orbit in
line with the objectives of the 2030 Agenda for
Sustainable Development.
,Q RUGHU WR PDNH WKH SURJUDPPH PRUH
accessible to nations without a highly developed
space industry, UNOOSA will offer technical
VXSSRUW WR FRXQWULHV WKDW ODFN H[SHUWLVH
or experience in developing space science
H[SHULPHQWV WR ă\ LQ PLFURJUDYLW\
Support might include activities such as assisting
selected entities in further designing their projects,
training researchers, or developing university
curricula. These actions are in line with our effort
WR GHĂQH LQQRYDWLYH DQG HIIHFWLYH DSSURDFKHV WR
capacity-building, as mandated by the Committee
on the Peaceful Uses of Outer Space (COPUOS).
By developing and implementing a research
project for the United Nations Dream Chaser
PLVVLRQ FRXQWULHV FDQ DOVR JDLQ EHQHĂWV RXWVLGH RI
just the mission. We expect our efforts in building
capacity in this way to have long-term impacts,
especially in space-related science, technology,

We are
working with
Sierra Nevada
Corporation
to explore
innovative
funding
mechanisms
to further
assist selected
countries in
defraying the
costs of their
participation
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SNC

Graphic showing SNC’s
Dream Chaser spacecraft
and cargo module
attached to the ISS.

engineering and mathematics (STEM) education
SURJUDPPHV DQG WKDW WKHVH UHVXOWVZLOOăRZWRWKH
wider economy as a whole.
Countries selected to provide mission
H[SHULPHQWV ZLOO EH DVNHG WR SD\ D SURUDWD
portion of the mission cost, based on the
resources required to host the payload and their
DELOLW\ WR SD\ ,Q DGGLWLRQ ZH DUH ZRUNLQJ ZLWK
SNC to explore innovative funding mechanisms to
further assist selected countries in defraying the
costs of their participation, so that this mission
can really enable inclusive access to space for all.

Dream Chaser

The mission
is innovative
and means
traditional
boundaries
between the
different space
sectors are
no longer as
definitive or
limiting as they
once were
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Sierra Nevada Corporation’s Dream Chaser is
about the size of a regional jet and is expcetd
to accommodate about 20 to 25 laboratory
stations. It is the only reusable, lifting-body,
multi-mission spacecraft capable of landing at
commercial airports or spaceports that currently
accommodate large commercial aircraft.
'UHDP &KDVHU LV D VDIH DIIRUGDEOH ăH[LEOH DQG
reliable system capable of crewed and un-crewed
transportation services to LEO destinations. SNC
LV FXUUHQWO\ ZRUNLQJ ZLWK DLUSRUW DQG VSDFHSRUW
authorities in pursuit of the necessary licenses
for missions.
$IWHU VXFFHVVIXOO\ FRPSOHWLQJ HDUO\ WHVW ăLJKWV
with NASA, Dream Chaser was recently selected
to provide cargo delivery, return and disposal
services for the ISS under NASA’s Commercial Re-

supply Services 2 (CRS-2) contract. Dream Chaser
KDV VXFFHVVIXOO\ FRPSOHWHG LWV ĂUVW PLOHVWRQH
under this contract and is now being prepared for
WKH QH[W URXQG RI WHVWV,WVĂUVWăLJKWWRWKH,66LV
planned for 2019.

Wider framework
As well as being part of our HSTI, this exciting
initiative with Sierra Nevada Corporation for the
ĂUVW 8QLWHG 1DWLRQV 'UHDP &KDVHU PLVVLRQ LV
DOVR SDUW RI D ZLGHU 81 IUDPHZRUN IRFXVHG RQ
the future of international space cooperation UNISPACE+50.
UNISPACE+50 will be a special segment
RI &23826 LQ -XQH  WR PDUN WKH WK
DQQLYHUVDU\ RI WKH ĂUVW 81 &RQIHUHQFH RQ WKH
Exploration and Peaceful Uses of Outer Space.
This will be an opportunity to build a new
concept of space governance that aims at
achieving the 2030 Agenda for Sustainable
Development, including the 17 Sustainable
Development Goals, and is based on the peaceful
exploration and uses of outer space. UNISPACE+50
will bring together space actors from around
the world to consider issues based around four
thematic areas: space economy, space society,
space accessibility and space diplomacy.
Capacity-building and access to space for
GHYHORSLQJ FRXQWULHV WKURXJK LQLWLDWLYHV OLNH
our partnership with SNC, will be especially
considered under the ‘space accessibility’ pillar.
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Dubai declaration
The High Level Forum on space as a driver
for socio-economic development was held in
Dubai, United Arab Emirates, from 20 to 24
November 2016.
It brought together more than 100 participants
from the broader international space community
to identify ways to harness space technology and
applications for socio-economic development.

:H ZDQW WR PDNH VXUH WKDW VSDFH WHFKQRORJ\ DQG
DSSOLFDWLRQV DUH XVHG WR EULQJ FRQFUHWH EHQHĂWV
WR KXPDQNLQG ZKLOH DW WKH VDPH WLPHHQVXULQJ
that space remains sustainable.
Space accessibility is essential because it
NHHSV VSDFH IURP EHLQJ D SURGXFHU RI HFRQRPLF
and social inequality. It contributes to equal
distribution of opportunities, broadens economic
gain, fosters research and innovation, and
VXSSRUWV GHFLVLRQPDNLQJ SURFHVVHV RQWKHEDVLV
of accessible and transparent data.
Dedicating an entire microgravity mission to
United Nations Member states, many of which
GR QRW KDYH VXIĂFLHQW LQIUDVWUXFWXUH RU ĂQDQFLDO
EDFNLQJ IRU WKHLU RZQ VSDFH SURJUDPPH JLYHV
more countries access to space and the ability to
use space technology as a tool for the achievement
of the Sustainable Development Goals.

Dream Chaser during a
flight test.

The Declaration will be presented to the Scientific and Technical Subcommittee of the Committee on the Peaceful Uses of Outer Space in early
2017. The Declaration is available on UNOOSA’s
website at http://www.unoosa.org/oosa/en/ourwork/hlf/first-hlf-meeting.html.

the traditional boundaries between the different
space sectors - security, commercial and civil - are
QR ORQJHU DV GHĂQLWLYHRUOLPLWLQJDVWKH\RQFHZHUH

Uniting effort

Diplomacy
Our partnership with SNC on the United Nations
Dream Chaser mission is also relevant to the
WRSLF RI ÚVSDFH GLSORPDF\Û ZKLFK LV GHĂQHG DV
FRQVWUXFWLYH DQG NQRZOHGJHEDVHG FRRSHUDWLRQ
in using space technologies and applications to
address common challenges facing humanity.
It is also important to note in this context that
private actors such as Sierra Nevada Corporation
KDYH D NH\ UROH WR SOD\ LQ DGGUHVVLQJ JOREDO
issues, especially in line with the 2030 Agenda for
Sustainable Development and its 17 Sustainable
'HYHORSPHQW *RDOV WKLV UROH ZDV DIĂUPHG LQ WKH
Dubai Declaration that emerged from the recent
High Level Forum on space as a driver for socioeconomic development.
Our partnership with Sierra Nevada Corporation is
a good example of how public/private partnerships
LQ WKH VSDFH VHFWRU FDQ EH EHQHĂFLDO WR DOO 7KLV
PLVVLRQLVLQQRYDWLYHEHFDXVHLWDFNQRZOHGJHVWKDW

After five days of presentations and discussions,
participants made concrete recommendations in
the form of the Dubai Declaration, outlining how
to move forward in utilising space for development and assisting states to attain the Sustainable Development Goals.

Space
accessibility
is essential
because it
keeps space
from being
a producer
of economic
and social
inequality

Going forward, common issues and concerns in
the space arena will have to be considered in a
collaborative approach that unites the efforts of
the space sectors. And, importantly for UNOOSA
and UN Member States, all players, including the
SULYDWH VHFWRU FDQ EH NH\ FRQWULEXWRUVWRJOREDO
sustainable development.
We believe that our partnership with SNC on the
United Nations Dream Chaser mission will achieve
these goals. Furthermore, by giving emerging
space nations cost-effective access to space
and the opportunity to conduct research that
cannot be done on Earth, we are fostering space
innovation and exploration
This mission is an exciting endeavour, and we at
WKH 8QLWHG 1DWLRQV 2IĂFH IRU 2XWHU 6SDFH $IIDLUV
DUH ORRNLQJ IRUZDUG WR EULQJLQJ WKH EHQHĂWV RIWKLV
partnership to many all around the world.
About the author
Simonetta Di Pippo has been Director of UNOOSA since 2014 and
was previously Head of the European Space Policy Observatory at
Agenzia Spaziale Italiana (ASI) in Brussels. She also served as Director
RI +XPDQ 6SDFHăLJKW RI WKH (XURSHDQ 6SDFH $JHQF\ IURP  WR
2011, and Director of the Observation of the Universe at ASI from
2002 to 2008.
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A habitat design for
future living on Mars, by
artist Bryan Versteeg.

Opening up the
infinite frontier

NASA/

Opinion

Rick Tumlinson recently spoke at a high level United Nations forum designed
to feed into the 50th anniversary of the first UNispace Conference, taking
place in 2018. Filled with policy makers, representatives from governments
and others, he was one of only a couple of people from what he calls
the ‘Frontier Movement’. While it is variously referred to as new space,
commercial space or private sector space, many outside this cause-based
movement have trouble actually understanding it. In a provocative ‘opinion’
article for ROOM, he urges us all to embrace a movement that will ultimately
see the human settlement of outer space.
here is an old Indian fable about six blind
men describing an elephant, each coming
to a different conclusion as to what it is
they are describing. And thus it is today as
world leaders, legislators, policymakers and
academics try to understand what is happening in
the Frontier Movement. Often well-meaning, each
seems to be describing something that is different or
merely part of a much larger whole that is looming
over them and whose powerful momentum is about
to change everything.
Some say it is about commercial space. Some
describe it as New Space versus Old Space. Some
see it as a new gold rush led by the wealthy. It is
neither and it is all. The danger is that, based on
partial understanding and wrong information, wrong

T

Rick Tumlinson
Chairman of the
New Worlds Institute
& Deep Space
Industries, United
States
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actions can be taken, actions that might be useless,
or even harm this amazing cause.
What is happening right now is not simply about
commercial business - although it requires the
successful application of the rules of commerce
and business - or about the new versus old. It is a
WUDQVIRUPDWLRQ EXLOW RQ WKH ĂUVW  WR  \HDUV RI
space investment by states and companies around the
world - simply approached and applied in new ways.
It is also not so much about the acquisition of
private wealth as it is about the innovative use of
wealth by those who believe at a deeply spiritual
level in making something happen to increase the
ZHDOWK RI WKH KXPDQ VSHFLHV PDWHULDOO\ VFLHQWLĂFDOO\
and in terms of inspiration while transforming our
relationship to the universe and life itself.
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For those part of the Frontier Movement
settlement is our touchstone - and that means
developing the means to travel to and live in space.
It also means creating the expectation, the demand
that in the end we are going to space to make of it
a new home for our species. We are talking about
expanding life beyond the Earth and opening the
Solar System to human civilisation.
)RU  \HDUV P\ FRPSDWULRWV DQG , LQ WKH 8QLWHG
States have been leading a space revolution, and
at last, after decades of battling bureaucracies,
changing laws, investing time and money and
creativity, it has begun. Brought to public attention
by the arrival of many of the world’s top billionaires
who have linked arms with the rest of us who have
been inspired by the giants of the space race, to
build on the technology and policy work we and our
space program heroes have created since Gagarin
touched the edge of space.
And the excitement is spreading. Light bulbs are
going off in the minds of government managers
long caught in dead end lacklustre projects as they
realise they too can participate in this revolution,
EHQHĂWWLQJ IURP WKH ORZHU FRVWV DQG JUHDWHU DFFHVV
to space that competition brings, and the excitement
created by working towards such an important goal.
Citizens too are stepping up to join in what
they realise is going to be a major new human
and economic activity as new space companies
and initiatives spring up around the world. This
is something we not only invite but need – as
ultimately it is about humanity and creativity being
given the chance to rise out of anyone and anywhere
in the form of a better future for all.
There is, however, still much work to be done. Joy
rides and cool animations aren’t enough. States can’t

just start buying a few rides on commercial rockets
or declare support for Moon villages whilst retaining
their old ways. Real changes have to be made. The
power of government must unite with the creativity
of the people if we are to succeed.
Primarily, both parties must at last align behind the
same goal - the human development and settlement
RI VSDFH 1H[W JRYHUQPHQWV PXVW UHGHĂQH WKHLU UROH
vis-à-vis private citizens when to comes to space.
Rather than seeing us as the audience, contractors to
carry out their will or nuisances who might damage
their universe, they must begin to see us as partners,
and customers, and frankly, the ones for whom they
work - so we can realise our ambitions and goals. To
do so the very nature of national space investments
and national space agencies must change, as must the
intent and effect of national policies, treaties and laws.
The Frontier Movement is comprised of two parts:
New Space (or what some call commercial space) and
the settlement movement.

New Space
This is the economic engine of the revolution,
FRPSULVHG RI SURĂWRULHQWDWHG FRPSDQLHV GLUHFWO\
or indirectly supporting the opening of the new
IURQWLHU 7KH\ KDYH LQYHVWRUV ZKR VHHN D ĂQDQFLDO
return on investment and though there may not be a
direct line between their projects and people living in
space they were founded by or because of inspiration
from the cause, with the intention of supporting it or
enabling a person or group to participate.

It is not so much about the acquisition of private
wealth as it is about the innovative use of wealth
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Some of these are creations of what I call the
billionaire cavalry, those who shared the same roots
and inspirations of the grass roots early entrants
but who arced out into the world and made their
fortunes elsewhere, only to return to their core
drivers and invest (and in some ways donate) their
funds and fortunes to making the dream happen.
People like Jeff Bezos, whose life was changed
by the work of Gerard K. O’Neil’s High Frontier
and it’s laying out of a critical path to human space
settlement, or Paul Allen of Microsoft and others
like him who share the dream and see commercial
opportunities in helping make it happen.
Next come companies like Virgin Galactic and
Sierra Nevada Corporation, founded and run by
those clearly part of the frontier movement. Whilst
ZRUNLQJ WRZDUGV EHLQJ SURĂWDEOH WKH\ DUH DOVR
doing things that are aligned with and can enable
space settlement.
6RPH \RXQJ (DUWK RUELWLQJ FRQVWHOODWLRQV ĂW
this description, as they were started by people
who intend to participate or support human space
settlement. There is, however, little if any straight
line between them and the technologies or systems

Technical and
industrial
capabilities
must be
combined with
enlightened
planning

Jeff Bezos, founder of
Amazon. Among his many
internet pursuits he is
also the founder of Blue
Origin, a private
spaceflight company that
hopes to take tourists into
space.

Entrepreneur Sir
Richard Branson, founder
of Virgin Galactic.

US businessman
Robert Bigelow, owner of
the hotel chain Budget
Suites of America and
founder of commercial
space company Bigelow
Aerospace.
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one would need to say, build a house on Mars. Yet
they do bring in ideas, innovations and technologies
that will allow outward leverage. A good example
areis the Cubesat technologies that allow earlier
and cheaper participation in the use and exploration
of space, and create more entry points for those
without a few billion dollars in their pockets.
7KHUH DUH DOVR FRPSDQLHV WKDW GRQÛW ă\ URFNHWV
like Made in Space, or my own Deep Space
Industries, that are very clearly designed to
FUHDWH SURĂWV IRU WKHLU LQYHVWRUV DQG WR SURYLGH
technologies and systems that will be part of the
space settlement toolkit. Being able to manufacture
in space and to use space resources are core
elements of the critical path.
Most of these projects have high commercial
SRWHQWLDO \HW PD\ DOVR EHQHĂW IURP JRYHUQPHQW
support. Elon Musk, Bezos, and Robert Bigelow,
along with some of us at the smaller end of this
community, do indeed work with government funds
at times but are also working on commercial projects
and have to follow the rules of business..
SpaceX is a prime example of a highly visible
company that harvested the fruit of many years
of activist policy work to create programmes to
support getting them into space, resulting in they
and others now having the sole responsibility for
supplying and soon carrying staff to and from the
International Space Station (ISS). But SpaceX and
Orbital ATK in particular also exist in a commercial
space launch industry as competitive players.
On the other hand, Elon Musk’s Mars programme
is not really a commercial project though it could
easily become one and, should it succeed, could be
KXJHO\ SURĂWDEOH LQ ZD\V SHUKDSV QRW DQWLFLSDWHG
There is no business plan in the commonly
understood sense because it is a plan to allow people
the chance to go live on Mars as settlers. It is not
GHVLJQHG WR FUHDWH SURĂW IRU LQYHVWRUV ,Q IDFW LW LV
essentially a charitable donation to the future of
humanity that Elon is funding using the proceeds of
KLV RWKHU SURMHFWV 7KLV LV QRW RQO\SHUIHFWO\ĂQHEXW
a necessary part of the mix.
Some people or groups who ride his ships will be
motivated by businesses and a new Martian economy
while others will be interested only in settling or
HVWDEOLVKLQJ FRORQLHV LQ VSDFH 7R WKHVH JURXSV SURĂW
ZLOO EH GHĂQHG LQ RWKHU ZD\V RU EH D UDWLRQDOH DURXQG
which to build support or acquire funding.
$QG WKHUHLQ OLHV WKH GHĂQLQJ DVSHFW RI WKH VHFRQG
part of revolution. It isn’t all about money. It is about
a dream, an inner drive to explore and expand the
realm of humanity and life beyond the Earth – and
enabling anyone who wishes and does the work the
right to join in and help make it happen.
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At the centre of all of this is one clarion point: we
must let the people go. In the end it is people - not
governments - who will be the occupiers of these
new spaces, new places and new domains.
Supporting, leading to or enabling settlement
must be the core of all new human space initiatives.
It cannot be a veneer or an afterthought. It cannot
be a grudging hand off. It must be baked into the
very philosophy from which all such initiatives and
plans are derived. It must be agreed by all to be the
UHDVRQ ZH JR LQ WKH ĂUVW SODFH
When this is adopted by our governments we will
have a metric, a clear means to measure success,
a re-direction of national investments in space
and the creation of an entirely new partnership
between explorers and scientists on the one hand,
and the frontier movement’s commercial space and
settlement communities on the other.
The global science community must also
embrace the new frontier. In fact, after many years
of resistance due to confusion, fear and lack of
understanding, many in the research and academic
communities are realising this is not an either or
HTXDWLRQ ,W ZLOO EH D PXWXDOO\ EHQHĂFLDO UHODWLRQVKLS
for if we make it easy to get out there we can learn
more, and the more we learn the further we can go.

Thinking evolution
$QG ĂQDOO\ WKHUH DUH WKH SROLF\ PDNHUV OHJDO DQG
academic communities, national and international
regulatory bodies. Already I see an evolution in their
thinking as they respond to the revolution occurring
around them. On the one hand and for most of
history, space exploration has been the domain
of governments, and so most of the treaties and
regulations were designed to restrain nationalistic and
military activities within the cage of the Earth’s gravity,
not to encourage and enable the people themselves to
go out beyond it and do what they want.
The world’s academic, policy and legal experts
are engaged in a vibrant if sometimes quaint and
slightly behind the curve discussion of what all
of this means. Some academics and international
policy bodies are like those a few hundred years
ago, caught in the outmoded teaching of dogmatic
Aristotelian world views even as the Copernican
revolution swirled around them.
They are having a hard time adopting higher level
rationales that are exactly the opposite from those
WKDW KDYH GHĂQHG KXPDQ FXOWXUHIURPWKHGDZQRI
industrial civilisation.
Prime among these is the idea that, while a
VSHFLĂF IUDPHZRUN RI ODZV DQG UHVWULFWLRQV LV
completely necessary to protect life in the closed
system of planet Earth, once we break out into the

dead yet resource-rich realm that is the rest of the
Solar System, the opposite becomes true. And what
is required is to enable rather than restrict industrial
activities, and to encourage large-scale human
development as opposed to trying to control it. It is
literally a paradigm shift – on many levels.
So now we must expand and accelerate this
change - as hard as it is - from old ways of thinking
to new, from the central command economy-driven
programmes of the past, to programmes supporting
people who will build a new future, and from
systems designed to protect the status quo to those
that embrace the idea the status may never be quo
again as we sail out of the closed bubble.
If we do these and the other things, in years to
come this decade will be seen as the beginning of the
Frontier era in space. Moreover, it will be the biggest
and most important shift in the trajectory of the
human species and the life of Earth itself since we
became a species.
%\  WKHUH ZLOO EH SHRSOH RQ WKH 0RRQ 0DUV DQG
LQ WKH IUHH VSDFH EHWZHHQ ZRUOGV 7KH ĂUVW SHUPDQHQW
FRPPXQLWLHV EH\RQG (DUWK ZLOO EH IRXQGHG WKH ĂUVW
harvests of resources and energy from space will
EHJLQ DQG WKH ĂUVW IRUWXQHV EDVHG RQ IURQWLHU UHODWHG
activities in space will be made, and life here at home
will begin to change – for the better.
And yes, as I often say when I end my talks, there
ZLOO EH WUHHV RQ WKH 0RRQ DQG EXWWHUăLHV RQ 0DUV
There will be children living in the free space between
worlds. They will know no bounds, no limitations and
have no fear of the darkness - as they will own it and
see in it not only nothing to fear but view it as the
home of hope, their home, their Frontier.

Traditional
firms and
institutions
will have to
adapt to the
new situation
and the global
science
community
must also
embrace the
new frontier
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A garden setting inside
a giant dome on a future
Mars settlement, by artist
Bryan Versteeg.
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Illustration showing the
proliferation of space
debris around the Earth a rapidly worsening
problem.

Growing space
agency dilemma
ROOM is an open forum for comment and opinion - and actively encourages
contributions. To promote debate, discussion and inspiration we regularly
publish commentaries and opinions by space leaders and those involved
directly or indirectly in aerospace and space exploration. Here, Dr Joseph
Pelton urges space agencies to break away from their traditional comfort
zones and take a lead in helping defend our planet from cosmic hazards.
round the world space agencies have
tight budgets. National legislatures are
pressed for a wide range of vital services.
More recently, private space commerce,
known as ‘new space’ seem to offer lower cost
services. NASA, ESA, CNES, DLR, JAXA, CNSA and
ISRO - among other space agencies - face
questions that include:

A

Joseph N. Pelton
Executive Board
member of the
International
Association for the
Advancement of
Space Safety (IAASS)
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•
•

•

What is your longer term vision,
and key goals?
Shouldn’t you let private space commerce
take over near Earth space activities and just
concentrate on the really hard stuff like deep
space probes?
Why should the public pay for expensive

•

space programmes when there are so many
public unmet needs? or
Should we just concentrate on national
defence when it comes to space?

In short, many see space as a frill - a luxury.
2YHU WKH \HDUV VSDFH RIĂFLDOV KDYH WULHG WR PDNH
the case that space research gave birth to new
technologies and services that aid education,
health care, transportation, energy, chemistry,
materials and more.
Space agencies argue they have stimulated
vital new space services like communications
and defence satellites, remote sensing, space
navigation and weather forecasting. But in
terms of public support, such arguments have
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mostly been a large yawn. It has only been the
big, dramatic and visionary space challenges
that created huge global television audiences
and worldwide media attention. These
accomplishments excite national pride.
Space events like landing astronauts on the
Moon, deploying Russian, US, Chinese and
international space stations, developing entirely
new space vehicles and systems like the Hubble
Space Telescope, the Kepler Space Telescope,
the Rosetta mission to land on a comet, Japanese
missions to the Moon, Indian mission to Mars,
and US probes to Pluto and beyond have brought
space to the attention of the man or woman in the
street. These accomplishments and rocket systems
such as Proton, Soyuz, the H-2, Ariane 5 or the
Space Shuttle have helped the public embrace the
wonder and vision of space.
This article, however, argues that space agencies
should now embrace their most vital mission saving Earth and humanity. This goal is planetary
defence against cosmic hazards. Don’t laugh
became this threat is real, creditable and growing
in size and there is much more that space agencies
can and should do.
The world community writ large is generally
unaware of a basic fact. Humans live on a large
six sextillion ton mud ball that travels at 100,000
km/hr (66,000 mph) around the Sun. As our
world population swells in this century from
seven billion to 12 billion people, our dependence
on complex infrastructure grows. Althpough Van
Allen belts protect us from massive solar storms,
we are becoming more and more vulnerable to
cosmic hazards.
The bottom line is that we, as a rapidly growing
global civilization, are more and more at risk. Solar
storms, asteroid and comet strikes, and orbital
debris problems are all real threats we need to
start taking quite seriously. In a very real sense we
DUH GHDOLQJ ZLWK FRVPLF ĂUH
The National Intelligence Council of the United
6WDWHV LGHQWLĂHG D IXWXUH JLDQW FRURQDO PDVV
ejection as a very likely ‘black swan’ event. A
Lloyd’s of London study concluded that a solar
storm could cause trillions of dollars of damage
to our electrical power grids, pipelines and
information and communications networks with
an inestimable number of fatalities.
As our population continues to grow, as our
dependence on modern infrastructure expands,
and as the changing geomagnetosphere brings
our shields against solar storms to a level that is
only 15 per cent of what it is today, we need to
understand that the world community - and space

agencies in particular - are largely ignoring a giant
risk to life on Earth as we know it.
We really could be facing something like a
massive disaster where a giant megacity like
New York City, Beijing, London, Mexico City
or Sydney could be wiped out, or much worse.
We might within the next century face a massextinction event like the K-T catastrophe that
killed off the dinosaurs and up to 75 per cent of
all species on Earth.
And in virtually all scenarios it will be the space
agencies that will garner the blame for this global
catastrophe. It will be the world’s politicians that
ZLOO TXLFNO\ SRLQW WKH ĂQJHU DW 1$6$ DW (6$ DW
JAXA, at Roscosmos, at the Chinese National Space
Agency or the Indian Space Research Organisation.
They will say the space agencies did not warn
XV VXIĂFLHQWO\ RI WKH GDQJHU QRU VHHN WKH IXQGV
to protect the world community against cosmic
disasters. The time for some action is yesterday.
It is the modern dilemma of space agencies that
they now have the technological know-how to
much better detect a number of different cosmic
hazards. Even more importantly they also have
WKH HYROYLQJ VFLHQWLĂF DQG WHFKQLFDO NQRZOHGJH WR
create preventive systems - so-called planetary
defence mechanisms.
Yet they do not have the legislative mandate
nor the funding to truly cope with the cosmic
hazards that are becoming much more clearly
known and understood. With some vision and
leadership, they would alert world political
leaders that the danger is growing and that

Space
agencies
should now
embrace their
most vital
mission saving Earth
and humanity

A spectacular coronal
mass ejection (CME)
erupts from the Sun’s
solar corona releasing
plasma and magnetic field.
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Since its launch in
October 2016 the Asgardia
space nation initiative has
been overwhelmed with
applications for
citizenship www.asgardiaspace.com

preventive action should be started soon rather
than later.
The key question is whether protecting our
planet against catastrophic loss is more important
than the current agenda for space research. Is an
astronaut to Mars or a colony on the Moon or a
new launch system or satellite more important than
saving Earth? Fortunately, creative thinking and
some synergy aligned with ‘out of the box’ thinking
can combine planetary defence with designing and
deploying space technology and systems that can
also help reveal the mysteries of the universe and
allow space science to be developed as well.
,Q $UWKXU & &ODUNHÛV FODVVLF VFLĂ QRYHO
Rendezvous with Rama (DUWK VSDFH OHDGHUV ĂQDOO\
wise up and launch ‘Safeguard’ to protect Earth - as
of 2077. The question to political and space agency
leaders is: can we realise the extent and nature
of cosmic dangers and pursue opportunities for
creative systems for planetary space defence - now!
Recently, through the leadership of Dr Igor
Ashurbeyli, Chair of the new UNESCO Space
Committee, an unusual step was taken to launch
the new Asgardia space nation. The three prime
objectives of this amazing new effort are: (i) more
access to space by developing nations; (ii) peaceful
XVHV RI RXWHU VSDFH DQG LLL LGHQWLĂFDWLRQ RI
space hazards and global initiatives to undertake
planetary defence.

What the Asgardia space nation can add is a
global megaphone to reach the world’s public
with clear and accurate information about
cosmic hazards
70 ROOM

All the space agencies of the world should
carefully take notice of Asgardia and welcome
this initiative to get the world community excited
about space again as well as making opportunities
available for new space participation to millions of
new people.
7KH RIĂFLDO ODXQFK RQ  2FWREHU  LQ 3DULV
France, of the new Asgardia space nation may
well herald a new era in space activity along with
new forms of global heartfelt involvement in
space activities.
When I signed up on asgardiaspace.com later
that day I was already a member of a 10,000-strong
community of space enthusiasts from around
the world. In just three weeks half a million new
ÚFLWL]HQVÛ KDG HQUROOHGĂYHWLPHVPRUHWKDQWKH
original target.
One might logically ask what something like the
Asgardia space nation can do to promote better
awareness of cosmic hazards and new planetary
defence initiatives? After all, many organisations
- such as the Secure World Foundation, the
International Association for the Advancement
of Space Safety (IAASS), the Association of Space
Explorers, the B612 Foundation, NASA’s JPL cosmic
hazards programmes, ESA’s Earthguard programme,
the UN COPUOS Working Group on the Long
Term Sustainability of Outer Space Activities, the
International Asteroid Warning Network (IAWN), the
Space Mission Planning Advisory Group (SMPAG),
and the International Academy of Astronautics
with its annual Conference on Planetary Defense,
among many others - are all already concerned
with cosmic hazards and planetary defence. What I
believe the Asgardia space nation can add is a global
megaphone to reach the world’s public with clear
and accurate information about cosmic hazards.
Indeed, Asgardia could also promote new
research into possible protective programmes
that could provide planetary defence against
coronal mass ejections, asteroid strikes,
geomagnetic shifts, and even new ways to
address orbital debris problems.
For too long the assumption has been made that
WKH FRPSOH[LW\ DQG GLIĂFXOW\ RI FRVPLF KD]DUGV DUH
beyond the kin of human science. This is not true.
We are now evolving the technology that can save
Earth from the fate of the dinosaurs. Sci-Fi writer
Larry Niven’s famous quote from decades ago is
still relevant today: “The dinosaurs became extinct
because they didn’t have a space programme. And
if we become extinct because we don’t have a
space programme, it’ll serve us right!”
The problem is that the space agencies today
still have inadequate programmes for viable space
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How a six-mile-wide
meteor might appear
seconds before
impacting Earth.

defence of our planet. These programmes are
inadequate both in terms of research to understand
and detect cosmic hazards, and even more lacking
in their ability to provide protection to humanity.
So what should the space agencies of the
world be doing? The chart on this page is a draft
‘Manifesto on Cosmic Hazards and Planetary
Defence’ that outlines critical next steps forward
to save humanity from real cosmic hazards.
It only addresses the most urgent problems that
could arise - even within the next decade. NASA
calculations have suggested that there is greater
than a 10 per cent chance of a major solar coronal
mass ejection (CME) catastrophic event within the
next decade. For the longer term there are other
issues that will be added. Perhaps, in time the
Earth should be gradually moved further from the
Sun as it expands in size.
Ironically, on 13 October 2016, the Obama White
House took formal note of the problem. The US
President issued a new Executive Order concerning
Space Weather noting the importance of cosmic
hazards and outlined the responsibilities of the
Department of Homeland Security, the Department
of Defense, the National Science Foundation and

NASA, among others, to address the problem of
solar storms. This is an important step forward and
one that other countries around the world might
look to as a model to consider. This, however, just
WKH VWDUW RI D SURFHVV DQG IDU IURP LWV ĂQLVK
One of the missions of the new Asgardia space
nation should be to help perfect this manifesto
in cooperation with the other organisations and
DJHQFLHV LGHQWLĂHG DERYH ,WV PRVW YLWDO UROH ZRXOG
then to be to energise the hundreds of thousands
of ‘citizens’ of the Asgardia space nation to make
sure that funding necessary to protect Earth and
humanity from very real cosmic hazards is provided.
Everyone needs to think of Earth as a cosmic
apple travelling through space with only the very
thin skin of planetary shielding protecting it from
disaster. As our population expands and modern
infrastructure grows we become more and more
vulnerable. Now is the time to act.

The key
question
is whether
protecting our
planet against
catastrophic
loss is more
important than
the current
agenda for
space research
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Manifesto on cosmic hazards and planetary defence
Greater detection abilities and
understanding of cosmic threats

Development of protective systems against
solar storms and cosmic radiation

This must include new research on solar storms,
solar Max/Min cycles, CME destructive effects
on the power grid, pipelines, satellites and ICT
networks, geomagnetic shifts, Van Allen belt
protective shielding, and differences between
electromagnetic pulses from thermonuclear
devices and solar events.

It is now possible to consider space shielding systems that can
protect Earth from excessive solar radiation and CMEs, such as
magnetic or lens systems at Lagrange Point 1 or perhaps even
artificial magnetic effects at the Earth’s poles. This must involve
world space and scientific agencies in cooperation with research
institutes, universities, and non-governmental organisations.

Development of asteroid and comet
detection and protection systems
This must include infrared space telescopes that can
detect potentially hazardous asteroids and comets
down to 30 m in size and accelerated research in
cooperation with IAWN and SMPAG to be able to
divert ‘city killer’ (30 m and above) cosmic threats.

Other planetary defence efforts
There are other cosmic hazards such as proliferation of space
debris, anti-matter events, etc. that should also be
addressed. More stringent measures to avoid the
buildup of space debris to avoid the Kessler
Syndrome that could deny us access
to space and other efforts to
should be undertaken.
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Planetary nebulae
may hold clue
in search for
helium-3

Dr Lizette GuzmanRamirez
Leiden Observatory,
The Netherlands
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When scientists began to calculate how much helium-3 (3He - the main
helium isotope) there is in the Universe they stumbled upon a problem. As
a primordial nuclide, 3He was forged shortly after the Big Bang. It is also
produced through nuclear reactions in the cores of stars and subsequently
expelled into the interstellar medium. Considering that the first stars
formed around 200 million years after the Big Bang, a significant amount of
3
He should now be scattered throughout the Galaxy. However, this does not
appear to be case. Scientists are now turning to planetary nebulae to help
solve the missing 3He problem.
ur Universe has been evolving for 13.8
billion years and throughout this epoch
many stars have formed and ended their
lives, enriching the interstellar medium
and in turn the Universe with elements that make
up everything we see around us today.
2QO\ WKH ĂUVW IHZ RI WKH OLJKWHVW HOHPHQWV RQ
the periodic table have been around since the

O

beginning - helium and its isotopes (helium-3,
also known as 3He), small amounts of deuterium
(D) and a very small amount of the lithium isotope
(7/L  7KHVH HOHPHQWV ZHUH IRUPHG LQ WKH ĂUVW 
VHFRQGV WR  PLQXWHV DIWHU WKH %LJ %DQJ LQ D
process known as nucleosynthesis, when freeăRDWLQJ SURWRQV DQG QHXWURQV ERQGHG WRJHWKHU WR
produce atoms of increasing mass. Essentially all

ESA/Garrelt Mellema (Leiden University, The Netherlands)

Space Science

of the elements that are heavier than lithium were
created much later, by stellar nucleosynthesis in
evolving and exploding stars.
Nonetheless, using only the current density
of baryonic matter, it is possible to work out
KRZ PXFK RI RQH HOHPHQW ZDV ĂUVW SURGXFHG
in the Universe’s early history and it turns out
that for 3He, for example, the abundance relative
WR K\GURJHQ LV DURXQG -5. While scientists
GR QRW KDYH D SUREOHP ZLWK WKLV ĂJXUH ZKHQ
calculated, they do have a problem with how much
3
He should be in the Universe today - and in the
case of this infamous isotope, the numbers do not
quite add up.
3

He - where else does it come from?

Stellar evolution models predict that stars with
masses less than 2.5 the mass of the Sun should
produce 3He. At the end of their tumultuous lives,

these low mass stars end up as a planetary nebula,
ejecting any (or all) of the 3He produced via nuclear
reactions taking place in the star’s core. The
models predict that the amount of 3He that should
EH SURGXFHG UHODWLYH WR K\GURJHQ LV DURXQG -4.
As would be expected, as the Universe ages and
stellar populations grow, and as more and more
stars pass into ‘old age’ their ejected envelopes
should in principle enrich the interstellar medium
with the elements forged inside their cores. Taking
into account the number of stars that produce 3He
and the timescales involved, the numbers tell us
that the 3He abundance in the Galaxy right now,
VKRXOG EH DW OHDVW D IDFWRU RI ĂYH KLJKHU WKDQ ZKDW
it was after the big bang nucleosynthesis.
To corroborate these numbers with actual
abundances of 3He scattered throughout the
Universe, 3He is measured in a number of different
astrophysical environments. HII regions are places
where stars form and are therefore comparatively
young objects compared with the age of the
Universe. These represent zero-age objects and
their 3He abundance is the result of 13.8 billion
years of Galactic chemical evolution. Another
preserver of 3He is the Solar System. Our solar
backyard traces the abundances of 3He at the time
of its formation 4.6 billion years ago.
Observed values of 3He in pre-solar material
and the interstellar medium (ISM) imply that the
abundance of this isotope (relative to hydrogen)
VKRXOG EH DURXQG   -5 7KLV ĂJXUH FRXSOHG
with that from the ISM are approximately
WZLFH WKDW RI WKH %LJ %DQJ QXFOHRV\WKHVLV YDOXH
implying that the 3He abundance has increased
only a little in the last 13.8 billion years. Indeed,
predictions obtained from stellar models show
that the current 3He abundance should be around
  -5 - substantially higher than observed.
7KHUHLQ OLHV D SUREOHP DQG WKLV GLVFUHSDQF\ ĂUVW
SUHVHQWHG RYHU \HDUVDJRDQGNQRZQDVÚ7KH
3
He Problem’.

Can we fix it?
There are a number of solutions that could be
invoked to overcome this problem and help
reduce the predicted abundances of 3He. First,
some researchers suggest that the 3He formed
inside the core of the stars is destroyed before
the star has chance to pulsate and eject its
material into the interstellar medium. Second, it
is possible stars do produce 3He and release it to
the interstellar medium but that it is destroyed
via processes such as spallation from cosmic rays.
At present, this latter theory is totally speculative
and has yet to be tested, so it is unknown as to

Huge waves are
sculpted in this two-lobed
nebula some 3000
light-years away in the
constellation of
Sagittarius. This warm
planetary nebula
harbours one of the
hottest stars known and
its powerful stellar winds
generate waves 100
billion km high. The
waves are caused by
supersonic shocks,
formed when the local
gas is compressed and
heated in front of the
rapidly expanding lobes.
The atoms caught in the
shock emit the
spectacular radiation
seen in this image.

Scientists have
a problem with
how much 3He
should be in
the Universe
today
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ZKLFK LV WKH ĂQDO HYROXWLRQDU\ SKDVH RI ORZ DQG
intermediate-mass stars, where the extensive
mass lost by the star is ionised by the emerging
white dwarf. During this stage, the ejected
envelopes of the star often create stunning and
complex nebula that can take on forms from
EXEEOHV WR EXWWHUăLHV  WKH EXWWHUă\ RU EXJ QHEXOD
1*&  LV D FODVVLF H[DPSOH RI KRZ VWHOODU
winds can shape the shell of diffuse gas into a
beautiful structure, before dispersing elements
into the surrounding ISM.
Finding and calculating the abundance of 3He is
a complicated task; it can only be derived from the
K\SHUĂQH WUDQVLWLRQ RI LRQLVHG 3He (represented as
3
He+) and this transition can only be observed in
the radio portion of the electromagnetic spectrum
at the rest frequency of 8.665 GHz.
Unfortunately, this transition is not very
common, making the line very weak, hence
detecting 3He+ in planetary nebulae challenges the
sensitivity limits of all existing radio telescopes.

NASA/ESA/Hubble

Hunt for the 3He+ emission

The bright clusters and
nebulae of planet Earth’s
night sky are often named
after flowers or insects, as
with the ‘Butterfly Nebula’
(NGC 6302), which has a
‘wingspan’ covering over
three light-years.

Finding and
calculating
the abundance
of 3He is a
complicated
task
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whether this mechanism destroys 3He in this
manner or not.
Nonetheless, there are no such limitations on
WKH ĂUVW WKHRU\ DV VWHOODU PRGHOV KDYH EHHQ XVHG
to test if and how low-mass stars could destroy
their 3He before they reach their last stages of
stellar evolution. It turns out that, after lots of
PRGLĂFDWLRQV WR WKH PRGHOV LQFOXGLQJ DGGLQJ
extra mixing in a phase known as the red giant
branch stage, surface abundances of 3He are
affected and the degree to which 3He is destroyed
is dependent on the mass of the star.
(VWLPDWHV VKRZ WKDW ZKLOH  SHU FHQW RI WKH 3He
LV GHVWUR\HG LQ RQH VRODU PDVV VWDUV RQO\  SHU
cent is destroyed in a two solar mass star model,
depending on the speed of mixing. Therefore, stars
with masses between two and 2.5 solar masses will
still be the net producers of 3He and a large portion
of it will not be destroyed in the core. Consequently,
LQ D VWDUÛV ĂQDO VWDJH RI HYROXWLRQ VRPH 3He should
be preserved and ejected to the ISM.
One way to test whether 3He is expelled from
a dying star is to look for it in a planetary nebula,

A whole host of radio telescopes and hundreds
of hours observing time have been involved with
trying to detect this line, including telescopes
VXFK DV WKH (IIHOVEHUJ P GLVK WKH 1DWLRQDO
5DGLR $VWURQRP\ 2EVHUYDWRU\ 15$2 IRRW
telescope, the NRAO Very Large Array, the Arecibo
DQWHQQD WKH *UHHQ %DQN 7HOHVFRSH DQG RQO\ MXVW
recently, the Deep Space Station 63 antenna from
the Madrid Deep Space Communications Complex.
All have met with limited success, except with
this latter array whereby 3He+ was observed in the
planetary nebula IC 418.
Some positive developments have been
forthcoming, and the analysis of spectra from six
planetary nebulae (NGC 3242, NGC 6543, NGC
 1*&  1*&  DQG ,&   XVLQJ
(IIHOVEHUJ $UHFLER DQG *UHHQ %DQN 7HOHVFRSH KDV
yielded results that show the abundance of 3He
ZLWK UHVSHFW WR K\GURJHQ DV EHLQJ D IHZ [ -4.
Not all searches have proved fruitful, however.
After another batch of observations using the Very
Large Array, totalling yet more hundreds of hours,
three promising planetary nebulae candidates - IC
 1*&  DQG 1*& VKRZHGQRVLJQRI
the elusive 3He atom.
So, after more than two decades of looking,
researchers can count on one hand the number of
REMHFWV ZLWK VXIĂFLHQWO\ ODUJH HQRXJK TXDQWLWLHV RI
3
+H WR EH GHWHFWHG  - 1*&  DQG ,& 
On the plus side, these limited detections have
provided researchers with a number of aspects
that need further consideration:
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•

•

the derived 3He+ abundance found is
well above model expectations for all
WKUHH SODQHWDU\ QHEXODH 7KLV FRQĂUPV
that stars do produce and release 3He
into the interstellar medium
the 3He+ OLQH SURĂOH VKDSH IRU DOO WKH
three objects differs from what is
expected and shows a double peak
instead of a gaussian line shape. All
of the recombination lines that are
seen in the same object with the same
telescope are gaussian, but for some
reason, the 3He line is not. This is
the same for the other two planetary
nebulae where this element has also
been detected and it has therefore
prompted an explanation as to why
this might be the case.

7KH GRXEOHSHDNHG SURĂOH FRXOG DULVH EHFDXVH WKH
telescope beam does not cover the whole planetary

One way to
test whether
3
He is expelled
from a dying
star is to
look for it in
a planetary
nebula

nebulae, meaning that the beam size of the telescope
is smaller than the size of the planetary nebulae.
7KH GRXEOHSHDNHG SURĂOH FRXOG DULVH EHFDXVH WKH
telescope beam does not cover the whole planetary
nebulae, meaning that the beam size of the telescope
is smaller than the size of the planetary nebulae.
However, it is has been proposed that a low density
but high mass halo surrounding the planetary nebulae
is the more likely scenario and this would also result in
D GRXEOHSHDNHG OLQH SURĂOH VKDSH >%DOVHU HW DO @
This suggestion can at least be substantiated, as
SUHYLRXV REVHUYDWLRQV RI ERWK - DQG 1*& 
show that along with their double peaked 3He
SURĂOHV ERWK REMHFWV DOVR KDYH KDORHV ,Q WKH FDVH
of NGC3242, its halo is possibly as large as 18 by 24
arc minutes in diameter. This equates to about eight
parsecs and, to put that in context (as the distance
from here to our nearest star is 1.3 parsecs), the
halo diameter is massive to say the least.
Whether helium in such a halo could be photoionized by the star is not clear. Analysis of the

The 100-m radio telescope of the
Max-Planck-Institut für
Radioastronomie (MPIfR) is located
in a protected valley near Bad
Münstereifel-Effelsberg, Germany.
It is one of the two largest fully
steerable single-dish radio
telescopes in the world and a
unique high-frequency radio
telescope in Europe.
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Planetary nebula NGC
3242, also known as the
‘Ghost of Jupiter’. A
notable feature is the
presence of the two red
‘fliers’ on both poles of
the nebula, the gas
comprising these objects
is believed to be younger
and moving at a much
faster rate than that of
the nebula.

structure of NGC 3242 shows that the planetary
nebulae has an inner shell and an outer elliptical
envelope, but the inner shell is optically thick to
He+ ionizing photons, meaning that the photons
will be trapped in the inner shell, making it
GLIĂFXOW IRU WKHP WR HVFDSHDQGLRQLVHDWRPVLQWKH
larger outer shell.

Where to go from here
The values observed in these objects prove that
He is produced at the centre of low-mass stars
and is ejected into the interstellar medium at the
end of their lives. However, the large amounts
of 3He produced in these models is at odds with
the abundance of 3He observed in the interstellar
medium and the Solar System.
The contribution of planetary nebulae to the 3He
abundance is crucial for understanding the Galactic
chemical evolution and further research on other
planetary nebulae will be needed to solve the 3He
problem, which is compounded by its extremely
weak emission making it hard to detect.
At present, there is only one transition that can
be detected and this is at 8.6GHz which falls in the
radio portion of the electromagnetic spectrum.
Not many telescopes or arrays have the sensitivity
required to observe this elusive element, though
hopefully this will soon change.

Artists rendition of the
SKA-mid dishes in Africa
shows how they may
eventually look when
completed. The 15 m wide
dish telescopes, will
provide the SKA with some
of its highest resolution
imaging capability,
working towards the
upper range of radio
frequencies which the SKA
will cover.

Danny LaCrue/ESA/ESO/NASA

3

One array that has the sensitivity required to
observe lots of planetary nebulae but in a much
shorter time compared with any radio telescope
that exists now is the Square Kilometre Array
(SKA). The SKA is an international project that
it is currently in development in Australia and
South Africa, and will be the world’s largest and
most sensitive radio telescope. Construction of
WKH 6.$ LV VFKHGXOHG WR EHJLQ LQ  IRU LQLWLDO
REVHUYDWLRQV E\  :LWK D WRWDO FROOHFWLQJ DUHD
of approximately one square kilometre, its size
ZRXOG PDNH LW  WLPHV PRUH VHQVLWLYH WKDQ DQ\
other radio instrument, making it the ideal tool to
help solve the 3He problem.
About the author
Dr Lizette Guzman-Ramirez is a post-doctoral researcher in
astrophysics, a European Southern Observatory (ESO) Fellow at Leiden
Observatory in The Netherlands and a member of the ALMA Arc node
(Allegro). Her research interests include stellar evolution, chemical
enrichment of the Galaxy, and formation of molecules in low-mass stars.

After more than two decades
of looking, researchers can
count on one hand the number
of objects with sufficiently
large enough quantities of 3He
to be detected
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ROSETTA AND PHILAE

Outstanding climax to pioneering mission

Paolo Ferri concludes his unique and personal view of the ground-breaking
ESA Rosetta mission based on his two decades-long association with the
pioneering ESA space mission. In the fourth in his series of exclusive articles
for ROOM, he recalls the challenging and unexpected events after Rosetta’s
arrival at Comet 67P/Churyumov-Gerasimenko, the first ever deployment of a
lander on a comet’s surface, and the mission’s final spectacular conclusion.
he long years of hibernation, out of
contact with Rosetta, were spent
completing the preparation for the comet
SKDVH RI WKH PLVVLRQ GHĂQLQJ RSHUDWLRQV
concepts, designing and testing software tools and
procedures, hiring and training the newcomers in
WKH ăLJKW FRQWURO WHDP 1HYHU EHIRUH LQ WKH KLVWRU\
of space exploration had a space probe reached a
FRPHW DQG WULHG WR RUELW DURXQG LW
7KH ăLJKW G\QDPLFV DQG RYHUDOO ăLJKW RSHUDWLRQV
challenges were huge: we had to gradually
DSSURDFK WKH WDUJHW FRPHW DQG WKHQ WU\ DQG ă\
around it while building up our knowledge of
WKH QXFOHXV DQG LWV G\QDPLFDO HQYLURQPHQW 2XU
Flight Dynamics colleagues had prepared a model
of the comet, including its mass, shape and the

T

dynamical forces that would act on our spacecraft,
and integrated it into the orbit determination
VRIWZDUH +RZHYHU WKH PRGHO FRXOG RQO\ EH EXLOW
XS DQG UHĂQHG E\ XVLQJ WKH 5RVHWWD VSDFHFUDIW
LWVHOI DV D ÚVHQVRUÛ RI WKH G\QDPLF SHUWXUEDWLRQV ,W
ZDV DQ LWHUDWLYH SURFHVV WKDW FRXOG RQO\ VWDUW ZKHQ
we were in proximity of the nucleus: it was like
OHDUQLQJ WR ă\ E\ GRLQJ LW
,Q WKH PHDQWLPH 0DQIUHG :DUKDXW WKH ĂUVW
ground segment manager of Rosetta back in
1996 when the project started, and since 2006
+HDG RI WKH 0LVVLRQ 2SHUDWLRQV 'HSDUWPHQW
DW (62& UHWLUHG DQG , WRRN KLV SODFH $V
KDG DOUHDG\ KDSSHQHG EDFN LQ  $QGUHD
$FFRPD]]R ZDV VHOHFWHG WR ĂOO WKH SRVW , KDG
OHIWYDFDQWDQGEHFDPH+HDGRIWKH6RODUDQG

All pictures in this
article credited to: ESA/
Rosetta/Philae/Civa/
OSIRIS Team/ MPS/ UPD/
LAM/ IAA/ RSSD/ INTA/
UPM/ DASP/ IDA

Paolo Ferri
Head of Mission
Operations, ESOC,
Darmstadt, Germany
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6\OYDLQ ZLWK KLV WHDP $QGUHD 0DQIUHG
myself and a few others were eagerly waiting
IRU WKH VLJQDO LQ WKH PDLQ FRQWURO URRP ,Q
another building, our communications people
KDG RUJDQLVHG DQ HYHQW ZLWK (6$ PDQDJHPHQW
9,3V DQG SUHVV :H ZHUH VXUSULVHG E\ WKH ODUJH
attention the wake up of Rosetta had attracted
DURXQG WKH ZRUOG DQG WKLV LQFUHDVHGWKHOHYHORI
WHQVLRQ LQ WKH RSHUDWLRQV WHDP

Waiting for a signal

3ODQHWDU\ 0LVVLRQV 'LYLVLRQ DV VXFK DOVRWDNLQJ
XS WKH 5RVHWWD )OLJKW 'LUHFWRU UROH
,W ZDV KDUG IRU PH WR OHDYH WKH DFWLYH
RSHUDWLRQV UROH RQ P\ EHORYHG PLVVLRQ EXW
, NQHZ , OHIW LW LQ JRRG KDQGV DQG DIWHU DOO ,
was still in charge of mission operations for
the managerial aspects, as part of my new
UHVSRQVLELOLWLHV 7R ILOO LQ IRU $QGUHDÛV IRUPHU
UROH DV 5RVHWWD 6SDFHFUDIW 2SHUDWLRQV 0DQDJHU
ZH VHOHFWHG 6\OYDLQ /RGLRW ZKR KDGFRPHEDFN
WR WKH WHDP D IHZ \HDUV HDUOLHU
2Q  -DQXDU\  WKH PRPHQW RI WUXWK DUULYHG
Rosetta was back at Sun distances short enough
WR DOORZ XV WR VDIHO\ UHDFWLYDWH DOO LWV V\VWHPV DQG
UHHVWDEOLVK SHUPDQHQW UDGLR FRQWDFW ZLWK (DUWK
:H VHW 5RVHWWDÛV ZDNHXS WLPHUV IRU  87&
RQERDUG WLPH 7KH WLPHUV ZRXOG DXWRPDWLFDOO\
LQLWLDWH D VHULHV RI DFWLYLWLHV RQ WKH VSDFHFUDIW
LQYROYLQJ WKH ZDUP XS RI YDULRXV XQLWV VWRSSLQJ
the rotation, acquiring the stars and three-axis
stabilisation, directing the high gain antenna
WRZDUGV (DUWK DQG DFWLYDWLQJ WKH WUDQVPLWWHU
2QO\ DW WKH HQG RI WKLV VHTXHQFH WKDW ZH
HVWLPDWHG WR ODVW DERXW VL[ KRXUV ZRXOG ZH UHFHLYH
the long-awaited signal from the spacecraft,
indicating that it was still there, healthy and
UHDG\ WR SHUIRUP LWV IDQWDVWLF PLVVLRQ $W WKLV
time Rosetta was at about 800 million km from
(DUWK VR WKH UDGLR VLJQDO ZRXOG WDNH DOPRVW 
PLQXWHV WR UHDFK XV 2YHUDOO WDNLQJ LQWR DFFRXQW
WKH XQFHUWDLQWLHV LQ DOO WKH DXWRPDWLF DFWLYLWLHV
DQG WKH SRVVLEOH GULIW RI WKH RQERDUG FORFNV RYHU
 \HDUV ZH FDOFXODWHG WKDW ZH ZRXOG UHFHLYH WKH
ĂUVW VLJQDO EHWZHHQ DQGORFDOWLPHLQ
'DUPVWDGW*HUPDQ\
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Perihelion jet.

Never before
in the history
of space
exploration
had a space
probe reached
a comet and
tried to orbit
around it

Close flyby.

7ZR 1$6$ 'HHS 6SDFH 1HWZRUN  P DQWHQQDV 
*ROGVWRQH LQ &DOLIRUQLD DQG &DQEHUUD LQ $XVWUDOLD
- were pointed to the place in the sky where
5RVHWWD ZDV SUHGLFWHG WR EH ZDLWLQJ IRU WKH VLJQDO
, ZDV QHUYRXV DOO WKH WLPH ZKLOH $QGUHD 0DQIUHG
DQG PRVW RI WKH RWKHUV ORRNHG YHU\ UHOD[HG DW WKH
EHJLQQLQJ %XW WLPH ZHQW RQ DQG DW  ZH VWLOO
KDG QR VLJQDO , FRXOG VHH WKH WHQVLRQ JURZLQJ DQG
found myself mentally counting the seconds to the
HQG RI WKH ZLQGRZ
0\ 'LUHFWRU 7KRPDV 5HLWHU VLWWLQJ LQ WKH 3UHVV
HYHQW ZDV ERPEDUGLQJ PH ZLWK WH[W PHVVDJHV
WU\LQJ WR JHW P\ IHHOLQJV DERXW WKH VLWXDWLRQ ,
managed to keep cool, at least in my responses,
not showing the unbearable tension that was
JURZLQJ LQVLGH PH , NQHZ WKDW DW  , ZRXOG
KDYH KDG WR JR RQ WKH HYHQW DQG H[SODLQ WR WKH
DXGLHQFH ZK\ ZH KDG QRW UHFHLYHG D VLJQDOã $W
 YHU\ FORVH WR WKH HQG RI WKH SUHGLFWHG RQH
hour window, a small feature slowly appeared in
WKH VSHFWUXP DQDO\VHUV RI WKH JURXQG VWDWLRQV ,W
was small, but it was present in both stations and
LW VHHPHG WR FRQVWDQWO\ JURZ ,W WRRN DERXW RQH
minute for us to realise: it was real, it was a signal
IURP RXU VSDFHFUDIW LW ZDV 5RVHWWD FDOOLQJ KRPH
,QWKHQLJKWIROORZLQJWKHZDNHXSWKHWHDP
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FRQĂJXUHG WKH VSDFHFUDIW WR LWV QRUPDO ăLJKW
mode and looked at the few telemetry indications
ZH KDG IURP WKH ORQJ KLEHUQDWLRQ SHULRG ,W
turned out that due to a software problem a
re-boot of the on-board computer had occurred
back in 2012, and a second one at the start of the
KLEHUQDWLRQ H[LW VHTXHQFH 7KLV H[SODLQHG WKH
delay in the reception of the wake-up signal, the
ORQJHVW  PLQXWHV LQ P\ SURIHVVLRQDO OLIH
1RZ ZH KDG GDLO\ FRQWDFW DQG PRVW RI WKH
VHYHQ ELOOLRQ NP MRXUQH\ EHKLQG XV %XW WKH ĂQDO
DSSURDFK WR WKH FRPHW ZDV VWLOO ORQJ )LUVW ZH KDG
WR JUDGXDOO\ DFWLYDWH DOO LQVWUXPHQWV RQERDUG RQH
DW D WLPH GXH WR WKH YHU\ VORZO\ LQFUHDVLQJ SRZHU
output of the solar array while the distance to
WKH 6XQ ZDV GHFUHDVLQJ 7KHQ ZH KDG WR SHUIRUP
WKH VHFRQG SDUW RI WKH UHQGH]YRXV PDQRHXYUH WR
ĂQDOO\ PDWFK WKH FRPHW RUELW ,W ZDV RQO\ RQ WKH
 0DUFK WKDW D ĂUVW SLFWXUH RI WKH WDUJHW FRPHW
FRXOG EH WDNHQ ZLWK WKH 26,5,6 VFLHQWLĂF FDPHUD
,W ZDV VWLOO MXVW D GRW EXW SV\FKRORJLFDOO\ LW ZDV D
YHU\ LPSRUWDQW PRPHQW IRU WKH ZKROH WHDP LW ZDV
like seeing land in the distance after a 10 yearORQJ RFHDQ FURVVLQJ WULS
2QO\ LQ -XO\ DW D GLVWDQFH RI  NP IURP
WKH WDUJHW FRXOG WKH RQERDUG FDPHUDV UHVROYH
the shape of the comet: and this was a huge
VXUSULVH DV ZH IRXQG D YHU\ RGG UXEEHUGXFN
shaped object instead of the expected usual
SRWDWR VKDSH 7KH VFLHQWLVWV VWDUWHG VSHFXODWLQJ
about the formation process of such object, while
our operations team was concerned about the
GLIĂFXOWLHV RI PRGHOOLQJ DQG RUELWLQJLW

Preparations for landing

Rosetta views of comet
on 20 July 2014 and (right)
Philae lander contact
signal in June 2015.

Waiting for Rosetta’s
signal at hibernation exit
on 20 January 2014.

WR GHWHUPLQH WKH SRVLWLRQ DQG YHORFLW\ RI WKH
VSDFHFUDIW UHODWLYH WR WKH VXUIDFH  DOVR GHYHORSHG
IRU WKH ĂUVW WLPH IRU WKLV SKDVH RI WKH PLVVLRQ 7KLV
was initially a manual process, that they managed
WR SURJUHVVLYHO\ DXWRPDWHLQWKHĂUVWPRQWKV
DURXQG WKH FRPHW
7KH ĂQDO FKDUDFWHULVDWLRQ SKDVH ZDV D FORVH
REVHUYDWLRQ RI VHYHUDO FDQGLGDWH ODQGLQJ VLWHV IRU
3KLODH 7KH VHOHFWLRQ RI WKH ODQGLQJ VLWH LQYROYLQJ WKH
VFLHQWLĂF FRPPXQLW\ DQG WKH ODQGHU H[SHUWV ZDV
extremely complex but the process ran much more
VPRRWKO\ WKDQ H[SHFWHG DQG UDSLGO\ FRQYHUJHG
RQ WKH ZLQQLQJ FDQGLGDWH $JLONLD RQ WKH ÚKHDGÞ RI
WKH GXFNVKDSHG QXFOHXV $ QLFH UHODWLYHO\ ăDW DQG
sunny area, where the chances of landing success
ZHUH WKH KLJKHVW WKRXJK VWLOO QRW H[WUHPHO\ KLJK 
/DQGLQJ KDG WR RFFXU QRW HDUOLHU WKDQ 
1RYHPEHU ZKHQ WKH FRPHW DQG 5RVHWWD ZRXOG
approach the Sun down to a distance of three
$VWURQRPLFDO 8QLWV $8  RU DERXW  PLOOLRQ NP
%XW DOVR QRW PXFK ODWHU WKDQ WKDW GDWH VLQFH WKH
DFWLYLW\ RI WKH FRPHW DSSURDFKLQJ WKH 6XQ ZRXOG
VRRQ VWDUW WR JURZ SUHYHQWLQJ 5RVHWWD IURP ă\LQJ
WKH WUDMHFWRULHV QHHGHG IRUWKHGHOLYHU\RIWKH
ODQGHUWRWKHVXUIDFH

Philae landing site
image from a height of
arpound 10 km.

2Q  $XJXVW ZH ÚVWRSSHGÛ WKH VSDFHFUDIW DW D
GLVWDQFH RI  NP 7KH FKDUDFWHULVDWLRQ SKDVH
had begun, with orbits that gradually decreased
WKH GLVWDQFH DQG PDSSHG WKH ZKROH VXUIDFH :KLOH
the scientists were enthusiastically analysing
WKH LQLWLDO SLFWXUHV DQG PHDVXUHPHQWV RXU ăLJKW
dynamics experts worked day and night to keep
the spacecraft on the right trajectory and with the
right pointing, while their models of the comet
JUDGXDOO\ LPSURYHG LQ DFFXUDF\ DQG VWDELOLW\
7KH\ XVHG QHZ RSWLFDO QDYLJDWLRQ WHFKQLTXHV
- identifying landmarks on the camera pictures
of the comet and using them for triangulations
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Fortunately, the radio signal to Rosetta was
QHYHU LQWHUUXSWHG DQG DIWHU PRUH WKDQ WZR KRXUV
Philae came to a rest in a dark corner, trapped by
VRPH H[WUHPHO\ LQWHUHVWLQJ FRPHW VXUIDFH ÚURFNVÛ
7KH ODQGHU KDG EHHQ FOHYHUO\ GHVLJQHG WR UXQ IRU
about 60 hours on a primary battery, and execute
LWV PDLQ VHTXHQFH RI DOO H[SHULPHQWV $QG LW GLG
VR ZH KDG ĂYH FRQWDFWV ZLWK 5RVHWWD RI DERXW
two hours each in the next two days (one contact
HYHU\  KRXUV GXH WR WKH FRPHW URWDWLRQ SHULRG 
GRZQORDGLQJ DOO WKH VFLHQWLĂFGDWDFROOHFWHGE\WKH
/DQGHU LQVWUXPHQWV

Philae falls silent

Flight directors after
Philae landing.

Selection of
the landing
site, involving
the scientific
community
and the lander
experts, was
extremely
complex
but the
process ran
much more
smoothly than
expected

The famous Rosetta
‘selfie’ showing the
mothercraft’s solar array
with the comet above.
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)LQDOO\ ZH ZHUH DOO UHDG\ IRU  1RYHPEHU WKH
VHOHFWHG ODQGLQJ GD\ 7KH QLJKW EHIRUH VHSDUDWLRQ
ZKLFK ZDV SODQQHG IRU  LQ WKH PRUQLQJ
'DUPVWDGW WLPH WKH 3KLODH ODQGHU ZDV DFWLYDWHG
and prepared for the process, and we started to
H[SHULHQFH WKH ĂUVW SUREOHPV WKH SULPLQJ RI WKH
cold gas thruster that our colleagues from the
/DQGHU &RQWURO &HQWUH LQ &RORJQH KDG SODQQHG
to use to press Philae to the surface after touch
GRZQ GLG QRW ZRUN $OVR WKH FRQGLWLRQLQJ RI
3KLODHÛV EDWWHULHV GLG QRW ZRUN DV SODQQHG
1HYHUWKHOHVV RXU &RORJQH FROOHDJXHV FRQFOXGHG
that these problems were either not important
RU QRW VROYDEOH DQG GHFODUHG 3KLODH UHDG\ IRU
ODQGLQJ ,Q WKH PHDQWLPH 5RVHWWDÛV QDYLJDWLRQ ZDV
perfect, and the spacecraft performed a smooth
PDQRHXYUH WR GLYH WRZDUGV WKH FRPHW EHIRUH
UHOHDVLQJ WKH ODQGHU IRU LWV EDOOLVWLF GHVFHQW :H
were ‘go’ for separation, which was commanded
DV SODQQHG $IWHU WKDW 5RVHWWD PDQRHXYUHG WR D
JRRG YLVLELOLW\ SRVLWLRQ DQG WXUQHG WRZDUGV 3KLODH
SLFNLQJ XS LWV UDGLR VLJQDO WR UHOD\ LW WR (DUWK
3KLODH IHOO IRU WKH SODQQHG VHYHQ KRXUV IURP DQ
DOWLWXGH RI  NP DQG DW  WRXFKHG GRZQ
ZLWKLQ  VHFRQGV IURP WKH SUHGLFWHG WLPH DQG
less than 120 m away from the centre of the large
ODQGLQJ HUURU HOOLSVH D PDVWHUSLHFH RI QDYLJDWLRQ
E\ RXU ăLJKW G\QDPLFV H[SHUWV DQG RXU JUHDW
VSDFHFUDIW DQG LWV SURSXOVLRQ V\VWHP
%XW 3KLODH GHFLGHG WR NHHS XV IXUWKHU XQGHU WHQVLRQ
the harpoons designed to anchor it to the surface after
WRXFK GRZQ GLG QRW ĂUH VR WKDW WKH ODQGHU VWDUWHG
ERXQFLQJ RYHU WKH VXUIDFH :H GLG QRW UHDOLVH WKLV
immediately, as Philae was still in radio contact and had
KDSSLO\ VWDUWHG WR SHUIRUP LWV VFLHQWLĂF PHDVXUHPHQWV
EXW DIWHU  PLQXWHV WKH FRQĂUPDWLRQFDPHIURP
&RORJQH3KLODHZDVVWLOOă\LQJ

$IWHU WKDW LQ WKH QLJKW RI )ULGD\  1RYHPEHU WKH
batteries ran out of energy and Philae went silent:
LQ LWV ĂQDO SRVLWLRQ RQ WKH VXUIDFH WKHUH ZDV
not enough sunlight to recharge the secondary
EDWWHULHV ZKLFK ZH KDG KRSHG FRXOG JLYH 3KLODH
the chance to operate for a few more weeks on
WKH VXUIDFH
1RZ 5RVHWWD FRXOG GHYRWH LWV RSHUDWLRQV WR WKH
RUELWDO VFLHQFH ZKLFK ZDV WKH SULPDU\ REMHFWLYH
of the mission: it had to follow the comet and
REVHUYH LWV HYROXWLRQ DURXQG WKH SHULKHOLRQ DW
OHDVW XQWLO WKH HQG RI  $QG WKLV ZDV YHU\
FKDOOHQJLQJ DV WKH DFWLYLW\ RI WKH FRPHW VWDUWHG WR
UDSLGO\ LQFUHDVH DW WKH EHJLQQLQJ RI WKH QHZ \HDU
$W WKH HQG RI -DQXDU\ ZH KDG WR OHDYH WKH
closed orbits - which were too inaccurate due
WR WKH KLJK DFWLYLW\ RI WKH FRPHW  DQG VWDUWHG WR
SHUIRUP FORVH ă\E\V 'XULQJ RQH RI WKHVH WKH VWDU
trackers were blinded by the high density of dust
DQG UHVXOWHG LQ D YHU\ GDQJHURXV VLWXDWLRQ IRU
the spacecraft, which could no longer properly
FRQWURO LWV DWWLWXGH 7KLV ZDV WKH VLJQDO WKDW ZH
had to gradually increase the distance to the
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FRPHW XQWLO WKH KLJK DFWLYLW\GHFUHDVHGDIWHU
SHULKHOLRQ LQ VXPPHU
:KLOH WKH VSDFHFUDIW ZDV DW GLVWDQFHV RI DERXW
200 km from the surface, suddenly one Saturday
QLJKW  RQ  -XQH  5RVHWWD UHFHLYHG D IHHEOH UDGLR
VLJQDO IURP 3KLODH 6SULQJWLPH KDG FRPH DOVR RQ
the comet and the better illumination conditions
and the higher surface temperatures allowed
Philae to collect enough solar energy to boot-up
LWV FRPSXWHU DQG WU\ WUDQVPLWWLQJ WR 5RVHWWD
$IWHU WKH LQLWLDO EXUVW RI MR\ RXU FRQĂGHQFH WR
EH DEOH WR HYHU RSHUDWH ZLWK 3KLODH DJDLQ UDSLGO\
decreased: we were too far from the surface to be
DEOH WR HVWDEOLVK D VWDEOH UDGLR OLQN ZLWK WKH ODQGHU
:H WULHG WR GHFUHDVH WKH GLVWDQFH EXW WKH FRPHW
DFWLYLW\ ZDV PDNLQJ LW YHU\ GLIĂFXOW IRU XV WR ă\ LQ
WKH WKLFN FORXG RI GXVW :H PDQDJHG WR JR GRZQ WR
 NP IURP WKH VXUIDFH DQG WR HVWDEOLVK QLQH VKRUW
FRQWDFWV ZLWK 3KLODH XQWLO HDUO\ -XO\ $IWHU WKDW
and a few days of silence, we had to increase the
GLVWDQFHDJDLQ:HQHYHUKHDUGIURP3KLODHDJDLQ

$IWHU WKH SHULKHOLRQ LQ $XJXVW DQG D SODQQHG
‘excursion’ to study the coma structure at
GLVWDQFHV XS WR  NP IURP WKH QXFOHXV ZH
started to gradually decrease the spacecraft
GLVWDQFH WR WKH VXUIDFH DQG E\WKHHQGRIZH
ZHUH EDFN WR FORVHG RUELWV
,Q WKH PHDQWLPH WKH KXJH VXFFHVV RI
the mission made it easy for the Science
3URJUDPPH &RPPLWWHH WR DSSURYH DQ H[WHQVLRQ
RI WKH PLVVLRQ LQWR  $W WKH VDPH WLPH ZH
knew that we could only operate Rosetta until
the autumn of 2016: after that the distance
WR WKH 6XQ ZRXOG KDYH IRUFHG DQRWKHU ORQJ
KLEHUQDWLRQ HYHQ ORQJHU WKDQ WKH RULJLQDO RQH
DQG DW ODUJHU GLVWDQFHV 7KH DJLQJ LQVWUXPHQWV
and spacecraft, the depletion of the fuel
UHVHUYH DQG WKH ULVNV LQYROYHG LQ DQRWKHU
hibernation were strong reasons to decide
WR VWRS WKH PLVVLRQ RQ  6HSWHPEHU 
+RZHYHU ZH GHFLGHG WR ILQLVK LW LQ D JORULRXV
way, with an attempted soft ‘touch down’ of
5RVHWWD RQWR WKH VXUIDFH RI WKH FRPHW

Philae after first
touchdown and (inset) the
lander search area (red
ellipse).

More navigation challenges

This explained
the 18-minute
delay in the
reception of
the wake-up
signal, the
longest 18
minutes in my
professional
life

The year 2016 was dedicated to close
REVHUYDWLRQV DQG VFLHQWLĂF LQYHVWLJDWLRQV RI
the comet and its changes after the perihelion
SDVVDJH 7KH DPRXQW RI VFLHQWLĂF GDWD GHOLYHUHG
by Rosetta was enormous, and the fact that we
FRXOG REVHUYH WKH FRPHW IURP FORVH SUR[LPLW\
RYHU D ODUJH SDUW RI LWV RUELWDO SHULRG ZDV D
fantastic opportunity for our scientists and a
JLDQW OHDS LQ FRPHW DQG VRODU V\VWHP VFLHQFH
The team also tried to use all occasions to take
pictures of the area where we assumed Philae had
HQGHG LWV ERXQFLQJ RYHU WKH VXUIDFHEXWZHGLG
QRW VXFFHHG RYHU PDQ\ PRQWKV
,Q WKH ĂQDO ZHHNV ZH FRXOG WDNH LQFUHDVLQJ ULVNV
DQG ă\ 5RVHWWD RQ WKUHH GD\ HOOLSWLFDO RUELWV ZLWK
D SHULFHQWUH YHU\ FORVH WR WKH VXUIDFH ZH VWDUWHG
IURP  NP IURP WKH VXUIDFH ZLWK WKH REMHFWLYH
WRWU\WRJRDVFORVHDVNPE\PLG6HSWHPEHU

Philae’s first picture
from the comet surface.
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Philae is found on the
surface.

The selected area for touchdown was close to
WKH 0DÛDW SLWV ODUJH KROHV LQ WKH VXUIDFH RI YHU\
KLJK VFLHQWLĂF LQWHUHVW 'XULQJ WKH ODVW KRXUV RI
descent Rosetta’s instruments could measure
WKH FRPHW HQYLURQPHQW DQG WDNH SLFWXUHV RI WKH
VXUIDFH RYHU WKH ODVW UDQJH RI DOWLWXGHV IURP  NP
WR ]HUR ZKLFK KDG QHYHUEHHQÚYLVLWHGÛEHIRUHE\
RXU VSDFHFUDIW

Emotional ending

Rosetta is the
last of the
pioneering
space missions
and its end
marks the
end of the
pioneering
phase of space
exploration

Rosetta’s final target
destination circled in red
and (inset) the spacecraft’s
last image.
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7KLV SKDVH ZDV HYHQ PRUH FKDOOHQJLQJ IURP WKH
QDYLJDWLRQ SRLQW RIYLHZWKDQWKHLQLWLDORQHDIWHU
FRPHW DUULYDO
2XU ăLJKW G\QDPLFV SHRSOH KDG WR XSGDWH
VRIWZDUH WRROV DQG SURFHGXUHV DQG GHVLJQ YHU\
sophisticated strategies to be able to satisfy the
needs of our scientists while keeping the risks on
WKH VSDFHFUDIW XQGHU FRQWURO ,W ZDV GXULQJ WKLV
phase that, on 2 September, during the last but
one attempt to take a picture of Philae, from an
DOWLWXGH RI  NP WKDW ZH HYHQWXDOO\ VXFFHHGHG
These pictures were not only emotionally
YHU\ LPSRUWDQW IRU WKH RSHUDWLRQV WHDPV EXW
they were extremely useful for the analysis of
3KLODHÛV VFLHQWLĂF PHDVXUHPHQWV WKDW FRXOG EH
calibrated and put in the context of the orbital
measurements from Rosetta now that the exact
SRVLWLRQ RI WKH ODQGHU ZDV NQRZQ
)LQDOO\ DIWHU WKH ODVW FORVH SHULFHQWUH RQ 
6HSWHPEHU ZH PDQRHXYUHG WKH VSDFHFUDIW WR D
KLJKHU RUELW DQG WKHQ LQ WKH HYHQLQJ RI WKH WK ZH
SHUIRUPHG D  FPV PDQRHXYUH WKDW SXW5RVHWWD
LQWRFROOLVLRQFRXUVHZLWKWKHFRPHW

Rosetta was programmed to transmit data in real
WLPH DQG HYHU\WKLQJ ZRUNHG SHUIHFWO\ XQWLO WRXFK
GRZQ DW  87& RQERDUG WLPH $W WKDW SRLQW
Rosetta switched itself off, as it was programmed
WR GR E\ RXU ODVW FRPPDQGV WKUHH KRXUV EHIRUH
$ VSHFWDFXODU HQG WR D IDQWDVWLF PLVVLRQ 6\OYDLQ
DQG KLV )OLJKW &RQWURO 7HDP JDYH PH WKH KRQRXU 
about one hour and 20 minutes before the impact
 WR VHQG WKH ODVW FRPPDQG WR 5RVHWWD ,WZDVD
YHU\ HPRWLRQDO PRPHQW IRU DOO RI XV
, DP ZULWLQJ WKLV ĂQDO DUWLFOH MXVW WZR GD\V DIWHU
WKH HQG RI WKH 5RVHWWD PLVVLRQ 7KLV DGYHQWXUH
has been a major part of my professional and
SULYDWH OLIH IRU DOPRVW H[DFWO\  \HDUV VLQFH , ZDV
nominated spacecraft operations manager back in
1RYHPEHU  , KDYH DFFRPSDQLHG WKH PLVVLRQ
throughout the initial phases of the spacecraft
design up to the dramatic moments of the missed
ODXQFK WKH PLVVLRQ UHGHĂQLWLRQ DQGWKHQWKHORQJ
DQG RIWHQ FKDOOHQJLQJ FUXLVH
, KDYH KLUHG \RXQJ HQJLQHHUV DQG VFLHQWLVWV
and seen them growing professionally with this
PLVVLRQ WDNLQJ RYHU WKH WDVNV IURP WKH ROGHU
SHRSOH UHLQYHQWLQJ VROXWLRQV DQG ZRUNDURXQGV
ZKHQ SUREOHPV ZHUH GHYHORSLQJ RQ ERDUG RU
RQ JURXQG , KDYH OLYHG WKH VWURQJ HPRWLRQV RI
DUULYLQJ DW DQ XQNQRZQ FHOHVWLDO REMHFW H[SORULQJ
LW IRU WKH ĂUVW WLPH RYHU PRUH WKDQ WZR \HDUV DQG
HYHQ ÚOLYLQJÛ WZR DQG D KDOIGD\VZLWKWKH3KLODH
ODQGHU RQ LWV VXUIDFH
6HHLQJ WKH ODVW WHOHPHWU\ IUDPH IUHH]LQJ RQ WKH
VFUHHQV RQ  6HSWHPEHU ZDV DQ XQIRUWHJWWDEOH
PRPHQW IRU PH , KDYH VHHQ WKH HQG RI RWKHU
PLVVLRQV EXW WKLV ZDV VRPHWKLQJ PRUH WKDQ WKDW
Rosetta was the last of the pioneering space
missions and its conclusion marked the end of the
SLRQHHULQJ SKDVH RI VSDFH H[SORUDWLRQ
The new generations of spacecraft, of
scientific instruments, of design and operations
HQJLQHHUV ZLOO KDYH WR WDFNOH WKH QH[W FKDOOHQJH
the establishment of an operational exploration
infrastructure in the Solar System, which
ZLOO SDYH WKH ZD\ IRU D SRVVLEOH IXWXUH KXPDQ
exploration of the planets, moons, asteroids
DQGFRPHWV
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ESA/Hubble, M Kornmesser

Twinkle - a mission
to unravel the story
of planets in
our galaxy

The study of exoplanets has rarely left the news since their first discovery two
decades ago [1] - and the headlines are unlikely to stop anytime soon. With
a variety of future-planned space programmes in development to find even
more systems, the number of detected planets will increase three-fold, if
not more. But aside from knowing that exoplanets are ubiquitous and can be
found around all types of stars, what else do we really know about them? Very
little as it turns out. Not content with merely counting other worlds, scientists
at UCL are developing a mission to study the atmospheres of at least 100
bright exoplanets in the Milky Way in a bid to add substance to planet style.
ince the discovery of 51 Pegasi b (also
known as Dimidium) just over 20 years
ago, the list of planets discovered orbiting
distant stars has reached well over 3000.
Ongoing and planned ESA and NASA space
missions such as GAIA, Cheops, PLATO, Kepler II
and TESS will increase the number of known
systems to tens of thousands. Exoplanets have
been detected around every type of star and our
current statistical estimates suggest that, on
average, every star has at least one planetary
companion. That means that there are hundreds of
billions of planets in the Milky Way alone.
To the gas giants, rocky terrestrial planets and
LFHZRUOGV WKDW ZH ĂQG LQ RXU RZQ VRODU V\VWHP
we have added a broad spectrum of new, exotic
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planetary types: giant hot-Jupiters orbiting their
sun in hours or a handful of days, super-Earths
with masses up to ten times that of our planet,
gas dwarfs, temperate Neptunes. The sheer range
of planetary bodies discovered has caused a
paradigm shift in how we think about planetary
systems and our understanding of how they form
and evolve.
But in reality, what do we know about the
individual planets? The answer is very little. For
most, we simply know that they exist and where
they are. For about a third of them, we know how
big they are, their mass and how often they orbit
their star. For about one per cent, we have used
spectroscopy to extract a few clues about their
atmospheric temperature and composition.

Artist’s impression of
the super-Earth 55 Cancri
e in front of its parent star.

Giovanna Tinetti
Professor of Physics
and Astronomy at
University College
London
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Artist’s impression of
the Twinkle spacecraft.

The list of
planets
discovered
orbiting distant
stars has
reached well
over 3000

Even this limited information has challenged
many assumptions based on our own Solar System
[2]. Super-Earths, of which we have no close-by
examples to study, appear to be the most common
type of planet. Near-circular orbits turn out
not to be the standard - more than 60 per cent
of exoplanets discovered to date have elliptical
orbits, some of which are highly eccentric.
The discovery of planets around every type of
star opens up new possibilities for habitability
around M-dwarfs, stars cooler than our Sun that
are by far the most common type of star in our
galaxy. If giant planets form in the cold, outer
planetary disc where most of the gas, ice and dust
is located, what are the migration mechanisms
experienced by hot-Jupiters that cause them to
dramatically shift towards their host star?
We haven’t yet found any discernible pattern
linking the presence, size or orbital parameters
of a planet to what its parent star is like. To make
progress in understanding the diversity we see
in planetary formation and evolution, we need
D VLJQLĂFDQWO\ ELJJHU GDWDVHW RI UHPRWH VHQVLQJ
spectroscopic observations that will permit
comprehensive and meaningful study of their
chemical composition.

Characterising exoplanet atmospheres
We can extract spectroscopic information
on exoplanet atmospheres using both direct
imaging and the transit method. In 2010, [3]
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WKH ĂUVW VSHFWUDO REVHUYDWLRQV ZHUH PDGH XVLQJ
direct imaging of a hot, giant planet at an orbital
separation from its host star similar to that of
Neptune from the Sun. Those observations were
made with the SPHERE instrument on the ESO
Very Large Telescope (VLT) and, as larger facilities
come online over the next decade, direct imaging
is expected to provide insights about hot, young
planets in the outer regions of their solar systems.
For the transit method, spectroscopic
observations can be derived both as an exoplanet
passes in front of the star and just before and
after it enters eclipse behind the host star.
Transmission spectra are derived from primary
WUDQVLWV ZLWK VWHOODU UDGLDWLRQ ĂOWHUHG WKURXJK WKH
annulus of atmosphere surrounding the planet
DV LW SDVVHV LQ IURQW RI WKH VWDU 7KLV ZDV ĂUVW
demonstrated successfully in 2002, [4] with the
detection of sodium trace element absorption
features in Hubble Space Telescope observations
at visible wavelengths. Since then, transmission
spectroscopy using Hubble, Spitzer and groundbased facilities has provided detections of ionic,
atomic and molecular species [5].
Transmission spectra of hot-Jupiters and
warm-Neptunes seem to be dominated by the
signature of water vapour and sometimes clouds.
Innovations in processing techniques have helped
make us more successful in extracting spectral
features and removing noise from data, which
has allowed us to start to probe the atmospheres
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A need for data and an opportunity
Despite successes to date, current data are very
sparse with large uncertainties. There is not
HQRXJK ZDYHOHQJWK FRYHUDJH WKH UHăHFWHG RU
VFDWWHUHG VWHOODU ăX[ PD\ SHDN LQ WKH XOWUDYLROHW
visible or near infrared range, depending on the
type of host star; thermal emission dominates
at longer wavelengths. From studying planets
within our own Solar System, we have found that
we need observations in multiple spectral bands
with different intensities for a robust analysis
of any given atmospheric species. Moreover,
multiple bands give us the opportunity to probe
different layers within planetary atmospheres
to study the vertical structure and understand
cloud coverage.

Hubble is almost at the end of its life and, with
the degraded performance of Spitzer, no data is
currently available in the mid-infrared. The James
Webb Telescope is due for launch in late 2018 and
the European Extremely Large Telescope (E-ELT)
will start operations in 2024. Both these facilities
will have large collecting areas that will allow
the acquisition of more light from exoplanets,
compared to those currently available, especially
from fainter targets. However, given the demand
for observation time from the wider astronomical
community, exoplanet researchers will have
limited opportunities for access. In addition, if we
focus on planets orbiting very bright stars, a small
telescope can do wonders.
A bespoke space mission for characterisation
of exoplanet atmospheres would have several
advantages: experience with Hubble and Spitzer
indicates that the instrument’s stability and precision
are as important as sensitivity. Effects of stellar
variability can mean that combining measurements
at different wavelengths taken at different times
is not possible. Instruments are generally not
calibrated at the level needed to combine multiple
observations. Thus, instrumentation in orbit can
make detections of faint spectral features that would
be drowned out by Earth’s atmosphere in groundbased observations.
Nonetheless, no space agency is planning a
mission dedicated to exoplanet atmospheric
observations for at least a decade. ARIEL [7] is
one of the three candidates for the next ESA

We haven’t
yet found any
discernible
pattern linking
the presence,
size or orbital
parameters
of a planet
to what its
parent star is
like

The number of
confirmed exoplanets
discovered has
dramatically increased
recently. In 2016 the
science team behind
NASA’s Kepler spacecraft
has announced a further
1,284 objects verified as
being more than 99
percent likely to be a
planet, bringing the
overall total to more than
3,200 known worlds
orbiting stars in our
galaxy, out of nearly 5000
candidates.

NASA

of smaller planets. Earlier this year, a team led
E\ RXU JURXS DW 8&/ PDGH WKH ĂUVW VXFFHVVIXO
detection of gases in the atmosphere of a
super-Earth. Results showed the presence of
hydrogen and helium, but no water vapour, in the
atmosphere of 55 Cancri e (recently named by the
IAU as Janssen) [6].
(PLVVLRQ RU UHăHFWDQFH VSHFWUD FDQ DOVR
be derived from just before and just after an
exoplanet passes behind the star. These can reveal
the presence of clouds and information on the
WKHUPDO VWUXFWXUH RI H[RSODQHWV HJ ZH FDQ ĂQG
evidence of whether there is a stratosphere that
causes a temperature inversion, as in the case of
the Earth, Titan or the giant planets.
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medium class mission expected to be launched in
2026. This mission will be devoted to observing
spectroscopically in the infrared a statistically
VLJQLĂFDQW SRSXODWLRQ  RI NQRZQ
transiting planets in our galaxy. ARIEL is based
on a 1 metre-class telescope and a spectrometer
covering the mid infrared (from 1.2 to 7.8
micrometres), in addition to photometric bands
in the visible and near-infrared that will allow
it to monitor the stellar activity, measure the
albedo and detect clouds. ARIEL will be placed in
orbit at Lagrange Point 2, where the spacecraft is
shielded from the Sun and has a clear view of the
whole night sky. This will maximise its options for
observing exoplanets discovered previously by
other missions.
A decade is a long time to wait, and my colleagues
and I at UCL are not the only exoplanet researchers
hungry for data. Exoplanet spectroscopy is one of
WKH IDVWHVW JURZLQJ ĂHOGV LQ DVWURQRP\ +XEEOH
has had an over-subscription rate of 640 per cent
IRU H[RSODQHW VFLHQFH RYHU WKH SDVW ĂYH \HDUV DQG
Spitzer, by the end of its cold operations phase,
had reached an over-subscription rate of 1200 per
cent for exoplanet spectroscopy. Access to facilities
tends to be restricted to researchers located in
countries that have participated in the construction
of the satellite. This means that there is a growing
unmet global market for high-quality spectroscopic
data for exoplanet atmospheres.
The team behind ARIEL had already completed an
Assessment Phase study for an ESA medium class
mission, the Exoplanet Characterisation Observatory
(EChO). By combining the instrumentation
GHYHORSHG IRU (&K2 ZLWK ăLJKW SURYHQ VSDFHFUDIW
systems designed by Surrey Satellite Technology
Ltd, a world leader in building and operating
commercial small satellites, we saw an opportunity
to develop an innovative, independent new model for
astronomy and astrophysics space missions based
on commercial delivery. Hence, the Twinkle space
mission was born.

Twinkle space mission
Twinkle is a small, low-cost mission that will study
the atmospheres of at least 100 bright exoplanets
in the Milky Way using optical and infrared
spectroscopy. The targets observed by Twinkle will
comprise known exoplanets discovered by existing
and upcoming ground surveys in our galaxy
(e.g. WASP or HATNet) and space observatories
(Kepler-2, GAIA, Cheops and TESS). The Twinkle
satellite will be built in the UK and launched into a
low-Earth, sun-synchronous orbit by 2019, using a
platform designed by Surrey Satellite Technology
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Twinkle is a
small, lowcost mission
that will
study the
atmospheres
of at least
100 bright
exoplanets in
the Milky Way

Artist’s impression of
the super-Earth
exoplanet GJ 1214b
orbiting the nearby star
GJ 1214. The exoplanet,
orbiting a small star only
40 light-years away from
us, has a mass about six
times that of Earth.

Ltd and a payload built by a consortium of UK
institutes led by UCL [8].
The satellite structure is based on the SSTL-300
design, which has been adapted to house a slightly
wider than usual payload, and with upgraded light
shielding and stability.
Twinkle will collect light from its target planetary
V\VWHPV XVLQJ D PRGLĂHG WHOHVFRSH V\VWHP
developed by STFC’s RAL Space Facility for Earth
observation missions. Behind a 50cm-class primary
mirror, a series of small mirrors will fold the light
WR ĂW WKH VSDFH OLPLWDWLRQV 7R FRPSHQVDWH IRU
the small movements of Twinkle during science
observations, a steerable ‘tip-tilt’ mirror will focus
a steady beam of incoming light into the science
LQVWUXPHQW SDFNDJH 7KHUH WKH OLJKW ZLOO EH ĂOWHUHG
to remove unwanted wavelengths and divided into
inputs for the two spectrometers.
The Exoplanet Light VIsible Spectrometer
(ELVIS) is a visible spectrometer channel (0.4-1
micrometres) based on the Ultraviolet and Visible
Spectrometer (UVIS) instrument channel, built
by the Open University and launched on the
ExoMars Trace Gas Orbiter (TGO) in March 2016.
Adaptations to ELVIS (optimising the wavelength
range of the detectors, using an alternative
diffraction grating and making a few minor
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changes to the electronics) will allow Twinkle to
monitor stellar variability in the exoplanet systems
and to detect signs of cloud cover for some of the
largest, brightest exoplanets in its target sample.
Twinkle’s infrared science instrument
consists of two interconnected spectrometers
that cover spectral bands in the near-infrared
(1.3-2.4 micrometres) and mid-infrared (2.44.5 micrometres). The bands are optimised
for studying atmospheric features in bright
exoplanets, such as hot-Jupiters and warm
super-Earths orbiting close in to their star. The
wavelength range will allow detections of all the
expected atmospheric gases, including water
vapour, carbon dioxide, methane, ammonia,
hydrogen cyanide, hydrogen sulphide, as well
as exotic metallic compounds such as titanium
monoxide, vanadium monoxide and silicon oxide.
The infrared spectrometer has been designed by
STFC’s UK Astronomy Technology Centre (UKATC)
and incorporates design heritage from the James
Webb Space Telescope’s MIRI infrared instrument.
Although Twinkle’s instruments will struggle
to produce full spectra for planets at habitable
temperatures, simulations suggest that Twinkle
may be able to obtain a handful of data points in
the infrared for small, rocky planets. This means

that as well as delivering the spectral signatures of
bright exoplanets, Twinkle can also help identify
targets of interest for further observation by larger
telescopes in the future.
We will be drawing up a preliminary list of
potential targets over the coming months and will
be enlisting a group of amateurs to assist with
observations of stellar variability. Our education
programme, EduTwinkle, also aims to involve school
students in research needed to lay the groundwork
for the Twinkle mission. We are currently piloting a
project linking young PhD and post-doc scientists
with groups of secondary school students to compile
molecular data points essential for modelling
atmospheres of cool stars and exoplanets.
With Twinkle, we’ve aimed to do things a little
differently. We are funded outside the usual agency
programmes: preliminary work and the instrument
study have been funded through a grant from the
European Research Council, UK universities and
industry. Funding for the overall mission will come
from a combination of public and private sources.
We’ve chosen a name for our mission that is
easy to remember and doesn’t require background
knowledge of science, history or culture. As a
transiting planet makes the host star appear
to twinkle, this seemed an appropriate choice.
The words of Twinkle, Twinkle Little Star, one
of the most well-known songs in the English
language, sum up perfectly the starting point for
DQ\ VFLHQWLĂF GLVFRYHU\ Ú+RZ , ZRQGHU ZKDW \RX
are?’ Observations with Twinkle, alongside those
from traditional space missions and ground-based
campaigns, will take our current wondering about
exoplanets to a new level of understanding.

Observations
with Twinkle
will take
our current
wondering
about
exoplanets to
a new level of
understanding
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Israeli students inspired by
nano-satellite projects

Roy Orbach
Herzliya Space
Laboratory, Herzlyia,
Israel

As the space industry moves forward in the 21st century, satellites are
becoming easier to build and launch. One particular type of low cost satellite
is the CubeSat - a small spacecraft built from multiples of 10×10×11.35 cm
cube-shaped units. Soon after the CubeSat concept was proposed in 1999
and the first launch in 2003, it was quickly adopted by research facilities,
space agencies and universities all around the globe. But these weren’t the
only institutions that decided to use the advantages of CubeSats. In Israel
one pioneering institute had its own slightly different idea on the options the
new platform offered to high school students.
he idea of using the new Cubesat
platform to educate Israeli school
grade students was conceived in
2003 by Dr Anna Heller, who had
worked in the aerospace industry as a
researcher for the development of the new
ErosB and Ofek6 Israeli satellites projects and
rocket detection IR technologies.
After a few months of searching, the newly
formed idea turned into reality and the project
was accepted by the Israeli high school Handasaim
and later on by the science centre in the city of
Herzliya, soon after getting mentors from Israel
Aerospace Industries and funding and help from

T

various sources from all over Israel - including the
Ministry of Science.
The project was named ‘Duchifat’ after the
Hebrew name for the Hoopoe bird - Israel’s
QDWLRQDO ELUG  DQGWKHĂUVWVDWHOOLWHZDVFDOOHG
Duchifat-1.
'XULQJ WKH ĂUVW  \HDUV RI WKH SURMHFW D
laboratory was created in the city of Herzliya
VSHFLĂFDOO\ IRU GHVLJQLQJ DQG GHYHORSLQJ WKH ĂUVW
student nano-satellite global network. In this
lab, students worked hard to create the facilities
UHTXLUHG WR EXLOG D VDWHOOLWH ĂUVW D FOHDQ URRP ZLWK D
pressure system to run an environment with minimal
levels of dust and humidity. Such a room requires

Students working on
Hoopoe with Donald
James (NASA’s associate
administrator for the
Office of Education) and
Avigdor Blasberger (Head
of the Israel Space).
Agency).

A laboratory
was created
in the city
of Herzliya
specifically for
designing and
developing the
first student
nano-satellite
global network
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Ground station in
Herzliya Science Center,
used daily by students
communicating with
Duchifat-1 and other
radio amateurs satellites.

Every student
is assigned
one of the
main aspects
in the design
of a satellite
subsystem

Hoopoe (Duchifat-2) in
clean room after
integration with its
payload (multi-Needle
Langmuir Probe)
deployed.
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high standards, because during construction the
satellite must be kept in a clean environment.
The students also worked on a ground station
for satellite communications, with the help of
amateur radio enthusiasts. Today, the ground
station is also used by amateur radio hobbyists,
and students who participate in amateur radio,
to communicate with others like them around
the world, using satellites to strengthen their
connection. Using the ground station, students
also tracked and communicated with various
satellites to learn about satellite communications
- they contacted amateur-radio satellites, weather
satellites and research facilities - and even
made contact with the astronauts aboard the
International Space Station (ISS).
But even after having developed such facilities,
a number of problems remained to be solved. How

could the project continue attracting students
until the real work began? And, how would
students be assigned to work on the satellite?
Surprisingly, the answer to both of these
questions was found with the same solution. Every
student is assigned one of the main aspects in the
design of a satellite subsystem - thermodynamics,
communications, software, etc. The teams and
their mentors cooperate - just like branches of
D VWDUWXS FRPSDQ\ H[FHSW WKH ĂQDO SURGXFW LV
not an app or a new gadget - but rather a new,
student-built satellite.
$IWHU ĂQLVKLQJ WKHLU SDUW WKH VWXGHQWV SUHVHQW
WKHLU ZRUN DV D ĂQDO SURMHFW LQ IURQW RI WKHLU
mentors and school staff. In the initial stages
their work was largely theoretical and often
related to studying existing satellites. But by
around 2011, the theoretical part was over and
work on the satellite’s components and the
practical research began.
At a basic level, Duchifat has several goals:
•

Education - which consists of two
SDUWV 7KH ĂUVW LV WR SURYH WKDW
students can really build satellites
and teach teenagers from all around
Israel about satellites, both in terms of
construction and communicating with
them. The second part is focused on
giving the student an inside look at the
space industry. The satellite was also
used to teach satellite communications
in different schools around Israel.
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•

•

The launch of a Dnepr
launcher (converted
ICBM), used today to
launch small satellites
like Duchifat 1.

Amateur radio satellite - amateur
radio had been a large part of Duchifat
since its beginning. Hobbyists helped
create the ground station, guided
the communications team and
generally helped the project to thrive.
As a result, it became obvious that
Duchifat would be an amateur radio
satellite, detecting radio frequencies
used by amateur radio hobbyists and
forwarding their messages. By doing
so, it could help improve connections
between amateur radio hobbyists
around the world.
A search and rescue satellite - the
main mission of Duchifat-1 is to
serve as a search and rescue satellite
that helps lost travellers. It uses
an experimental communications
protocol called APRS (Automatic
Packet Reporting System) which allows
sending messages and location using
radio signals.

To facilitate its main mission, Duchifat’s orbit
passes above both of Earth’s poles at a height
considered a low Earth orbit (LEO) - which is
about 600 km high. Because of its special orbit, it
passes in range of every location on Earth twice a
day, with the second passing occurring 90 minutes
DIWHUWKHĂUVW$IWHUJHWWLQJDVLJQDO'XFKLIDW
stores the request, along with the location from
which it picked up the information. It keeps the
information stored for 24 hours and downloads
WKHGDWDZKLOVWă\LQJRYHUDJURXQGVWDWLRQ7KH
ground station forwards this information to rescue
teams in the area around the incident.
The information Duchifat-1 receives is sent by
mobile radio communicators, devices that don’t
need a phone signal and, due to that trait, can be
used to help save travellers who are in areas which
have bad phone signals or no phone signals at all.
Even though its search and rescue payload is still

The mission
selected for
Hoopoe in 2010
was to conduct
research on
the density of
plasma in the
ionosphere
going through tests and thus it is not yet active,
the ground station is daily visited by the project’s
students, who communicate with Duchifat-1 and
store its data.
On the evening of 19 June 2014, Duchifat-1
was successfully launched from Russia’s Yasny
launch base aboard a Dnepr converted ICBM, in
a launch that broke records for most satellites
launched at once (36 other satellites were
launched alongside Duchifat-1).
A few chosen students and the project’s
director and founder Dr Heller travelled to the
launch site while the rest of the team held a
press conference in the Herzliya laboratory,
watched live video of the launch process and had
a video chat with the team in Russia. It was an
emotional event, which concluded over a decade
of never-ending hard work by the project’s Dr
Heller, and the director of the Herzliya Science
Centre Dr Meir Ariel, as well as many more that
contributed to the project. Among them were
current and past students, many of whom had
already graduated before Duchifat’s conception
turned into reality.

The ground station’s
amateur radio section,
where students practice
and learn radio and
amateur radio
communications.
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Duchifat-1 in its final
integration stage.

Far right: Duchifat-1
being inserted into the pod
used in the vibration and
thermal-vacuum tests.

After Duchifal-1 was launched, the team
successfully enrolled Duchifat-2 (also known
internationally as Hoopoe) in the QB50 - a
project that consists of 50 nano-satellites built
by universities and research facilities around
the world.
The satellites were given different goals and
tasks that involve research in the lower layer of
the thermosphere - the ionosphere, at about 300
km high and a largely unexplored area. Different
Duchifat-1 during the
vibration tests at Israel
Aerospace Industry MBT
Space Division.

Students in the clean
room preparing Hoopoe for
delivery to the launch site.
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research facilities and universities were chosen
and, among them, only one Israeli applicant was
selected. It was also the only applicant where the
engineers making the satellite were high school
VWXGHQWV  D JURXS RI ĂYH ,VUDHOLKLJKVFKRROVOHG
by the Herzliya Space Lab.
In order to promote science in the outskirts of
,VUDHO 'XFKLIDW  ZDV EXLOW E\ ĂYH GLIIHUHQW KLJK
school teams - our group from Herzliya, who led
the project, and four groups from Yeruham, Ofra,
Ofakim and Ahed-Beduin.
Each team was led by professional engineers and
had its own missions - mechanical design, atitude
determination and control sub-systems (ADCS),
mission control centre, etc. The teams met every
couple of months for design reviews.
And so, the team started working again. There
was no time to rest after the launch of Duchifat-1,
and the challenge of Duchifat 2 had started - to
construct a high-tech communications and
research satellite in a short period of time, with
launch scheduled for the end of 2016 along with
the rest of the satellites.
The mission selected for Hoopoe in 2010 was
to conduct research on the density of plasma in
the ionosphere. The satellite will start from an
altitude of about 400 km - as the satellites are
planned to be launched from the Space Station and will quickly descend due to atmospheric drag.
After some nine months its mission will end when
it burns up in the atmosphere. Data collected
during the mission, along with normal information
regarding the satellite, is to be sent to QB50.
Even though the basic educational objective
remained after Hoopoe started, there are many
striking differences between Duchifat-1 and
Hoopoe. The most notable is the size - Duchifat
comprises two CubeSat units making it twice the
size of Duchifat-1, which was one CubeSat unit.
The difference in size means a few other changes
had to be incorporated - it required a strong
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thermal system and a more complicated electric
power system. Another difference is that Hoopoe
will be able to rotate on its hinges - an ability it
requires for aligning its payload to the direction
of the velocity vector. Its payload - multi-Needle
Langmuir Probe, sends electric shocks out of its
needles, attracting the plasma particles in the
atmosphere, and measures the results.
:LWKWKHVDWHOOLWHĂQLVKHGDQGKHDGHGWRZDUGV
its launch to the ISS at the beginning of 2017 and
the release into orbit from the Space Station later
in the year, Dr Meir Ariel, the director of Herzliya
Science Centre, already has plans for the future.
Work on Duchifat-3 has already started. This
three unit CubeSat will likely include a different
kind of payload and, unlike its predecessors, will
include a camera, which will be used to teach
students about downloading data from satellites,
about the weather and Earth observation satellites.
A successor project to Duchifat is planned to
start in a few years. The project, considered a giant
step for education in Israel, is called the ‘Israel 70’

project, a national collaboration celebrating Israel’s
70th year of independence.
The ambitious project will be based on the
knowledge and experience gained from building
the Duchifat satellite series and will be led with
the help of the students of the Herzliya Space Lab.
Over a few years, some 70 satellites will be built
by high schools and universities all over Israel.
The satellites planned will include two different
layouts: some satellites will be a one CubeSat unit
(named Pawns) structure, like Duchifat-1, however
the bigger ones will be 3U satellites (called
Knights) like Duchifat-3. The question raised is
what will come after Israel 70? Well, as they say in
our lab, the sky is not the limit.

Some 70
satellites will
be built by high
schools and
universities all
over Israel
Students working on
Hoopoe with Robert
Cabana (Director of
NASA’s Kennedy Space
Center) and Moshe Fadlon
(Mayor of Herzliya).
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Space is open for business
A new space era is slowly coming into focus. It is a future where space
agencies won’t be the only actors and will increasingly expand their
partnerships with the private sector. As part of its policy to actively cultivate
this new space agenda, the European Space Agency (ESA) organised a new
kind of event in London during the autumn to which it invited space and nonspace industry representatives to sit together for the first time and exchange
ideas on what the future of space exploration holds for them - both on Earth
and in space. The ‘Space for Inspiration - ISS and beyond’ event was an open
invitation to a broader community to join the space club. It was also a unique
opportunity to build cross-sector relationships and learn about promising
research taking place in orbit.

W

EHKLQG XV RI LQWHQVLYH UHVHDUFK SRLQWHG RXW 5DLQHU
Horn, from SpaceTec Partners. “The ISS is the
fastest moving incubation centre and it has proven
itself as a business accelerator,” he told delegates.
,WV LPSDFW FDQ EH TXDQWLĂHG DQG D UHFHQW VWXG\
presented during the event tried to assess the
economic and wider impact of the investment in
the ISS programme. Figures unveiled were quite
revealing: one euro spent on the ISS produces

ESA/M Alexander

hen nearly 300 people gathered in
one of the world’s most renowned
science venues, the London Science
Museum, on 14-15 September, just
one third of the audience came from industry. This
was part of the plan because the idea was to
engage new stakeholders from institutional and
private sectors with the non-space community.
“We want to draw more people into the future,
and explain how they can get involved. The
opportunities are unlimited,” said David Parker,
(6$ 'LUHFWRU RI +XPDQ 6SDFHăLJKW DQG 5RERWLF
Exploration. “We all have to take advantage of the
amazing thing we have created in the International
Space Station.”
There was much talk about the value and
EHQHĂWV UHVXOWLQJ IURP WKH ,QWHUQDWLRQDO 6SDFH
Station (ISS), a global platform for research and
development with scientists from over 90 nations
running experiments to drive innovation.
The major assembly of the Space Station was
FRPSOHWHGLQDQGZHQRZKDYHĂYH\HDUV

Bernhard Hufenbach
ESA Directorate of
Human & Robotic
Exploration, ESTEC,
The Netherlands

One euro
spent on the
ISS produces
a total of
1.8 euros of
value for the
European
economy
Discussing how to feed
the planet (from left): Roy
O’Mahony, Øyvind Mejdell
Jakobsen, Pierre Magnes,
Rob Suters and Frank
Zimmermann. Roderik
van Grieken moderated
the panel.
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Namira Salim, Space
Tourist and Founder of
Space Trust.

ESA/M Alexander

Pictured (from left):
Gerd-Ulrich Grün, Sylvie
Duflot, Olivier de Laet, Walt
Aldred and Chriss Bee.

a total of 1.8 euros of value for the European
economy. The Space Station is also a job generator
- for each new job supported in the space sector
thanks to the ISS programme, one additional job
was supported in the wider economy.
More and more, this platform in low Earth orbit
is becoming a place that is not just limited to
what space agencies do and during the two-day
conference expert speakers repeatedly called for
broader access and use of the Space Station, with
PRUHăH[LEOHDQGRSHQPLQGHGDSSURDFKHV

96 ROOM

For Marybeth Edeen, NASA manager of the ISS
5HVHDUFK ,QWHJUDWLRQ 2IĂFH WKH IRUPXOD LV FOHDU
“We should allow companies as much time, effort
and risk as they are willing to accept. Whether
their research is going to be successful has to be
their discussion, not our decision. We need to
scale back our requirements to make it as simple
as we can for them to get to orbit.”
Scientists and private companies were invited to
take advantage of the Space Station. David Parker
even made an offer - a third of all the research
opportunities should be offered to industry.
Figures from NASA suggest about 30 per cent of
ISS users should be commercial users.
However, there was also the acknowledgement
that research in space is not an easy thing to
take on. “It is not immediately obvious where
microgravity experimentation can come in handy
for industry,” explained Chris Bee, ESA Technology
Transfer Broker for the UK.
When contacting companies to promote
research and development of their products and
ideas in space. “We just have about a hundred to
RQH VXFFHVV UDWH ,W LV OLNH WUXIăH KXQWLQJÞ %HH
added. According to him, the event was key to
improving that success rate.
ESA had already committed to participate in
the exploitation of the Space Station up to 2020
and during the ESA Council at Ministerial level in
December 2016 European Member States agreed
to continue funding ISS exploitation activities
through to 2024.
The international partners wish to keep it
orbiting Earth as long as they can, taking into
DFFRXQW WKDW LW KDV EHHQ WHFKQLFDOO\ FHUWLĂHG IRU
operations up to 2028. However, there is the need
WRĂQGDZD\WRWUDQVLWLRQVPRRWKO\IURPWKH,66

ESA/M Alexander

ESA
recognises
that agencies
won’t any
longer be sole
customers and
so is seeking
to strengthen
the economic
dimensions
of space
exploration

ESA/M Alexander

Beth Healey.
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ESA/M Alexander

Discussing cultural
aspects of space (from
left): Duncan Copp,
Thorsten Schmidt, Angelo
Vermeulen, Annalisa
Dominoni, Benedetto
Quaquaro and Helen Keen.

to a new platform. NASA intends to cede low Earth
orbit to commercial ventures.
When more and more people regularly enter
RUELW ZH FRXOG ÝLQGXVWULDOLVH VSDFHăLJKW  DQG
that will allow us to explore deep space in a
sustainable way”, believes Michael Suffredini,
president of the commercial space division of
Stinger Ghaffarian Technologies.

echoed these thoughts. “In the US there is a
tremendous amount of risk taken. It takes some
guts, passion and long term commitment going
after commercial space,” he added.
Public-private partnerships seem to be the key
for low Earth orbit operations. “The end users of
/(2FRPPHUFLDOLVDWLRQZLOOEHK\EULGÞVXJJHVWV

Maria van der Hoeven,
former Dutch Minister of
Education, Culture and
Science.

In March 2015, ESA launched an initiative aimed at
opening new opportunities to the private sector.
It invited industrial partners to come forward with
partnership ideas that will help advance objectives
for exploration but underpinned by an industrial
business plan.
ESA recognises that agencies won’t any
longer be sole customers and so is seeking to
strengthen the economic dimensions of space
exploration, and ultimately contribute to the
sustainability of space exploration in low Earth
orbit and beyond. It is offering a ‘launch pad’
to develop products and services. Following a
call for ideas, ESA and eight private partners
have concurred on their mutual interest in
projects that will be carried forward through
a pilot phase to assess its feasibility and
commercial viability.
0RVW RI WKH DWWHQGHHV FRQĂUPHG WKLV WUHQG
During a live audience poll, most participants
voted for industry having a driving role in the
push for commercial utilisation of space, an
opinion shared by Walter Cugno, vice president of
Exploration and Science Domain at Thales Alenia
Space Italia. “The role of the private companies in
/(2 VKRXOG EH LQFUHDVHGZLWKEXVLQHVVSODQVSXW
in place,” he said.
-RKQ 5RWK ZKR ZRUNV LQ VWUDWHJ\ DQG EXVLQHVV
development at Sierra Nevada Corporation,

ESA/M Alexander

Space goes commercial

Solutions ‘made in space’ are helping to shape
our daily lives and address global challenges
on Earth in areas such as energy, health and
food production
ROOM 97
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Promoting the role of
the private sector in space
during a networking
session.

New space
The new space is a crossroad of sectors, resources
and people. ESA is already forging new partnerships
with the private sector and planning new ways of
working together. Mariana Mazzucato, professor
RI 6FLHQFH 3ROLF\ 5HVHDUFK DW WKH 8QLYHUVLW\
of Sussex, highlighted the success of missionoriented organisations like ESA, and the role of the
governments supporting them.
“I want to debunk the dichotomy between the
ERULQJEXWQHHGHG Ă[WKHEDVLFSUREOHPSXEOLF
sector versus revolutionary Elon Musk. Elon, be
part of the new conversation. Government is
more than just the money it collects from taxes,”
she asserted.
5DLQHU +RUQ H[SODLQHG WKDW ZKLOH ELOOLRQDLUHV OLNH
Elon Musk attract other entrepreneurs into the
game, this New Space is “very particular” in the
way it motivates a unique type of personnel. “The
talented staff is not motivated for technological
perfection but to achieve ambition,” he said.
“Why don’t we provide our platforms to
entrepreneurs, investors and the public to enable
them to start working with all these technologies?”
DVNHG 5RE 6XWHUV RI 0HOLVVD ; Ý:HÛYH GHFLGHG WR
move away from the classical technology transfer
model and change the paradigm.”
ESA Director General Johann-Dietrich Woerner
has coined the concept ‘Space 4.0’. In his own
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Rainer Horn.

words, this new version of space is “innovation and
information to inspire and to interact”.

Space to inspire
Exploration is not only science but also
economic gain. It is not only international
cooperation, but it is also inspiration for
everyone on planet Earth. Engagement is an
important part of the process. “Whether you
ZRUN LQ WKH IDVKLRQ IDUPLQJ IRRG RU ĂOP
industries, the message is to be as inclusive as
\RX FDQÞ VDLG ĂOP SURGXFHU 'XQFDQ &RSS Ý7KH
more we assimilate the idea of space into the
fabric of society, the easier people will accept it,”
he added.

ESA/M Alexander

%DUW 5HLMQHQ KHDG RI WKH %UHPHQ VLWH IRU $LUEXV
D&S. Now is the time to plan new ways of
working together - and the clock is ticking.
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Participants voted for industry having a
driving role in the push for commercial utilisation
of space
until we solve our problems on Earth. “Incredible
technological advances in the past years have
lifted a billion people out of poverty,” he claimed.

ESA Director of Human
Spaceflight and Robotic
Exploration David Parker.

Space for Inspiration was also a celebration
of the diversity and pervasiveness of space in
WHFKQRORJ\ LQGXVWU\ DQG FXOWXUH 2WKHU VSHDNHUV
introduced work that used space as inspiration,
including Michelin-starred chef Thorsten Schmidt,
research doctor Beth Healey - who spent a year
in Antarctica - Politecnico di Milano professor of
GHVLJQ $QQDOLVD 'RPLQRQL DQG WKH 5DVSEHUU\ 3L
Foundation’s education engineer David Honess.

Down to Earth
Solutions ‘made in space’ are helping to shape
our daily lives and address global challenges on
Earth in areas such as energy, health and food
production. Many promising ideas were discussed.
An ESA-developed water treatment system
was chosen as one of the 100 top climate
technologies at the latest UN climate change
conference. It was developed for the remote
station Concordia in Antarctica and it is being
used right now in Morocco.
5RE 6XWHUV PDQDJLQJ GLUHFWRU RI ,36WDU %9
maintained that the challenges in space are
essentially the same as on Earth: water, waste,
food and energy. And Abhay Bhagwat, senior
director for sustainable innovation at Unilever,
VDLG Ý, GRQÛW VHH DQ\ FRQăLFW EHWZHHQ PHHWLQJ WKH
basic needs of the human population and thinking
about the future of mankind.”
In this context, Pedro Matos, project manager
of the World Food Programme, believes that
it would be unrealistic to ask mankind to stop
dreaming about space exploration for two decades

This event has been the start of a process, and it
is not intended to be a one-off. “We want to build
new partnerships and explain that the ISS is not
just about space agencies. We want to use this
opportunity today as a kick starter to interact with
a broader community,” said David Parker.
ESA wants to keep exploring our Solar System
and beyond. It is at the beginning of an exciting
adventure, mobilising efforts and ideas to get
further into space, and not stop dreaming about
a better future on Earth and in space. After all, as
Kirk Shireman puts it in his role as NASA manager
RI WKH ,66 SURJUDPPH Ý2XU WHHQDJHUV KDYH QHYHU
known a time when humans didn’t live and work in
space. What a wonderful thing that is.”
About the author
%HUQKDUG +XIHQEDFK LV KHDG RI (6$ÛV 6WUDWHJLF 3ODQQLQJ DQG 2XWUHDFK
2IĂFH IRU 6SDFH ([SORUDWLRQ UHVSRQVLEOH IRU VXSSRUWLQJ (6$ZLGH
strategic plans for space exploration and enlarging the stakeholder
community engaged in the space exploration endeavour. He is involved
LQ WKH GHĂQLWLRQ RI IXWXUH VSDFH H[SORUDWLRQ PLVVLRQV DQG (6$ UROHV
the development of strategic partnerships, and the stimulation of
commercial activities related to space exploration.

Gregor Morfill, CEO of
Terraplasma GmbH,
receives the award
‘Solution to Global
Challenges’ for the
success of his work in
transferring cold plasma
applications from space to
Earth. He is pictured with
Maria van der Hoeven and
Jean-Claude Worms.
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Future steps
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Left: Astronaut/Artist
Karen Nyberg, ISS
Expedition 37, shares her
star quilt block.
Right: Astronaut/Artist
Karen Nyberg with the
completed AstroBlock
Quilt Challenge quilt that
incorporates her star
block in the centre.

Space for art
Quilting in orbit
he ‘Space for Art’ column is dedicated
to the inspiration that comes from the
interaction between space and art. One
of the most interesting things about
this inspiration is that it presents itself in many
artistic forms - and it is always such a pleasure to
be surprised by discovering some new and
creative way that artists are presenting the story
of space exploration.
One of these surprising and recent discoveries
is the world of quilting. This is another whole
ZRUOG RI ĂQH DUW WKDW , ZDV FRPSOHWHO\ XQDZDUH
of but thrilled to have now discovered. Of
particular interest, of course, has been spacethemed quilts.
7KHVH DUH TXLOWV FUHDWHG DQG VHZQ E\ ÚĂEUHÛ DUWLVWV
- and in addition to simple fabric and thread, they
also beautifully incorporate many forms of mixed
media to add texture and dimension.
So, how did this wonderful discovery come
about? You might recall in the last issue of ROOM,
we featured the story of the Space Suit Art Project.
+23(  WKH ĂUVW RI WKH DUW VXLWV  ZDV FUHDWHG
from the individual paintings by children at the
University of Texas MD Anderson Cancer Center
that were then beautifully quilted together by
VSDFH VXLW PDQXIDFWXUHU ,/& 'RYHU
HOPE was invited to participate in a display at
WKH  ,QWHUQDWLRQDO 4XLOW )HVWLYDO LQ +RXVWRQ
TX. This is where we made our acquaintance with
WKHZRQGHUIXOZRUOGRIĂQHDUWTXLOWLQJ

T

Nicole Stott
Artist, Astronaut and
SciArt Advocate

100 ROOM

$V D SRLQW RI UHăHFWLRQ DQG WR KLJKOLJKW DQRWKHU
ĂUVW LQ WKH LQWHUDFWLRQ EHWZHHQ VSDFH DQG DUW
GXULQJ KHU ,QWHUQDWLRQDO 6SDFH 6WDWLRQ ,66
Expedition 37 mission in 2013, astronaut Karen
1\EHUJ EHFDPH WKH ĂUVW DVWURQDXW DQG DUWLVW WR
quilt in space. Not only did she quilt in space but
she did so by sharing her quilting experience in a
global way.
While in orbit, Karen sewed her own starthemed quilt block and - in partnership with the
,QWHUQDWLRQDO 4XLOW )HVWLYDO  VKH DOVR LQYLWHG IHOORZ
crafters to join her in stitching together a global
community space quilt made from their own
star-themed quilt blocks and to help celebrate her
mission and passion for the quilting arts.
.DUHQÛV Ú$VWUR%ORFN 4XLOWLQJ &KDOOHQJHÛ UHFHLYHG
RYHU  TXLOW EORFNV IURP DURXQG WKH ZRUOG7RR
many for just one quilt so they made 28.
Karen’s art and her own love of quilting certainly
generated more excitement for the art of quilting,
but at the same time did a great job opening
up the world of space exploration to a group
of people who might not otherwise have been
interested. As a result, generating excitement
about all the amazing things happening in space
WKDW DUH EHQHĂWWLQJ XV DOO ULJKW KHUH RQ (DUWK
$W WKLV \HDUÛV ,QWHUQDWLRQDO 4XLOW )HVWLYDO
in Houston, the AstroBlock Challenge quilts
were on display again and HOPE was displayed
alongside the quilt that features Karen’s star
block at its centre.

N Stott

N Stott

N Stott
N Stott

,Q .DUHQÛV RZQ ZRUGV Ý, WKLQN LWÛV H[WUHPHO\
important to be well-rounded and exercise both
sides of your brain - and sometimes if you build
WKH FUHDWLYH SDUW \RX QHHG WKDW LQ WKH VFLHQWLĂF
SDUW DV ZHOO ,ÛP VR KDSS\ WKH ZD\ WKLV WXUQHG RXW
EHFDXVH ZKDW , KDG LQ P\ PLQG ZKDW , GUHDPHG LW
WXUQLQJ LQWR DFWXDOO\ GLG ,Q IDFWLWLVELJJHUWKDQ
WKDWÞ Ú6SDFH IRU $UWÛ DJUHHV
As if the AstroBlock Challenge quilts and
+23( RQ GLVSOD\ ZLWK WKHP ZDVQÛW HQRXJK , ZDV
LPSUHVVHG WR DOVR ĂQG WKH VWRU\ RI WKH $SROOROXQDU
missions being told through quilts.
,Q DQ DSSURSULDWHO\ QDPHG FROOHFWLRQ Ú)O\ 0H
to the Moon’, quilting artist Susanne Jones has
curated art quilts from artists in eight countries
around the world in celebration of humankind’s
ĂUVW ZDON RQ WKH 0RRQ
As Susanne describes it, this multifaceted
FROOHFWLRQ LQFOXGHV TXLOWV WKDW ÝFRPPHPRUDWH
the iconic images from the news; recall personal
memories of July 20, 1969; honour all of the Apollo
missions; recognise all of the Apollo astronauts;
LQYHVWLJDWH VFLHQWLĂF 0RRQ LPDJHV H[DPLQH 1$6$ÛV
cool tools; explain myths associated with the Moon;
GHĂQH 0RRQ LGLRPV UHSOD\ PXVLF LQVSLUHG E\ WKH
Moon; visit pop culture icons; and make us fall in
love again under the romantic Moon”.
All of the quilts in this collection are 18 inches
wide and 30 inches long and were curated to be a
cohesive exhibit. Although the quilts are varied in
style, the theme is always the same - the Moon - and
the 179 art quilts tell the story of our fascination with
our nearest planetary neighbour since the dawn of
time through to the Apollo moon walks and beyond.
%RWK ZHOONQRZQ DQG QHZ ĂEUH DUWLVWV KDYH
stretched their creative muscles to draw the
viewer in to the world of science, romance, history
DQG IDQWDV\ <RX FDQ VHH DOO RI WKH Ú)O\ 0H WR WKH
0RRQÛ TXLOWV KHUH KWWSVZZZă\PHWRWKHPRRQ
gallery/art-quilts/
, KDYH YLYLG SHUVRQDO PHPRU\ RI ZDWFKLQJ 1HLO
$UPVWURQJDQG%X]]$OGULQWDNHWKRVHĂUVWVWHSV

N Stott
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on the Moon, and my own memories of excitement
about it, of going outside and looking at the Moon
and my parents reminding me that that’s where
these two men were ‘walking’ - and of thinking about
just how incredible that really was.
The Moon has been inspiring us since human
EHLQJV ĂUVW ORRNHG WRZDUG WKH VN\ DQG UHFRJQLVHG
the glowing beauty and wonder of it. We have been
there. My hope is that we will be going back in my
lifetime, that we will establish a permanent presence
there, and that our place on the Moon will inspire us
to continue to explore even farther from our home
planet to places like Mars and beyond.
/LNH WKLV EHDXWLIXO FROOHFWLRQ RI TXLOWV WKDW WHOO RXU
VWRU\ RI RXU KLVWRU\ DQG H[SHULHQFH ZLWK WKH 0RRQ ,
look forward to the quilts that will tell the stories of
our future missions back to the Moon, on to Mars,
DQG EH\RQG
When we go back to the Moon and when we make
WKRVH ĂUVW VWHSV RQ 0DUV ZH ZLOO EH ZHDULQJ VSDFH
suits. As we’ve seen, space suits designed for use in
space have inspired space suit art, but they have also
inspired fashion designers to think differently about
our own Earthly clothing.
That inspiration has been based on the
technology as well as on the ‘cool’ factor that
FRPHV IURP DOO WKLQJV VSDFH &RQWLQXLQJ WKLV
HGLWLRQÛV WKHPH RI WKH ĂQH DUW RI ĂEUH DUWLVWV
please continue reading and discover more
in the following article by Annalisa Dominoni
DQG %HQHGHWWR 4XDTXDUR RI WKH 3ROLWHFQLFR GL
0LODQR ,WDO\ DERXW KRZ Ú6SDFHUHVHDUFKLQVSLUHV
innovation in fashion’.

Top left: The Moon in
the Classroom” by Patricia
A Hobbs.
‘Top right: Leaving Home:
Launch of the Apollo 8’ by
Tanya A Brown.
Bottom left: ‘The Rocket
that Grandpa Rode’ by
Joanne S Best.
Bottom right: ‘Pseudo
Lunar Topography’ by
Meggan Czapiga.

HOPE, The Space Suit
Art Project, on display
with the Karen’s
AstroBlock Challenge
quilt at the 2016
International Quilt Festival
in Houston, Texas, USA.
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Space research inspires
innovation in fashion
Moon Boot advertising
campaign clearly
displaying the inspiration
from Armstrong’s first
lunar footprint.
Innovative shape and
material together with
lightness and freedom of
movement are the
keywords of the success
of the Italian brand.

How many times has space inspired us? Our worlds of thought - science,
philosophy, religion, technology, literature - have always looked into the
universe. As have the many disciplines related to art and its practice design, cinematography, communications, music and many more. The sky
and stars continue to exert a strong influence on our culture - nowhere more
so than in the world of fashion.
Annalisa Dominoni
School of Design,
Politecnico di Milano,
and Co-Owner of (a+b)
dominoni, quaquaro

Benedetto Quaquaro
School of Design,
Politecnico di Milano,
and Co-Owner of (a+b)
dominoni, quaquaro
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nnovation, shape, scenario and narration
as well as technology can suggest to us
new ideas and products destined to
revolutionise the world of production and
become best sellers on the international market.
For example, from Neil Armstrong’s lunar boots
came a pair of sneakers with a strong power of
absorption thanks to technology transfer.
At the same time and looking from another
point of view, the Moon landing has also inspired
great ideas, like the Venetian entrepreneur
Giancarlo Zanatta, who in 1970 decided to clone
the ‘footprint’ of Armstrong’s foot to make the
mythical Moon Boot snow boots.
“America is thrilled and celebrates its conquest
of space,” says Zanatta in an interview by Claudio
Trabona, ‘Dal piede di Armstrong l’idea per i miei
Moon Boot’ for Corriere del Veneto in July 2009.
Standing in front of a giant poster of Buzz Aldrin

I

walking on the Moon, he says: “It’s beautiful, it
is strong, the man seems to come out from the
image. I cannot take my eyes off those boots so
special and from that imprint. Well, it happened
to all of us if we think about it: the world’s
attention was not directed precisely at the foot of
the astronauts?
“If we strive to remember, each of us will think of
Armstrong descending the ladder, the gait clumsy
and bouncy, the famous phrase ‘a giant leap for
mankind’ witnessed by so many and clear footprints
on the dust from between the craters. Everything
is focused on those feet. Here the bulb lights up.
Why not copy those funny boots and make snow
boots that leave a similar imprint on the snow? I
came back to Giavera del Montello, in my factory,
and decided to try it. Three of us worked on this
product along with a designer for the logo. The
only complication, if I may say so, was the sole
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that would have to reproduce the footprint on the
0RRQ HIIHFW DFWXDOO\ ODWHU PRGLĂHG WR PDNH LW PRUH
adherent to the slippery surface of the snow.
Ý1RW HYHU\RQH LQ WKH FRPSDQ\ LV FRQĂGHQW
about this,” he admits. “Some who asked, ‘but
where do we go with sta ciabatta? [from the
Italian dialect word ‘slipper’] were resoundingly
contradicted. A few days after the launch, at a
trade show in Germany, orders begin to rain in.
Hundreds. Thousands. Today, some 40 years later,
we can count 23 million pairs sold. And thanks to
the Moon Boots, the Tecnica Group has risen to
worldwide fame.”
A pair of snow boots evoking the greatest of
conquests has a very strong appeal to consumers:
the result of subliminal marketing combined with
strong product innovation. The Moon Boot was
FUHDWHG XVLQJ Q\ORQ ĂEUH WKH PD[LPXP LQ WHUPV
of modernity during the Seventies, a time when
mountain shoes continued to use traditional raw
materials - the skins and furs of animal origin.
Another big innovation was the introduction of a
bright colour palette, which was revolutionary in
the day. Of course, these were the times of Pop Art
and Andy Warhol, who spread a new vision through
presenting and valuing consumer goods as powerful
visual communication signs, which were considered
important enough to become privileged subjects of
the art in themselves. In this international context,
a company which proposes a new shoe that rejects
the eternal brown leather is a striking thing! But
that’s not all: with ambidextrous footwear, and
without size constraints, customers feel more free
and light.

The Moon Boot can also be considered as one
RI WKH ĂUVW H[DPSOHV RI ÚGHPRFUDWLFÛ GHVLJQ LW LV
on the feet of movie stars and queens, but also
of all of us, thanks to a simple construction and
relatively low price.
This is an example of a brilliant idea that turns
into a commercial success, an adventure that
becomes almost poetic and ultimately a museum
piece too. In the year 2000, the Louvre in Paris
chose Tecnica’s Moon Boot as one of the hundred
objects of the 20th Century most representative of
the history of world costume.
And today Moon Boot is one of the few
trademarks allowed in the Italian dictionary: a
product so successful as to become a common
name, a word in current use. It is a very interesting
case-study of a technological spin-off related
to the innovation of meaning, innovation of
emotional language and innovation of usability of
the product.
The inspiration from Armstrong’s footprint is the
transfer of a unique image that reminds us of an
extraordinary human challenge - and for that reason,
this shape assumes an evocative meaning and exerts
a strong power on our emotional choices.

Andy Warhol’s
‘Moonwalk’. The brilliant
use of the Pop Art colours
spread a new vision to the
value of consumer goods
and had a major influence
on the Moon Boot palette
as it moved away for the
first time from eternal
brown leather.

A pair of snow
boots evoking
the greatest of
conquests has
a very strong
appeal to
consumers
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Many fashion designers have often turned
to science fiction and its associated futurism
for inspiration
Pierre Cardin’s ‘The
Sputnik Girls’. Visions of
the future from the likes
of Pierre Cardin, André
Courreges, Paco Rabanne
started during the 1960s
with experimental fashion
based on space styles and
innovative materials, with
the aim to inspiring
dreams and suggesting
new ways to live and
dress.

VEST project
The author experimented with a similar kind of
spin-off project in terms of usability transfer
during the feasibility study carried out for the
VEST project [Clothing Support System for IntraVehicular Activities design by Annalisa Dominoni
and tested onboard the International Space Station
by astronaut Roberto Vittori during two European
DVWURQDXW VSDFHăLJKWV LQ  DQG @
This involved retrieving and making use of
methods and techniques that already exist in
familiar clothes on Earth and transferring them
to new garments for space, which have different
needs and requirements.
Dominoni began identifying new wearability
parameters to cater for the astronauts’
discomforts, creating garments for microgravity
around the Neutral Body Posture (NBP) that
astronauts take on in orbit, which is very similar
to a person’s posture underwater, with their limbs
bent, knees and elbows tending to move upwards
and head tipped forward.
Surveys carried out during design research
showed that the NBP is, in fact, very similar
to the posture adopted by snowboarders, and
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André Courrege and
the early influence of
microgravity in haute
couture during the early
1960s.

correspondingly she decided to transfer certain
functional adjustments designed to make clothing
more comfortable for snowboarders - in terms of
the cut, stitching and tailoring of garments - to
the clothing system for astronauts. In this case
the ‘language of usability’ allows transferring
FRQYHQWLRQDO RXWĂWV WKDW DUH HDVLHU WRKDQGOHWR
DQRWKHU ĂHOG LQ WKLV FDVH VSDFH
Fashion designers have been inspired by space,
HQYLVDJLQJ QHZ VFHQDULRV H[SORUHG E\ WKH ĂUVW
human missions and the astronauts’ experiences.
7KH PLFURJUDYLW\ HIIHFW ZLWK WKH SRVVLELOLW\ WR ă\
and move in weightlessness, and the possibility to
look at our planet from an external point of view,
are the two most innovative and extraordinary
conditions able to generate visual suggestions
that can be translated into shapes, colours and
materials: rounded volumes, optical white, and
silver nuances such as brilliant moon powder,
PLUURULQJ PHWDOV DQG V\QWKHWLF ĂEUHV
Visions of the future from Pierre Cardin, André
Courreges and Paco Rabanne started during the
1960s with research on experimental fashion based
on ‘space’ styles and innovative materials, with the
aim of foreseeing new ways of living and dressing
capable of suggesting dreams and inspiring people.
Fashion designer Paco Rabanne was at the
helm of the 1960s ‘Space Age Fashion’ movement
thanks to his use of unconventional materials,
making clothes from plastics and metals. Indeed,
his inaugural 1966 collection was titled ‘Twelve
Unwearable Dresses in Contemporary Materials’.
His signature dresses comprised of plastic discs
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or aluminium plates strung in a way that was
reminiscent of chainmail.
Rabanne extended his research to popular
VFLHQFH ĂFWLRQ ZKHQ KH GHVLJQHG WKH FRVWXPHV
IRU WKH FODVVLF FXOW ĂOP %DUEDUHOOD LQ  ZKLFK
is set in the 41st century. As for today, under the
direction of Julien Dossena, the fashion house has
been returning to its futuristic roots with chainmail
skirts, sheer nylon and Perspex wedge boots.
Many fashion designers have often turned
WR VFLHQFH ĂFWLRQ DQG LWV DVVRFLDWHG IXWXULVP
for inspiration. The distinctive costumes from
FXOW VFLHQFH ĂFWLRQ ĂOPV KDYH SURYHG ODVWLQJ
LQăXHQFHV IURP -HDQ 3DXO *DXOWLHUÛV ORRNV LQ 7KH
Fifth Element to the punk-rock garb of Ridley
Scott’s Blade Runner and the robot from the 1927
VLOHQW ĂOP 0HWURSROLV ZKLFK KDV EHHQ HPEUDFHG
by the likes of Karl Lagerfeld and Thierry Mugler.
And this trend continues. The Star Wars
saga was an inspiration behind the new fashion
show for men of Versace in 2016: tracksuits in
RSWLFDO ĂEUH VKLUWV ZLWK OXPLQHVFHQW SLSLQJ DV
in astronaut suits, outwear with embroideries
like space debris, leather jackets decorated
with crystals, jeans with imprinted entire
constellations, sneakers with lunar landing soles.
“The Versace man has always been a pioneer
connected with the future,” suggests Donatella
Versace, whose ambition is as big as the universe.

Studies across technology management have
shown that innovation often comes from a
recombination of existing pieces of knowledge.
Henri Poincaré talks about creativity as the ability
to create useful new combinations of existing
elements and claims that the intuitive way of
recognising the usefulness of a new combination is
“that it is beautiful”.
Of course, he is not talking about beauty in a
strictly aesthetic sense, but as something related
to elegance as a mathematician might understand
it - harmony, simplicity of signs, practical
FRUUHVSRQGHQFH WR SXUSRVH 7KLV GHĂQLWLRQ DSSOLHV
to the sciences, arts, technology and also to design.
Indeed, it seems to overlap with the designVSHFLĂF FDSDFLW\ WR FUHDWH LQQRYDWLRQ WKURXJK WKH
transfer of contexts, possible uses, technology and
materials into a range of different sectors. This
familiar practice among designers is generally
referred to by the expression ‘spin-off’.
Hussein Chalayan, Alexander McQueen and Iris
Van Herpen are among contemporary fashion
designers that have better explored the iconic world
of Space, looking at technology and smart materials
as a plus value to enrich their design proposals and
translate them into ‘science experiments’.
British-Cypriot fashion designer Hussein
Chalayan is the master of metamorphosis. He
views technology as “a way of pushing the
boundaries of what’s possible”, and his dedication
to sartorial innovation was particularly evident
in his fashion show in 2007 when he presented a
suite of computer-operated Transformer Dresses
which morphed into silhouettes reminiscent of
satellite solar panels.

Paco Rabanne was
inspired to design space
dresses comprising plastic
discs or aluminium plates
strung in a way that was
reminiscent of chain mail.

The sky
and stars
continue to
exert a strong
influence on
our culture and nowhere
more so than
in the world of
fashion

Paco Rabanne
extended his research to
popular science fiction
when he designed the
costumes for the classic
cult film Barbarella in
1968, which was set in the
41st century.
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The Fifth Element
science fiction movie
featured costumes
inspired by a space future
designed by Jean Paul
Gaultier.

The traditional
distinction
between the
haute couture
and prêt-àporter was
based on the
handmade and
the machinemade but
recently this
has become
increasingly
blurred

The early 1980s film
Blade Runner continues to
influence fashion design.
Karl Lagerfeld and Thierry
Mugler were among the
first to embrace the
punk-rock garb of
‘replicants’. The film
featured costumes
inspired by a space future
designed by Jean Paul
Gaultier.
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The micromotor-powered garments crept
across the wearers’ bodies as sleeves shortened
and hems lifted. In a poetic paradox, the actual
aesthetics of these innovative pieces were inspired
by mixing old-fashioned and Victorian styles
PRUSKLQJ LQWR ăDSSHU VLOKRXHWWHV &KDOD\DQ SDLG
homage to the digital era with his ‘video’ dress,
which was made from led lights and played pixel
cityscape scenes.
Fashion designer Alexander McQueen also
FDXVHG D VWLU ZKHQ UHăHFWLQJ DQG SURSKHV\LQJ
about the future. In 1999, during his time at the
helm of Givenchy, he presented during a fashion
show a truly artistic performance with robots
spraying colours on the white dress of a model
who was rotating herself.

The techno revolution of McQueen takes
LQVSLUDWLRQ IURP VSDFH VFLHQFH ĂFWLRQ DQG
robots: his catwalk models are like cyborgs with
WKHLU ERG\VXLWV FRYHUHG LQ QHDW FRQĂJXUDWLRQV RI
PXOWLFRORXU /(' OLJKWV PRXQWHG RQ DUWLĂFLDO VNLQ
made of moulded transparent Plexiglas to create
a body-hugging bodice - which conjured visions
of a human circuit board, with each model also
wearing a 12-volt battery pack on her back.
Iris Van Herpen, the celebrated ‘fashion alchemist’
ZKR ZDV WKH ĂUVW GHVLJQHU WR FUHDWH D ' SULQWHG
dress, has long explored the dynamic relationship
with science and the digital world. Her visionary
brand of sartorial creativity reached a climax with
her human installation ‘Biopiracy’ in 2014.
In an uncomfortable voyeuristic display, models
were vacuum-packed in plastic, similar to a piece of
sous-vide supermarket meat, and suspended several
IHHW DERYH WKH JURXQG ,W ZDVQÛW WKH ĂUVW WLPH WKH
Dutch designer had turned a fashion show into a
science experiment: her haute couture show ‘Voltage’
LQ  EHJDQ ZLWK OLJKWQLQJOLNH HOHFWULFDO ăDVKHV
emanating from a model standing on a pedestal.
If, traditionally, the distinction between the
haute couture and prêt-à-porter was based on the
handmade and the machine-made, recently this
distinction has become increasingly blurred as
both disciplines have embraced the practices and
techniques of the other.
Today we can choose several handmade couture
items, featuring techniques such as embroidery,
pleating and lacework, but also machine-made
dresses but tailored as handmade, thanks to new
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technologies like laser cutting, thermo-shaping
and circular knitting, or items digitally produced
by 3D printing.
7KH &KDQHO FRXWXUH FROOHFWLRQ RI  VKRZ
cased prime examples with rich tweed suits
woven through 3D printed lattices, and the
Metropolitan Museum of Art in New York chose
the theme for 2016 of ‘Manus x Machina: Fashion
in an Age of Technology’ focussing on the
dichotomy between handmade haute couture and
machine-made fashion.
More often than not our fashion system looks
at innovation as a big challenge and a great
opportunity to experiment in new ways to create
garments and new design languages inspired
by space technology. Fashion designers try to
interpret the new dimension we are all living by
integrating the exciting new notions of digital,
virtual and cyber with real life.

The Star Wars saga
continues to be a great
inspiration for
contemporary fashion
designers, like the new
fashion show for men in
Versace during 2016.
The collection of
Transformer Dresses
from Hussein Chalayan.
open their shapes as
solar panels during the
show.

Alexander McQueen’s techno revolution with Givenchy
in 1999 takes inspiration from space, science fiction and
robots. His models are like cyborgs with their bodysuits
covered in neat configurations of multicolour LED lights
mounted on artificial skin made of moulded transparent
Plexiglas to create a body-hugging bodice.
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Book reviews
Mark Williamson
Space Technology
Consultant

ROOM reviews books of interest to both the general reader and space
professional. Our policy is one of impartiality and honesty, so if a book
has failings we believe should be brought to the attention of potential
purchasers we will do so. On the other hand, if it is useful, informative
and entertaining, we will say so. In this way, we hope to provide a useful
service to readers.

2001: The Lost Science –
The Scientists, Influences
& Designs
Adam K Johnson
Apogee Prime, 2016, 88pp, softback

$49.95
ISBN 978-1-137-43852-2

KH ĂOP  $ 6SDFH 2G\VVH\ UHOHDVHG LQ
 KDV D SODFH LQ WKH KHDUWV RI PDQ\ D
VSDFH EXII PDLQO\ EHFDXVH RI LWV GHSLFWLRQ
RI D IXWXUH UHSOHWH ZLWK VKXWWOHV PRRQ
EDVHV DQG FUHZHG LQWHUSODQHWDU\ VSDFHFUDIW 7KLV
ERRN LV D KLJKO\LOOXVWUDWHG FHOHEUDWLRQ RI WKDW
IRUZDUGORRNLQJ ĂOP DQG LQ FRPPRQ ZLWK WKH ĂUVW
YROXPH GUDZV RQ WKH DUFKLYHV RI WKH ODWH )UHG
2UGZD\ ZKR ZRUNHG ZLWK 6WDQOH\ .XEULFN RQ WKH
PRYLH 7KLV YROXPH VXPPDULVHV WKH ZRUN RI VRPH
RI WKH VFLHQWLVWV DQG HQJLQHHUV ZKR LQăXHQFHG
.XEULFN 2UGZD\ DQG $UWKXU & &ODUNH WKH PDLQ
ZULWLQJ WDOHQW RQ WKH SURGXFWLRQ WHDP DQG GHSLFWV
VRPH RI WKHVSDFHFUDIWGHVLJQVWKDWPDGHLWLQWR
WKH ĂOP
%\ SDJH FRXQW LWÛV D VKRUW ERRN EXW WKH ODUJH
IRUPDW  FP [  FP SDJHV DQG WKH GHQVLW\
RI LQIRUPDWLRQ PDNH XS IRU WKLV 0RVW RI WKH
JUDSKLF PDWHULDO LV SULQWHG RQ SDJHV ZLWK D EODFN
EDFNJURXQG EXW LQ UHFRJQLWLRQ RI PDLQWDLQLQJ
WKH UHDGHUVÛ H\HVLJKW WKH WH[W LV VWDQGDUG EODFN RQ
ZKLWH 3ULQWHG SUHGRPLQDQWO\ LQ FRORXU EXW ZLWK
DUFKLYH PDWHULDO LQ WKH RULJLQDO PRQRFKURPHWKLV
LV D YHU\ ZHOOSURGXFHG ERRN
7KH HDUO\ VHFWLRQV SURYLGH D IDVFLQDWLQJ LQVLJKW
LQWR KRZ KLVWRULFDO ZULWLQJV DQG DFWXDO ZRUN RQ
URFNHWU\ SURYLGHG WKH EDFNJURXQG PDWHULDO IRU
VFLHQFH ĂFWLRQ ĂOPV IURP WKH VSDFH VWDWLRQ LQ
+HUPDQQ 3RWRFQLNDOLDV1RRUGXQJÛV  ERRN
DQG:HUQKHUYRQ%UDXQÛVFRQWULEXWLRQVWR&ROOLHUÛV
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PDJD]LQH WR :DOWHU 'RUQEHUJHUÛV ZULWLQJV RQ
URFNHWSURSHOOHG FRPPHUFLDO DLUOLQHUV Ø LWÛV DOO
KHUH $QG ZH PXVWQÛW IRUJHW :LOO\ /H\ .UDIIW
(KULFNH (UQVW 6WXOLQJHU DQG D KRVW RI RWKHU
FKDUDFWHUV IURP WKRVH HDUO\ *HUPDQGRPLQDWHG
GD\V RI URFNHW GHYHORSPHQW
,QWHUHVWLQJO\ .XEULFN RULJLQDOO\ LQWHQGHG WR
LQFOXGH D SURORJXH WR  IHDWXULQJ LQWHUYLHZV
ZLWK VRPH WRS VFLHQWLĂF PLQGV WR SURYH WKDW
KLV ĂOP ZDV SODXVLEOH 7KH LGHD ZDV HYHQWXDOO\
DEDQGRQHG DQG DOWKRXJK WKH RULJLQDO LQWHUYLHZ
PDWHULDO LV EHOLHYHG WR KDYH EHHQ GHVWUR\HG WKH
WUDQVFULSWV UHPDLQ 7KH ERRN FRQWDLQV VXPPDULHV
RI VRPH RI WKHP LQFOXGLQJ FRQWULEXWLRQV IURP
)UHHPDQ '\VRQ )UHG 'XUDQW DQG )UHG :KLSSOH
7KH VHFRQG SDUW RI WKH ERRN VKRZV ZKDW WKH
ÚLQăXHQFHVÛ RI WKH VXEWLWOH OHG WR LQ WHUPV RI
LQWHULRU GHVLJQ RI VSDFHFUDIW HTXLSPHQW DQG
H[WHUQDO VSDFHFUDIW GHVLJQ 7KH IRXU SDJHV
GHSLFWLQJ WKH  0RRQ %XV LQ PXOWLSOH HOHYDWLRQV
VLGH IURQW WRS HWF DUH SDUWLFXODUO\ LQWHUHVWLQJ
LQ WKDW WKH\ GRQÛW ORRN OLNH VFLHQFH ĂFWLRQ RQH
FRXOG HDVLO\ LPDJLQH D UHDO PRRQ EXV EDVHG RQWKLV
GHVLJQ VNLPPLQJ DFURVV WKH OXQDU VXUIDFH
$QG WKDW LQ D QXWVKHOO LV WKH EHDXW\ RI WKH ĂOP
HYHQ WRGD\ Ø DOPRVW KDOI D FHQWXU\ ODWHU Ø RQH FDQ
LPDJLQH VHHLQJ WKHVH VDPH VSDFHFUDIW LQ RSHUDWLRQ
8QIRUWXQDWHO\ WKH ZRUG ÚLPDJLQHÛ VD\V PRUH DERXW
RXU DELOLW\ WR IXQG UHDO VSDFH H[SORUDWLRQ WKDQ LW
GRHVDERXWVFLHQFHĂFWLRQÛVDELOLW\WRSUHGLFWLW

Book Reviews

RPH ERRNV DUH ORQJ LQ JHVWDWLRQ EXW 
\HDUV IRU WKLV RQH PXVW EH VRPH NLQG RI
UHFRUG Ø HYHQ IRU D KLVWRU\ ERRN +RZHYHU
WKHUH LV QR GRZQVLGH WR WKH GHOD\ LQ WKLV
FDVH )LUVWO\ WKH DXWKRU LV Ø DV WKH MDFNHW UHPLQGV
XV Ø ÝD ZRUOGUHFRJQLVHG KLVWRULDQ DQG DQDO\VW RI
VSDFH LVVXHVÞ VR QR SRWWHG KLVWRULHV KHUH  $QG
VHFRQGO\ WKH GHOD\ KDV DOORZHG WKH DXWKRUWLPHWR
FRQVXOW WKH DUFKLYHV RI YDULRXV 1$6$
$GPLQLVWUDWRUV DQG SROLWLFDO ĂJXUHV VXFK DV &DVSDU
:HLQEHUJHU DQG RI FRXUVH 5LFKDUG 1L[RQ :LWK LWV
YROXPLQRXV UHIHUHQFH QRWHV DQG VXEVWDQWLDO LQGH[
ZH FDQ EH DVVXUHG RI D SURIHVVLRQDO WUHDWPHQW DQG
WKDQNV WR WKH VNLOOV RIWKHDXWKRULWÛVDOVRD
IDVFLQDWLQJ UHDG
,Q  FKDSWHUV -RKQ /RJVGRQ WUDQVSRUWV KLV
UHDGHUV IURP WKH HQG RI WKH $SROOR HUD WR WKH
Ú:KDW 1H[W"Û 6SDFH 6KXWWOH HUD ZLWK VRPH GDPQLQJ
DQDO\VLV RQ WKH ZD\ Ý7KH VSDFH SURJUDP ZDV QRW
KLJK RQ 1L[RQÛV SROLF\ DJHQGDÞ VD\V WKH DXWKRU
ZLWK LQWHQWLRQDO XQGHUVWDWHPHQW +H TXRWHV WKH
SUHVLGHQWÛV VXJJHVWLRQ WKDW $SROOR  PLJKW EH
ÝWKH ODVW WLPHÞ LQ WKH FHQWXU\ WKDW PHQ ZRXOG ZDON
RQ WKH 0RRQ 1L[RQ KH RSLQHVÝHQVXUHGWKDWKLV
IRUHFDVW ZRXOG FRPH WUXHÞ
,Q WKH ĂQDO DQDO\VLV /RJVGRQ FRQWUDVWV 1L[RQÛV
VSDFH DJHQGD ZLWK .HQQHG\ÛV GHFLVLRQ WR JR WR WKH
0RRQ7KH$SROORSURJUDPPHÝODVWHGRQO\IURP

S

After Apollo? Richard Nixon and
the American Space Program
John M Logsdon
Palgrave Macmillan, 2015, 356pp, hardback

$24.99/£22.00
ISBN 978-0-8248-5268-9

 WR Þ KH VD\V 1L[RQÛV GHFLVLRQ WR EXLOG WKH
SRVW$SROOR SURJUDPPH URXQG WKH VKXWWOH ÝKDG
D IDU PRUH ODVWLQJ LPSDFWÞ ,QGHHG KH FRQFOXGHV
WKDW 1L[RQÛV GHFLVLRQ WR DSSURYH D ÝIXOO FDSDELOLW\
VKXWWOHÞ DPRXQWHG WR D ÝSROLF\ IDLOXUHÞ 7KH RSWLRQV
IRU VKXWWOH GHVLJQ DQG WKH UHDVRQLQJ EHKLQG WKLV
FRQFOXVLRQ DUH IXOO\ H[SORUHG LQ WKH ERRN
Ý, DP VXUH WKDW PDQ\ SHRSOH ZLOO QRW DJUHH
ZLWK P\ DVVHVVPHQW RI WKH 1L[RQ VSDFH KHULWDJH
HVSHFLDOO\ ZLWK UHVSHFW WR WKH VSDFH VKXWWOHÞ VD\V
WKH DXWKRU EXW ULJKWO\ PDNHV QR DSRORJ\ $IWHU D
FDUHHU GHYRWHG WR WKH SURJUDPPH KH UHJUHWV WKDW
KLV FRQFOXVLRQV DUH ÝVR GRZQEHDWÞ EXW KRSHV WKDW
ÝEHWWHU GD\V DUH DKHDGÞ <RX PD\ RU PD\ QRW DJUHH
ZLWK KLV DQDO\VLV EXW LW RIIHUV SOHQW\ RI IRRG IRU
WKRXJKW ZLWK UHIHUHQFHWRWKHGLUHFWLRQRIIXWXUH
86VSDFHSROLF\

Handbook of Space Law
Frans von der Dunk & Fabio
Tronchetti (Eds)
Edward Elgar Publishing, 2015,
1100pp, hardback

£215.00
ISBN 978-1-78100-035-9

RRNV RQ VSDFH ODZ DUH QRW RQ
HYHU\RQHÛV ZLVK OLVW EXW WKH HGLWRU
RI WKLV VXEVWDQWLDO WRPH PDNHV D
YHU\ JRRG FDVH IRU LWV H[LVWHQFH
ZLWK KLV ÚZK\Û ÚZKDWÛ DQG ÚKRZÛ DQDO\VLV RI
LWV FRQWHQWV 3XW VXFFLQFWO\ PRVW RI WKH
NH\ UHIHUHQFH VRXUFHV LQ VSDFH ODZ DUH
JHWWLQJ D ELW ORQJ LQ WKH WRRWK DQG ZKLOH
WKH WRSLF RULJLQDOO\ DSSOLHG DOPRVW
H[FOXVLYHO\ WR JRYHUQPHQWV LW LV IDVW
EHFRPLQJ UHOHYDQW WR FRPPHUFLDO
HQWHUSULVHV DQG LQGLYLGXDOV 7RSLFV VXFK DV
DVWHURLG PLQLQJ OXQDU H[SORUDWLRQ DQG
VSDFHWRXULVPKDYHVHHQWRWKDW

B

5XVW\ 6FKZHLFNDUW $SROOR  DVWURQDXW
DQG FRIRXQGHU RI WKH % )RXQGDWLRQ
D JURXS ZLWK LQWHUHVWV LQ GHIHQGLQJ
(DUWK IURP DVWHURLG LPSDFWV  PDNHV DQ
HQWHUWDLQLQJ REVHUYDWLRQ LQ KLV IRUHZRUG
Ý$V DQ DVWURQDXW , QHYHU H[SHFWHG WR
EH LQWHUHVWHG LQ OHW DORQH LQYROYHG LQ
VSDFH ODZÞ KH DGPLWV Ý%XW WKDW ZDV
EDFN ZKHQ , ZDV WKH SD\ORDG DQG QRW
WKH SXUYH\RUÞ KH FLWHV UHVSRQVLELOLWLHV
LQ UHPRWH VHQVLQJ DQG ODWHU DVWHURLG
GHăHFWLRQ  6FKZHLFNDUW UHYHDOV WKDW ÝLQ
KRPDJH WR WKH FROOHFWLRQ RI QDWLRQVÞ WKDW
PDGHKLVăLJKWSRVVLEOHKHWRRN

ÝFRSLHV RI WKH 2XWHU 6SDFH 7UHDW\ WKH
81 'HFODUDWLRQ RI +XPDQ 5LJKWV DQG
D ELW PRUH VHOIVHUYLQJ WKH 5HWXUQ RI
$VWURQDXWV Ú5HVFXHÛ $JUHHPHQWÞ ZLWK
KLP RQ KLV PLVVLRQ +H QRZ KDV D EHWWHU
DSSUHFLDWLRQ RI WKHZRUNWKDWZHQWLQWR
WKHP KH VD\V
7KH ERRN LWVHOI LV GLYLGHG LQWR  PXOWL
DXWKRU FKDSWHUV FRYHULQJ HYHU\WKLQJ
IURP WKH KLVWRU\ RI VSDFH ODZ DQG LWV
LQWHUQDWLRQDO RUJDQLVDWLRQDO DVSHFWV
WR VSHFLĂF WRSLFV VXFK DV ODXQFK
VHUYLFHV VDWHOOLWH FRPPXQLFDWLRQV DQG
LQVXUDQFH 7KHUH LV DOVR FRYHUDJH RI
WUDGH ĂQDQFLQJ SURSHUW\ ULJKWV DQG WKH
HQYLURQPHQWDO DVSHFWV RI VSDFH DFWLYLWLHV
Ø LQ RWKHU ZRUGV VRPHWKLQJ IRU HYHU\RQH
LQWHUHVWHG LQ VSDFH ODZ 7KH PDVVLYH
LQGH[ Ø DW PRUH WKDQ  SDJHV Ø LV D
VPDOO ERRN LQ LWVHOI 2I FRXUVH WKH SULFH
RI WKH YROXPH LV OLNHO\ WR UHVWULFW VDOHV WR
LQVWLWXWLRQDO SXUFKDVHUV EXW LI \RX QHHG
D KDQGERRN RI VSDFH ODZ ĂW IRU WKH HDUO\
VWFHQWXU\WKLVKDVWREHWKHRQH
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Employment

Jobs & careers
in space
If you are seeking employment or a career in the global space industry then
you’ll find ROOM’s regular reference page a helpful guide, with website
links to some of the world’s major employers - the page also appears on our
website. To ensure your business, organisation or educational establishment
is featured in future editions please send details to: jobs@room.eu.com

XPRIZE
Open positions - Vice President, Marketing &
Communications, Technical Manager (Prize
Operations), Prize Lead, Women’s Safety XPRIZE.
http://www.xprize.org/about/careers/joinour-team

Planetary Resources
Joining the Planetary Resources team means
you could play an active role in a pioneering
vision to expand humanity into the Solar
System - one spacecraft at a time. It also means
that you will be joining a family of doers,
innovators, comics, visionaries, expert BBQ-ers
and friends.
http://www.planetaryresources.com/
careers/#careers-intro

small company feel with big company
opportunities.
http://www.selexgalileo.com/careers

CUWDLGEVHQTCƂPCNVJGUKUYJKEJECPDG
completed whilst working for SSF.
YYYUUHƂECTGGTU

Meggitt Control Systems

Clyde Space

Working in extreme environments present
new engineering challenges - opportunities
worlwide in a fast growing business.
https://career8.successfactors.com/
career?company=MeggittProd

Clyde Space, based in Scotland, is
committed to attracting talented and skilled
individuals for roles across its business.
Its current recruitment drive is looking
for people to help support spacecraft
development, manufacturing, business
FGXGNQROGPVCPFDCEMQHƂEGHWPEVKQPU
https://www.clyde.space/about-us/careers

Sky-Futures
Sky-Futures is the world’s leading provider of
drone-based inspection and data services to
the industrial inspection market.
http://www.sky-futures.com/company/careers/

German Aerospace Centre (DLR)
SENER
SENER attracts highly qualified people
with a technical vocation, able to make
significant technological or scientific
contributions that create new solutions or
improve existing conditions.
http://www.engineeringandconstruction.
sener/work

SELEX Galileo Inc
Committed to recruiting the best talent
in the defense and aerospace industry - a
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The German Trainee Programme offers the
opportunity to work on current space projects
at the European Space Agency (ESA) including
in satellite operations, robotics, manned and
WPOCPPGFURCEGƃKIJVCPF'CTVJQDUGTXCVKQP
http://www.dlr.de/dlr/jobs

Space Systems Finland
Space Systems Finland (SSF), based in
Espoo, Finland, is continually looking for
people for future assignments. There are
also opportunities for students looking for

JAXA (Japan Aerospace
Exploration Agency) - Japan
JAXA is looking for talented and motivated
individuals who are willing to work at the
frontline of Japanese space development,
space science and aviation technology.
http://global.jaxa.jp/about/employ/

Space Telescope Science
Institute - USA
The team that operates and manages the
Hubble Space Telescope and its successor
the James Webb Space Telescope for
scientists and researchers across the world
has a variety of current vacancies.
www.stsci.edu/institute/employment

Business Focus

Space business finance
ROOM - The Space Journal is pleased to welcome Mark Boggett to its
Editorial Board. He is CEO of London-based Seraphim Capital and will
support our future coverage of space funding and finance. Here, we provide
a short profile of Seraphim Capital and then, in our Spring issue, we will
publish an analysis of space business finance, including a close look the
global support now available.
ecent years have seen unprecedented
LQFUHDVHV LQ VSDFH ĂQDQFH
RSSRUWXQLWLHV UHăHFWLQJ WKH UDSLGO\
HYROYLQJ DQG FKDQJLQJJOREDO
FRPPHUFLDO VSDFH PDUNHW
'XULQJ  IRU H[DPSOH PRUH YHQWXUH FDSLWDO
PRQH\ ZDV LQYHVWHG LQWR VSDFH WHFKQRORJ\
FRPSDQLHV WKDQ LQ WKH SUHYLRXV GHFDGH FRPELQHG
ZLWK DFFRUGLQJ WR D UHSRUW E\ 7KH 7DXUL *URXS
VRPH  FRPSDQLHV UHFHLYLQJYHQWXUHFDSLWDO
IXQGLQJ GXULQJ WKH \HDU
7KH ODUJHVW YHQWXUH URXQGV GHQRWHG E\ WKH
VHULHV RI VWRFN VROG  $ % & DQG VR RQ DFFRUGLQJ
WR WKH PDMRULW\ RI WKH FRPSDQ\ UHFHLYLQJ
IXQGV ZHUH 6SDFH;ÛV 86 ELOOLRQ VHULHV (
DQG 2QH:HEÛV 86 PLOOLRQ VHULHV $ 2WKHU
QRWDEOH LQYHVWPHQWV ZHUH VHULHV $ IXQGLQJ IRU
2[IRUG 6SDFH 6\VWHPV $VWURVFDOH DQG 2UELWDO
,QVLJKW DQG VHULHV % IXQGLQJIRU0DSER[DQG
6SDFHăLJKW ,QGXVWULHV
7R GDWH WKHVH LQYHVWPHQWV KDYH EHHQ PDGH E\
YHQWXUH IXQGV WKDW DUH ÚJHQHUDOLVW WHFKQRORJ\Û
IXQGV +RZHYHU D QHZ EUHHG RIVSDFHIRFXVHG
YHQWXUH IXQG LV HPHUJLQJ
7KH ĂUVW VXFK IXQG WR ODXQFK LV WKH 6HUDSKLP
6SDFH )XQG PDQDJHG E\ D /RQGRQEDVHG YHQWXUH
WHDP 7KH IXQG ZKLFK LV IRFXVVHG RQ HDUO\ VWDJH
VSDFHUHODWHG WHFKQRORJ\ EXVLQHVVHV ZLOO LQYHVW LQ
FRPPHUFLDO DSSOLFDWLRQV LQ ERWK GRZQVWUHDP DQG
XSVWUHDP RSSRUWXQLWLHV DV ZHOO DV LQ WHFKQRORJLHV
WKDW KDYH SRWHQWLDO VSDFH DSSOLFDWLRQV VXFK DV
DUWLĂFLDO LQWHOOLJHQFH URERWLFV DQG QDQRPDWHULDOV
,Q SDUWLFXODU WKH IXQG ZLOO IRFXV RQ FRPSDQLHV
WKDW XVH GLJLWDO GDWD IURP VDWHOOLWHV WKDW LV DOUHDG\
GHOLYHULQJ FRPPHUFLDO DGYDQWDJH DQG VRFLDO
LQQRYDWLRQV UDQJLQJ IURP LQWHOOLJHQW WUDQVSRUW DQG
VPDUW FLWLHV WKURXJK WR VHFWRUV VXFK DVLQVXUDQFH
PDULWLPHDJULFXOWXUHRURLODQGJDV

R

0DUN %RJJHWW 6HUDSKLP &DSLWDOÛV &(2 VD\V
Ý$V VDWHOOLWHV JHW VPDOOHU VPDUWHU DQG OHVV
H[SHQVLYH WR ODXQFK RXU UHOLDQFHRQWKHPLV
JURZLQJ H[SRQHQWLDOO\
Ý0DQ\ RI WKH HPHUJLQJ QHZ WHFKQRORJLHV
WKDW DUH PRXOGLQJ WKH IXWXUH  IURP GURQHV
DQG DXWRQRPRXV YHKLFOHV WR WKH ,QWHUQHW RI
7KLQJV  DUH XOWLPDWHO\ XQGHUSLQQHGE\GLJLWDO
GDWD IURP VDWHOOLWHV
Ý7KH DYHUDJH SHUVRQ LQ WKH 8. LQWHUDFWV ZLWK D
VDWHOOLWH  WLPHV SHU GD\ DQG ZLWKLQ ĂYH \HDUV ZH
VHH WKDW ĂJXUH UHDFKLQJULVLQJWRE\WKH
HQG RI WKLV GHFDGH
Ý-XVW DV ORZ FRVW SHUVRQDO FRPSXWLQJ LQ WKH
V DQG WKH LQWHUQHW LQ WKH V DFWHG DV D
FDWDO\VW IRU ZDYHV RI QHZ WHFKQRORJ\ LQQRYDWLRQV
WKH HYLGHQFH LV WKDW ORZ FRVW DFFHVV WRVSDFHZLOO
FRPH WR GHĂQH WKH GHFDGH DKHDGÞ
7KH IXQG LV ZHOO SRVLWLRQHG WR LGHQWLI\ WKH PRVW
SURPLVLQJ VWDUWXSV LQ WKHVH DUHDV WKURXJK LWV
XQLTXH VWUDWHJLF SDUWQHUVKLS ZLWK WKH (XURSHDQ
6SDFH $JHQF\ (6$ SURYLGLQJ LW DFFHVV WR UHOHYDQW
VSDFH LQIUDVWUXFWXUHV WR FRPSDQLHV ZLWK D
SRUWIROLR RI KXQGUHGV RI GRZQVWUHDP DSSOLFDWLRQ
SURMHFWV DV ZHOO DV FRPSDQLHV LQ (6$ÛVSDQ
(XURSHDQ EXVLQHVV LQFXEDWRUV
0LFKDHO -RQHV WKH IRXQGHU RI *RRJOH (DUWK
DQG *RRJOHÛV IRUPHU &KLHI 7HFKQRORJ\ $GYRFDWH
ZKR MRLQHG WKH 6HUDSKLP 6SDFH )XQG DV D
0DQDJLQJ 3DUWQHU ZLOOHQVXUHWKHIXQGÛVUHDFK
LQWR 6LOLFRQ 9DOOH\
ZLOO EH VXSSRUWHG
,Q WKH 8.
E\ QHZ LQLWLDWLYHV OHG E\ WKH 6DWHOOLWH
$SSOLFDWLRQV &DWDSXOW DQG ZLOO EH EDFNLQJ WKH
FUHDWLRQ RI 8. 6SDFH 7HFK $QJHOV D QHZ YHQWXUH
IURP /RQGRQ %XVLQHVV $QJHOV WKDW ZLOO SXW WKH
6HUDSKLP 6SDFH )XQG DW WKH KHDUWRIWKHVSDFH
UHODWHGVWDUWXSHFRV\VWHP

Mark Boggett
CEO of Seraphim
Capital, London

Low cost
access to
space will
come to define
the decade
ahead
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GLOBAL SPACE EXPLORATION
CONFERENCE (GLEX 2017)
6 - 8 June 2017
Beijing, China

The GLEX 2017 programme is designed to bring together leaders and decision-makers
within the science and human exploration community – engineers, scientists, entrepreneurs,
educators, agency representatives and policy makers. It will provide a forum to discuss
recent results, current challenges and innovative solutions and it will contain several
opportunities to learn about how space exploration investments provide beneits as well as
discuss how those beneits can be increased through thoughtful planning and cooperation.

www.glex2017.org
gle 2017 org

In the next issue of ROOM
Our next journal will be published in the Spring and will include
a wealth of interesting, informative and challenging articles
written by leaders and experts in their field, including:

•

Aerospace International
Research Cente r
www.airc.at

David Ashford, CEO Bristol Spaceplanes, UK

To Mars on a shoestring
•

Margarita Levinskikh, IBMP, Moscow, Russia

Growing plants in space
•

Alﬁo Mantineo, Head of Quality Control, ESOC

Are humans reliable on space missions?
•

Alexander Mayboroda, AVANTA Consulting, Russia

How to build a Moon village
•

Andrea Ferrero, Thales Alenia Space, Italy

Challenges of BepiColumbo at Mercury
•

Makoto Yoshikawa, JAXA, Japan

Hayabusa 2 asteroid sample return mission
•

Todd Treichel, Orbitial Technologies Corporation

How artiﬁcial lighting affects astronaut health

If you would like to join our elite international community by telling your own story, presenting your opinion or
discussing a specific project or aspect of research then please contact Managing Editor, Clive Simpson.

ROOM - The Space Journal
•

covers all aspects of science, hi-tech and innovation relevant to space. Articles are
authored by scientists, engineers, politicians, scholars, leaders and managers from
academia, space agencies and industry

•

is distributed internationally to the heads of all major industrial and public spacerelated organisations, as well as being available at major international space
conferences, and sold on bookstalls in the United States, Canada and Europe

•

is a meeting place, and a discussion forum for intellectuals and experts directly and
indirectly associated with the global space community.

Musk’s Mars
colony vision
Stephen Ashworth, p.10

Citizens join
space nation
Janis Hunt, p.53

Future
fashion
Annalisa Dominoni, p.102
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