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Ø  Science Projects: a short excursus 
Ø  Euclid programme implementation 
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ESA facts and figures 

§  Over 50 years of experience 

§  22 Member States 

§  Eight sites/facilities in 
Europe, about 2200 staff 

§  5.2 billion Euro budget 
(2016) 

§  Over 80 satellites designed,  
tested and operated in flight 
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Purpose of ESA 

 
“To provide for and promote, for exclusively peaceful 

purposes, cooperation among European states in 
space research and technology 

and their space applications.” 

Article 2 of ESA Convention 
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Member States 

ESA has 22 Member States: 
20 states of the EU (AT, BE, 
CZ, DE, DK, EE, ES, FI, FR, IT, 
GR, HU, IE, LU, NL, PT, PL, 
RO, SE, UK) plus Norway and 
Switzerland. 
 
Seven other EU states have 
Cooperation Agreements with 
ESA: Bulgaria, Cyprus, Latvia, 
Lithuania, Malta, Slovakia and 
Slovenia. Discussions are 
ongoing with Croatia. 
 
Canada takes part in some 
programmes under a long-
standing Cooperation 
Agreement. 
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Activities 

ESA is one of the few space 
agencies in the world to 
combine responsibility in 
nearly all areas of space 
activity.   
 

* Space science is a Mandatory programme,  
all Member States contribute to it according  
to GNP. All other programmes are Optional, 
funded ‘a la carte’ by Participating States.  

 

space science 

telecommunications 

human spaceflight exploration 

earth observation launchers navigation 

operations technology 
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ESA’s locations 

Washington 

Houston 

Kourou 

Maspalomas 

Santa Maria 

New Norcia 

Perth 

Moscow 

ESRIN 
(Rome) 

Oberpfaffenhofen 
ESOC (Darmstadt) 

EAC (Cologne) 

Salmijaervi (Kiruna) 

ESTEC (Noordwijk) 
ECSAT (Harwell) 

Toulouse 

Brussels 

Cebreros 

ESA HQ (Paris) 

Redu 

Malargüe 

ESA sites 
Offices 
ESA Ground Station 

ESA Ground Station + Offices 
ESA sites + ESA Ground Station 

ESAC (Madrid) 
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ESA budget for 2016 

Total: 
1.51 B€ 

CA: 0.4%, 13.2 M€ 
UK: 8.7%, 324.8 M€ 

CH: 3.9%, 146.4 M€ 

SE: 2.0%, 73.9 M€ 

ES: 4.1%, 152.0 M€ 

NO: 1.6%, 59.6 M€ 

IT: 13.7%, 512.0 M€ 

IE: 0.6%, 23.3 M€ 

GR: 0.3%, 11.9 M€  

AT: 1.3%, 47.6 M€ 
BE: 5.0%, 188.9 M€ 
CZ: 0.4%, 15.6 M€ 
DK: 0.8%, 29.5 M€ 

FI: 0.6%, 21.6 M€ 

PL: 0.8%, 29.9 M€ 

Other income:  
5.5%, 204.4 M€ 

Total: 
3.74 B€ 

EE: 0.0%, 0.9 M€ 

HU: 0.1%, 5.0 M€  

RO: 0.7% 26.1 M€ 
PT: 0.4%, 16.0 M€ 

NL: 2.7%, 102.6 M€ 
LU: 0.6%, 22.0 M€ 

DE: 23.3%, 872.6 M€ 

ESA Activities and Programmes 

Income from EU: 
87.8%, 1324.8 M€ 

Other income:  
2.4%, 35.6 M€ 

Income from Eumetsat 
9.8%, 147.9 M€ 

Programmes implemented 
for other Institutional Partners  

B€: Billion Euro 

Total ESA budget  
for 2016: 5.25 B€ 

FR: 22.6%, 844.5 M€ 
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ESA 2016 budget by domain 

Launchers 
20.0%, 1051.2 M€ 

Budget 
2016 

5.25 B€ Earth Observation* 
30.5%, 1603.5 M€ 

Human Spaceflight 
7.0%, 365.1 M€ 

Telecom & Integrated 
Applications* 

6.8%, 359.3 M€ 

Navigation* 
11.6%, 609.5 M€ 

Robotic Exploration & Prodex 
3.7%, 192.8 M€ 

Technology support* 
1.9%, 99.5 M€ 

Space Situational Awareness 
0.2%, 12.9 M€ 

European Cooperating States 
Agreement 
(ECSA) 0.1%, 4.0 M€ 
Basic Activities 
4.4%, 232.1 M€ 

Scientific Programme 
9.7%, 507.9 M€ 

Associated with General Budget 
4.1%, 214.8 M€ 

M€: Million Euro 
*includes Programmes 
implemented for other 
Institutional Partners 
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Staff by nationality in 2014 

Total international staff: 2233 

Austria 
Belgium 

Czech Republic 
Denmark 

Finland 
France 

Germany 
Greece 
Ireland 

Italy 
Luxembourg 
Netherlands 

Norway 
Poland 

Portugal 
Romania 

Spain 
Sweden 

Switzerland 
UK 

Canada 

38 
90 
3 
17 
19 
510 
425 
20 
30 
423 
2 
80 
22 
4 
25 
2 
196 
41 
28 
233 
25 
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ESA directors 

Director General 
Jan Woerner 

Science 
 
 
 
 
Alvaro Giménez 
Cañete 

Launchers 
 
 
 
 
Gaele 
Winters 

Human Spaceflight 
& Robotic 
Exploration 
 
 
David 
Parker 

Earth Observation 
 
 
 
 
Volker 
Liebig 

Telecomms 
& Integrated 
Applications 
 
 
Magali 
Vaissiere 

Galileo & 
Navigation-related 
Activities 
 
 
Paul 
Verhoef 

Technical & Quality 
Management 
 
 
 
Franco 
Ongaro 

Industry 
Procurement 
& Legal Services 
 
 
Eric Morel 
De Westgaver 

Internal Services 
 
 
 
 
Jean Max 
Puech 

Operations 
 
 
 
 
Rolf 
Densing 
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ESA and the European space sector 

 ESA Member States finance 50% of the total public 
space spending in Europe. Because of the cooperation 
between ESA, EC and the national space agencies: 

§  the European space industry sustains around 35 000 
jobs; 

§  Europe is successful in the commercial arena,  
with a market share of telecom and launch services 
higher than the fraction of Europe’s public spending 
worldwide; 

§  European scientific communities are world-class  
and attract international cooperation; 

§  research and innovation centres are recognised 
worldwide; 

§  European space operators (Arianespace, Eumetsat, 
Eutelsat, SES Global, etc.) are the most successful  
in the world. 
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ESA’s industrial policy 

ESA’s industrial policy: 

§  ensures that Member States get a fair 
return on their investment; 

§  improves competitiveness of European 
industry;  

§  maintains and develops space 
technology; 

§  exploits the advantages of free 
competitive bidding, except where 
incompatible with objectives of the 
industrial policy. 

About 85% of ESA’s budget is spent  
on contracts with European industry. 
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Birth of commercial operators 

ESA’s ‘catalyst’ role  
 
ESA is responsible for R&D 
of space projects. On completion 
of qualification, they are handed 
to outside entities for production 
and exploitation. Most of these 
entities emanated from ESA. 
 
Meteorology: Eumetsat 
 
Launch services: Arianespace 
 
Telecomms: Eutelsat and Inmarsat 
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ESA Council 

The Council is the governing body of ESA.   
It provides the basic policy guidelines for ESA’s activities. Each Member State is 
represented on the Council and has one vote.  
 
Every two to three years, Council meets at ministerial level (‘Ministerial Council’) to 
take key decisions on new and continuing programmes and financial commitment. 
 
The ESA Council at ministerial level also meets together with the EU Council to form 
the European ‘Space Council’. 
 



SCIENCE 
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ESA’s pioneers of space science (1) 

•  Hipparcos (1989–93) first comprehensive star-mapper 

•  IUE (1978–96) longest-lived orbital ultraviolet observatory  

•  Giotto (1986) first close flyby of a comet nucleus 

•  Ulysses (1990–2008) first spacecraft to fly over Sun’s poles  

•  ISO (1995–8) first European infrared observatory 

•  SMART-1 (2003–6) first European mission to the Moon 

Hipparcos IUE Giotto Ulysses ISO Smart-1 Hipparcos IUE Giotto Ulysses ISO SMART-1 
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•  Planck (2009–13) detecting first light of Universe and 
looking back to the dawn of time  

•  Herschel (2009–13) unlocking the secrets of starbirth and 
galaxy formation and evolution  

•  Venus Express (2005–15) first global investigation of 
dynamic atmosphere of Venus 

Planck Herschel Venus Express 

ESA’s pioneers of space science (2) 
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On 14 January 2005, 
ESA’s Huygens 
probe made the 
most distant landing 
ever, on Titan, the 
largest moon of 
Saturn (about 1427 
million km from the 
Sun). 

First landing on a world in the outer Solar System 

Huygens 
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First rendezvous, orbit and soft-landing on a comet. 

Rosetta 

On 6 August 2014, ESA’s 
Rosetta became  
the first spacecraft to 
rendezvous with a comet 
and, on 12 November,  
its Philae probe made 
the first soft-landing on a 
comet and returned data 
from the surface. 
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Today’s Science missions (1) 

§  Hubble (1990– ) orbiting observatory for ultraviolet, visible and 
infrared astronomy (with NASA) 

§  SOHO (1995– ) studying our Sun and its environment (with NASA) 

§  XMM-Newton (1999– ) solving mysteries of the X-ray Universe 

§  Cluster (2000– ) studying interaction between Sun and Earth's 
magnetosphere 

§  Integral (2002– ) observing objects simultaneously in gamma 
rays, X-rays and visible light 

Hubble SOHO XMM-Newton Cluster Integral 
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Mars Express Rosetta LISA Pathfinder Gaia 

Today’s Science missions (2) 

§  Mars Express (2003– ) studying Mars, its moons and atmosphere 
from orbit  

§  Rosetta (2004– ) the first long-term mission to study and land  
on a comet 

§  Gaia (2013– ) mapping a thousand million stars in our galaxy 

§  LISA Pathfinder (2015– ) testing technologies to detect 
gravitational waves 

Mars Express Rosetta 
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§  BepiColombo (2017) a satellite duo exploring Mercury (with JAXA) 
 
§  Cheops (2018) studying exoplanets around nearby bright stars 
 
§  Solar Orbiter (2018) studying the Sun from close range 
 
§  James Webb Space Telescope (2018)  studying the very distant 

Universe (with NASA/CSA) 
 

Upcoming missions (1) 

BepiColombo Cheops Solar Orbiter James Webb Space Telescope BepiColombo Cheops Solar Orbiter James Webb Space Telescope 
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§  Euclid (2020) probing ‘dark matter’, ‘dark energy’ and the expanding Universe  
 
§  JUICE (2022) studying the ocean-bearing moons around Jupiter 
 
§  Plato (2024) searching for planets around nearby stars 
 
§  Athena (2028) space telescope for studying the energetic Universe 

§  Gravitational wave observatory (2034) studying ripples in spacetime 
caused by massive objects in the Universe 

 
 
 

Upcoming missions (2) 

Euclid JUICE Plato Athena 
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Science operations 

ESAC hosts ESA’s Science Operation Centre 
(SOC) for ESA astronomy and Solar System 
missions. 
 
Science operations include the interface with 
scientific users, mission planning, payload 
operations and data acquisition, processing, 
distribution and archiving. 
 
The scientific archives for the majority  
of ESA’s science missions are kept here  
so that researchers have a single ‘entry point’ 
for accessing the wealth of scientific data.  

ESAC (near Madrid, Spain) is ESA’s 
centre for science operations. 
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Euclid in the Cosmic Vision 2015-2025 

v  Science Magazine 2005: 
What don’t we now?  

v  1st Priority: What is the  
Universe made of? 

v  In 2005 ESA Space  
Science Advisory  
Committee prepared  
Cosmic Vision 2015-2025 

v  4 themes were defined 
 

v  Theme 4 question: How did the Universe 
originate and what is it made of? 

v  Investigate the nature and origin of the Dark 
Energy that is accelerating the expansion of 
the Universe. 

A
t Science, we tend to get excited about new discoveries that lift the veil a little on how things work, from cells
to the universe. That puts our focus firmly on what has been added to our stock of knowledge. For this
anniversary issue, we decided to shift our frame of reference, to look instead at what we don’t know: the
scientific puzzles that are driving basic scientific research.

We began by asking Science’s Senior Editorial Board, our Board of Reviewing Editors, and our own
editors and writers to suggest questions that point to critical knowledge gaps. The ground rules: Scientists

should have a good shot at answering the questions over the next 25 years, or they should at least know how to go about
answering them. We intended simply to choose 25 of these suggestions and turn them into a survey of the big questions
facing science. But when a group of editors and writers sat down to select those big questions, we quickly realized that
25 simply wouldn’t convey the grand sweep of cutting-edge research that lies behind the responses we
received. So we have ended up with 125 questions, a fitting number for Science’s 125th anniversary.

First, a note on what this special issue is not: It is not a survey of the big societal challenges that
science can help solve, nor is it a forecast of what science might achieve. Think of it instead as a survey
of our scientific ignorance, a broad swath of questions that scientists themselves are asking. As Tom
Siegfried puts it in his introductory essay, they are “opportunities to be exploited.”

We selected 25 of the 125 questions to highlight based on several criteria: how fundamental they
are, how broad-ranging, and whether their solutions will impact other scientific disciplines. Some
have few immediate practical implications—the composition of the universe, for example. Others we
chose because the answers will have enormous societal impact—whether an effective HIV vaccine is
feasible, or how much the carbon dioxide we
are pumping into the atmosphere will warm our
planet, for example. Some, such as the nature of
dark energy, have come to prominence only
recently; others, such as the mechanism behind
limb regeneration in amphibians, have
intrigued scientists for more than a century. We
listed the 25 highlighted questions in no special
order, but we did group the 100 additional
questions roughly by discipline. 

Our sister online publications are also devot-
ing special issues to Science’s 125th anniversary.
The Science of Aging Knowledge Environment,
SAGE KE (www.sageke.org), is surveying
several big questions confronting researchers on
aging. The Signal Transduction Knowledge
Environment, STKE (www.stke.org), has
selected classic Science articles that have had a
high impact in the field of cell signaling and is
highlighting them in an editorial guide. And
Science’s Next Wave (www.nextwave.org) is
looking at the careers of scientists grappling with
some of the questions Science has identified.

We are acutely aware that even 125 un-
knowns encompass only a partial answer to the
question that heads this special section: What
Don’t We Know? So we invite you to participate
in a special forum on Science’s Web site
(www.sciencemag.org/sciext/eletters/125th),
in which you can comment on our 125 questions
or nominate topics we missed—and we apol-
ogize if they are the very questions you are
working on. 

–DONALD KENNEDY AND COLIN NORMAN

W H A T D O N ’ T W E K N O W ?

www.sciencemag.org SCIENCE VOL 309 1 JULY 2005 75
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76 In Praise of Hard Questions

78 What Is the Universe Made Of?

79 What Is the Biological Basis of 
Consciousness?

80 Why Do Humans Have So 
Few Genes?

81 To What Extent Are Genetic 
Variation and Personal Health 
Linked?

82 Can the Laws of Physics 
Be Unified?

83 How Much Can Human Life 
Span Be Extended?

84 What Controls Organ 
Regeneration?

85 How Can a Skin Cell Become 
a Nerve Cell?

86 How Does a Single Somatic 
Cell Become a Whole Plant?

87 How Does Earth’s Interior Work?

88 Are We Alone in the Universe?

89 How and Where Did Life on 
Earth Arise?

90 What Determines Species 
Diversity?

91 What Genetic Changes Made 
Us Uniquely Human?

92 How Are Memories Stored 
and Retrieved?

93 How Did Cooperative Behavior 
Evolve?

94 How Will Big Pictures Emerge 
From a Sea of Biological Data?

95 How Far Can We Push 
Chemical Self-Assembly?

96 What Are the Limits of 
Conventional Computing?

97 Can We Selectively Shut Off 
Immune Responses?

98 Do Deeper Principles Underlie 
Quantum Uncertainty and 
Nonlocality?

99 Is an Effective HIV Vaccine 
Feasible?

100 How Hot Will the Greenhouse 
World Be?

101 What Can Replace Cheap Oil—
and When?

102 Will Malthus Continue to Be 
Wrong?

78 So Much More to Know …

See also Editorial on p. 19 and

www.sciencemag.org/sciext/125th
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Selection process 

v  2007: two “dark energy missions” proposals were received from the community: 
Dune, a wide field imager and SPACE, a new near-infrared all-sky cosmic surveyor; 

v  2009: Euclid was born, a visible/near-infrared survey of all galaxies and clusters of 
galaxies out to a z~2. Euclid was in competition with other 5 missions; 

v  2010: Euclid, Plato (to study frequency of planets around other stars, including 
terrestrial planets in a star’s habitable zone) and Solar Orbiter (closest look at our 
Sun, approaching 62 solar radii) were selected; 

v  2011: Solar Orbiter and Euclid were selected for implementation; 
v  2012: Euclid mission is adopted (blueprint completed) for launch in 2020. Top-level 

science management principles of the mission, main organisational units, roles and 
responsibilities of ESA, the Euclid Consortium (EC) funded by the Member States, and 
the scientific community at large are established in the Science Management Plan 
SMP. 

v  While ESA D/SCI retains overarching responsibility for all aspects of the mission, EC 
provides the two instruments (with contribution by ESA and NASA) and part of 
Science Ground Segment and the Euclid Science Team oversees the preparations and 
execution of scientific operations, and endorses distribution of the data products to 
the community via the Euclid Legacy Archive. 
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Original organisational structure 
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Mission Implementation Process 

v  Science Management Plan defined the roles and responsibilities; 
v  Science Requirements Document (SciRD) approved by Science Team defines: 

v  Top level requirements for Weak Lensing; 
v  Top level requirements for Galaxy Clustering; 
v  Instrument requirements for WL and GC; 
v  Survey requirements (Wide, Deep and Calibration); 
v  External Data (ground observation).  

Euclid Mission-SRR Kick-off presentation for the Mission Panel | Jose Lorenzo-Alvarez (SRE-PUP) | Euclid | Pag. 19 

Euclid Requirements Definition 

-  Science Requirements (SciRD) 
-  Science Management Plan (SMP) 
-  Definition Phase Baseline Concept (Euclid Red Book) 
 
-  Euclid Mission framework agreement 

-  Euclid Multilateral Agreement (MLA) 
-  Euclid Memorandum of Understanding (MoU) 

-  Agency Standards: 
-  ESA/ADMIN/IPOL(2007)11 (Applicability of ESA 

standards) 
-  ESA/ADMIN/IPOL(2008)2 (Space Debris 

mitigation) 

•  Establishing a Mission Requirements Document (MRD) 
−  The MRD contains the top-level Euclid requirements under responsibility of the ESA 

project.  

−  Compiled based on science requirements, mission implementation agreements, baseline 
architecture selected in definition phase and agency constraints 

Inputs 

The MRD contains the top-
level Euclid requirements 
under responsibility of the 
ESA project. 
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Euclid Requirements definition (1/3) 

Euclid Mission-SRR Kick-off presentation for the Mission Panel |  Jose Lorenzo-Alvarez (SRE-PUP) | Euclid | Pag. 20 

Euclid Requirement Definition 

MRD top-level functional requirements 

Functions 

Perform Wide Survey: 
15,000 deg2 

Perform Deep Survey: 40 
deg2 

Visible imaging 

Near-Infrared Photometry 

Near-Infrared Slitless 
Spectroscopy 

Architecture 

Space Segment 

Single Telescope 

VIS Instrument provided 
by EC 

NISP Instrument 
provided by EC 

Ground segment 

MOC at ESOC 

SOC at ESAC 

GSN with X & K-band 
capability 

Mission 

Science Lifetime 6 
years 

L2 orbit 

Agency 
Constraints 

ECSS Standards 

Decommissioning 

Passivation 

Launch Segment 

EC-SGS 

Soyuz Launcher 

Provide mission data 
products in a Euclid Legacy 

Archive (ELA) 
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Euclid Requirements definition (2/3) 
Euclid Requirement Definition 

MRD Main Weak-Lensing Science requirements 

Galaxy sample selection 

15,000 deg2 

Sensitivity: 
mAB = 24.5 (10σ) 

VIS spectral range 
550-900mn 

Galaxy Shape Measurement 

Measurement Bias 
Control 

FWHM < 0.18” 

εi < 0.15 

Photo-z precision and 
uncertainty 

σ(z)/(1+z) < 0.05 
σ(<z>)/(1+z) <0.002 

fcat < 10% 

Photometric red-shift determination 

Encircled Energy 

VIS PSF 
Shape 

Residual  
< 0.003% 

85% survey 
efficiency 

VIS PSF 
knowledge 

 (  !�"#$ / 
!�&'(  )�2 < 4 

  )( !�"#$ )�2 /
⟨ !�2 ⟩ < 10-3 

)( ε�* )< 2x10-4 

CTI effects 

Shear 
Model bias 

Distortion 

)( ε�+, )  
< 1.1x10-4 

Additive 
)[-] < 5x10-4 

Multiplicative)
[!] < 2x10-3 

Image 
quality 

Sensitivity mAB = 24 (5σ) in all 
bands 

Calibration 
Relative Photometric 

error post-
calibration <1.5% 

Number of 
photo-z 

bins 
3 Euclid NIR bands 

External g,r,i,z data 
under EC 

responsibility 

Pixel scale: 
0.3”/pix 

NISP-P wavelength 
range 

Survey size 

Average Galaxy 
density 

30 gal/arcmin2 

Median redshit 
Z>0.8 

Euclid Mission-SRR Kick-off presentation for the Mission Panel |  Jose Lorenzo-Alvarez (SRE-PUP) | Euclid | Pag. 21 
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Euclid Requirements definition (3/3) Euclid Requirement Definition 

MRD Main Galaxy Clustering Science requirements 

Galaxy sample selection 

15,000 deg2 

Flux limit Hα-line: 
3x10-16 erg cm-2 s-1 @ 1600nm 

NISP-P spectral range 
1100-2000nm 

Redshift (z) precision, uncertainty and 
systematic offset 

(see SciRD) 

Spectroscopic red-shift determination 

Wavelength error 

85% survey efficiency 

External data under EC 
responsibility 

Z measurement purity > 80% 

Flux limit other wavelenghts: 
3.6x10-16 erg cm-2 s-1 

Completeness > 45% 

NISP-S Imaging of the NISP-P field 
with sensitivity 
mAB = 24 (5σ) 

Spectral resolution > 250 

Redshift catastrophic error fraction  
fcat < 0.2% 

And  
fcat knowledge better than 1% 

Subsample with purity > 99% 

Survey size 

Average Number 
of galaxies 

3500 gal/deg2 

 
Galaxy redshift 

distribution 

Median redshit 
0.7<Z<2.05 

Euclid Mission-SRR Kick-off presentation for the Mission Panel |  Jose Lorenzo-Alvarez (SRE-PUP) | Euclid | Pag. 22 
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Euclid Requirements Flow-down 

VIS$+$NISP EC*SGS SOC$(ESAC) MOC$(ESOC)SVM$+$PLM

Survey$Design

EC*SGS
Euclid'

Consortium

Euclid'
Consortium

Euclid Mission Requirements Flow-down 

Mission&Requirements&
Document
(MRD)

System&Requirements&
Document
(SRD)

Payload&Element&
Requirements&
Document
(PERD)

Ground&Data&Processing&
Requirements&
Document
(GDPRD)

Mission&Operations&
Concept&Part>A
(MOCD>A)

Mission&Operations&Concept&
Part>B

(MOCD>B)

Calibration&Concept&
Document&Part>A

(CalCD>A)

Calibration&Concept&
Document&Part>B

(CalCD>B)

Science&Implementation&
Requirements&
Document
(SIRD)

Mission&Implementation&
Requirements&Document

(MIRD)

Mission Budget and 
Requirement Justification File 

(EUCL-EST-TN-1-004) 

Euclid Mission SysML 
model 
(EUCL-EST-OTH-1-003) 

Euclid Mission-SRR Kick-off presentation for the Mission Panel | Jose Lorenzo-Alvarez (SRE-PUP) | Euclid | Pag. 23 

Launch Services 
Agreement (AE) 
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Euclid Product Tree 

Euclid 
ESA 

Space 
Segment 

ESA 

SVM 
ESA/TAS-I 

PLM 
ESA/ADS 

Instruments 
Consortium 

VIS 
EC/MSSL 

CCD 
ESA/e2v 

NISP 
EC/CNES 

SCS 
ESA/NASA/TIS 

Ground 
Segment 

ESA 

MOC 
ESA/ESOC 

SOC 
ESA/ESAC 

SDC’s 
Consortium 

Gr. Observ. 
ECL 

Launcher 
ESA/AE 
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Euclid Spacecraft Industrial Consortium 

Fast links per Subsystem 

3 

SVM  
Support 

Spacecraft Prime 
THALES ALENIA 

EUCL-EST-PT-2-001 Euclid Industrial Breakdown 
Issue 3.0 
Date 06/12/2016  
 

STCS 

SSH 

CDMS 

ASW 

AOCS 

TT&C RCS 

MPS 

Electrical SVM EGSE 

SVM MGSE FGS 

PLM Prime 
AIRBUS 

ISVV 

v  PLM (telescope and cold compartment) contract with Airbus D&S of Toulouse was kicked off 
in Jan 2013; 

v  Prime (including Service module) contract with Thales Alenia Space of Turin was kicked off in 
Jul 2013; 

v  Pre-development of HgCdTe detectors with Teledyne Imaging Sensors of Camarillo (CA) was 
performed in 2012-2015; 

v  Pre-development and flight production of the CCD with e2v of Chalmsford kicked off in 2012; 
v  Few more smaller industrial contracts are on going; 
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VIS instrument industry/institute consortium 

PMCU 
CEA  

CDPUP Hardware 
OHB-CGS  

CDPU Software   
IAPS  

System Engineer 
 

  PA Manager 

CU 
IAS 

EC Lead VIS Procurement 
 

VIS PM 

Products 

RSU-UoG 
& APCO 

VIS Instrument 
Lead 

FPA 
CEA 

ROE & RPSU 
UCL MSSL  

CCD Detectors 
E2v  

  PA Engineer 

  VIS Performance 
Team 

  VIS Instrument  
Scientist 

Products 

Engineering Team 
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NI-WE 
(Warm Elec) 

NI-DS 
(Detection System) 

NI-OMA (Opto Mechanical Assembly) 

System Manager 
 

  PA 

Project Control 
 

AIT (NISP, NI-OMA, NI-DS) 

EC Lead 

AIT Deputy & AIT NI-WE 

Data Process 

Detection 

Thermal 

AMT 
  

EMC Electrical 
 

AIV (Lead) Optic 
 

DPU ASW 

NI-SCS Procurement 
 

NI-FPA (meca/therm 

NI-DS-GSE 

NI-OA (CoLA, CaLA) 
 

NI-FWA 

NI-GWA 

NI-SA  
 

NI-CU 
 

NISP-OGSE 
Telescope Sim 
 

NI-ICU NI-DPU 

NI-DCU NI-WE-EGSE 
 
 

AIT Meca 
 

AIT Thermal 
 

AIT Elec & Func 

BCN           CEA      
CPPM          Denmark 
Italy         LAM 
MPE           MPIA & German  
Norway        UPCT & Spain    

AIT Perfo & calib 

NI-DPU-ASW 
 
 

AIT Optic  
 

Instrument 
Scientists 

ICU ASW, C&C 
 

AIV (Deputy) 
 
 

NI-ICU-ASW 
 
 

Calibration 

In Orbit Test (CPV) 
 

NISP PM 

NI-FWA-FIlter 
 

NI-GWA-GRism 

NI-FWA/GWA-CM 

NI-TC 

Products 

NI-OMA-GSE 
 

NI-SCS 
 

System NI-OMA =  
See system team 

S
ys

te
m

 T
ea

m
 

System NI-DS =  
See system team 

AIT NI-OMA =  
See AIT team 

AIT NI-DS=  
See AIT team 

System =  
See system team 

AIT=  
AIT team +   

Italy Industry 

Products 

NISP-GSE 

AIT Optic 

System Implementation 
@ LAM 

AIT Thermal 
 

NISP-OGSE 
(Others) 
 

NISP-MGSE 
 
 

NISP-TGSE 
 

NISP-EGSE 

EGSE 
 Local PM’s 

Detector 
Scientist 

NI-SCS  
Scientific 

Characterization 

Instrument 
Scientists Photo Calib 

Spectro Calib 

Mechanical 
  

UPCT MPIA 

NISP instrument industry/institute consortium 
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Sener – AOCS Lead, MGSE batch 2 
Sener -  PLM M2M 
ALTER – CPPA 
CRISA – FGS EU 
ADS CASA – STCS subsystem 
TAS-E – TTC lead, RFDA 
GTD : ASW support 
Mersen – PLM Sic Tools 
Navair – SVM harness MAIT 

McGinley – FDIR System support 
E2V - FGS CCD 
SciSys – CFDP validation 
MOOG - MPS/RCS miscellanea 

Ruag - CDMS 
OHB – RCS, MPFA 

Terma – PCDU, CDMU Emulator 
Rovsing -  PLM PA support 

Moog – RW study 
ADSNL – AOCS Core Team,  AOCS SW 
ADSNL – PLM struts & radiator 
Terma – CCS 
Celestia – TTC SCOE parts 
Celestia-  PLM STMTC COE parts 

Ruag – SSH structure 
Ruag – PLM  struts & radiator study 
Apco – SVM MGSE batch 1 
Apco – PLM MGSE batch 1 
Apco - PLM VIS radiator 
Schott – Folding mirrors coating 
Schott – Dicroic study 
Syderal – MPA, ADPME 

ADS – PLM lead 
REOSC – AC flat, M1 polishing 
Boostec – Sic Structures  
Saft – battery 
TAS-F – S/C Test facility 

Ruag – CDMU I/O, MGSE batch 2, PLM TH  
HW  
Siemens – TTC Scoe, PLM TMTC SCOE 
Siemens  - Pwr SCOE support 
 

TAS-I – Prime,  DST, HGA Core team 
TAS-I – coarse rate sensor  
Selex -  FGS lead, MPA lead, PVA 

Rockwell : RWL study, RWL 
Tesat – CPPA support, K-Modulator 
ADS – MMU 
STI – SSH  
OBJ – Dichroic plate 
HPS – TT&C ARA 
MTA – RCS tank 
Azur – PVA cells 

Teletel – ASW coding, ADPME  

GMV – SVF support 
HPS – STCS  support, SSH TCS 
HPS – PLM MGSE Support 
Active Space – STCS  MGSE  
Active Space – KTX GSE 
Altran – STCS Support 
Edisoft – ASW support 
Deimos – AOCS ESE 
ISQ – PLM Struts support 

StGobain – Sic Powder 

SSF – FGS ASW 

GMV – System support 
Astri Polska – MMU EGSE 
Sener – SVM MGSE Batch2 
Sener – ADPM support 

Spacebel – ASW 
AMOS – M2 M3 polishing 
AMOS – FOM, Collimator 
Qinetiq – PLM baffle 
TAS-B – M2M PS, TWTAs 

Siemens – PWR SCOE 
Siemens – PCDU support 
Siemens – TTC & AOCS SCOE support 
Siemens – PLM & TMTC SCOE support 
Maxmechanik -  PLM MGSE support 
LKE – PLM thermal analyses 
Serenum – TT&C ARA support 

Elettra – FGS unit tester 
INCAS – RCS & MPS parts 
Siemens  - CCS parts 
Atexis – PLM PMO support 
Sonovision – SVM harness 

Industrial Geographical distribution 

Captec - ISVV 

Eurocomposites – 
ext. Panels 
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Mission Design 

v  Soyuz 2.1B + Fregat ascent 
trajectory and direct SEL2 
transfer orbit; 

v  Y-Z plane of the co-rotating 
frame; 

v  Maximum Sun-spacecraft-Earth 
angle of 33º-36º; 

v  Step-and-stare scanning of the 
sky; 

v  Telescope LOS is kept 
perpendicular to the Sun 
direction (87º < SAA< 121º) 

v  Launch window constraints: 
perigee velocity, SSE angle, no 
eclipses, telescope vs. sun 
direction ≤ 30º.  

Euclid CReMA, Issue 2, Rev. 1, Dec 2014 19
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Figure 4.6: Launch window including with the following constraints added top to bottom: i)
Limited perigee velocity interval ii) Limited SSCE angle iii) No eclipses iv) Launch window opening
due to illumination constraint (30�). The bottom plot shows the remaining launch window launch
window with a boresight axis constraint of 30�. Other boresight axis constraint values are depicted
in Figures 4.7 and 4.8 for SSCE angle constraints of 33� and 34�, respectively.
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Survey Design 

v  Instruments observation sequence 
of one field => 

v  |b|>30º 

v  Minimise SAA variations; 
v  Minimise zodiacal light => high 

ecliptic latitude; 
v  Low galactic extinction; 
v  Specific pointed calibration (high 

star density); 
v  Deep survey observation; 

 

area covered by the wide survey (ecliptic coordinates, colour 
coding follows the epoch of observation). The empty regions 
reflect the ecliptic equator and the galaxy plane. 
Left: growth curve, the increase of the area covered by the wide 
survey as a function of time. 

ECSURV 	Summary of Survey(s) Status and perspectives
Ref:
Version 1.0
Date 29/03/2016
Page � /�7 19

3. Wide Survey 

Because of the large amount in number, time and repeats of calibrations, the strategy has to fulfil calibrations 
first, then use the remaining time to observe the wide areas. At present there is a single standard sequence 
for each wide field, as given in the figure (recall there is no longer room for blue grim exposures in the wide). 

The wide coverage achieved year by year can be easily seen in the picture below [ECTile, J. Dinis], 
where horizontal bars show what is observed in a given year (two bars for each year, since one can observe 
either in the leading or trailing direction wrt the orbit). In each bar in the lower panel the smaller dark areas 
are the times reserved for calibrations (J. Amiaux, I. Tereno), while the wider ones are color coded with the 
corresponding regions of the wide on the sky. 

The presented document is Proprietary information of the Euclid Consortium. 
This document shall be used and disclosed by the receiving Party and its related entities (e.g. contractors and subcontractors) only for the purposes 

of fulfilling the receiving Party's responsibilities under the Euclid Project and that the identified and marked technical data shall not be disclosed or 
retransferred to any other entity without prior written permission of the document preparer. 

Current&state&(example&survey)&

BeYer&space3;me&coherence&
Much&lower&presence&of&bubbles&
(s;ll&work3in3progress)&

How:&&added&patch&adjacency&to&patch&scoring&
&&&&&&&&&&&backward3;ling&(backward&in&;me)&
&&&&&&&&&&&patch&compression&

 

Mission Operation Concept 
Document part B: 
Reference Survey 

Ref.  
 
Version:  
Date: 
Page: 

EUCL-EC-RP-8-001  
6.8 
11/09/2015 
48/88 

 

The presented document is Proprietary information of the Euclid Consortium. 
This document shall be used and disclosed by the receiving Party and its related entities (e.g. contractors and subcontractors) only for the purposes 
of fulfilling the receiving Party's responsibilities under the Euclid Project and that the identified and marked technical data shall not be disclosed or 

retransferred to any other entity without prior written permission of the document preparer. 
 

o The Solar Panel Solar Aspect Angle (SPSAA) is defined as the angle between the 
spacecraft +XSC axis and the direction to the centre of the solar disk. 

o not exceed variations of the Solar Panel Solar Aspect Angle (SPAA) of up to 10 (TBC) 
degrees 

5.1.1. Elementary Observation Implementation 
 
The elementary observation sequence over a field is composed of four frames observed with a dither 
step in between. At the end of the last frame, the FoV slews towards either: 

x The next Survey Field of View 
x A calibration field (frequency see calibration sequence). The calibration field can be a high 

density star field located in the Galactic plane or the current observed field, observed stabilised 
with calibration source on for flat field calibration (see VIS and NISP IOCD [AD8] and [AD9]). 

 
The Field of View duration is (without margin on integration time): 

• 4 x 973 s + 3 x 60 s + 290 s = 4072 s + 290 s = 4362 s  
 
The exposure time (including read out overheads) in the VIS and NISP are given in VIS and NISP 
Performance report ([AD6] and [AD7]) based on current Space Segment definition (see [AD1]): 

x VIS exposure time = 565 s 
x NISP Spectroscopy exposure time = 565 s 
x NISP Photometry exposure time: 

o Y = 121 s 
o J = 116 s 
o H = 81 s 

 

 
Figure 5-4: Nominal Field Observation Sequence. 
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This is a result of a further optimisation 
wrt the reference for mission PDR, 
shows from the other figure that with 
4400 sec exposures we are able to 
cover the wanted area in the wanted 
time (all the calibrations and EDFS are 
incorporated, as well as the 1 day per 
month of orbit maintenance). The lower 
curve refers to the non observed fraction 
because of lack of visibility of new areas 
at that particular epoch (of course one 
will use those dead times -if any- wisely, 
e.g. reobserve some fields, but at 
present these are too variable and 
sparse to have now a precise plan for 
them). 

However, this fantastic result, close 
to theoretical achievable maximum, can 
only worsen in practice because of a 
number of factors. There is a science issue related to the coupling of visibility vs “good” sky areas: because 
of the choice of fixed exposures, the S/N will vary quite a bit in the Euclid fields, according to the local 
background. This is due to the zodiacal effect (mainly a function of the ecliptic latitude but also time 
dependent) but also to the straylight from the plane of the galaxy and other star rich areas. Therefore we can 
observe 15000 sq degs but are all of them useful? The answer is no but this has to be quantified better by 
the end to end study but it leaves open an interesting possibilities: 

WIDE Possibility #1: see if an increase 
in overlap fraction between nearby fields 
would improve results (e.g. photometric 
dispersion) at some cost in covered area/
time. 

WIDE Possibil ity #2: to have a 
quantised approach to in part compensate 
for the different levels of S/N given by fixed 
exposure time and varying backgrounds. I.e. 
to divide the whole areas in blocks to be 
observed with, say two or three different 
approaches in which the whole sequence or 
only VIS/NISP spectral exposure times are 
varied with respect to a fixed global one. The 
figure reflects the goal of a continuous 
variation of T_exp so to have S/N~constant, 
which is not possible.  

A quantised version would still aim to 
decrease the strong gradient expected for an 
global T_exp but the tradeoff with the 
needed increase of calibrations must be 
assessed.  

WIDE Possibil i ty #3: instead of 
observing 15,000 sq degs once, observe 
(15-M)x 103 sq degs once and observe twice 
(M/2)x 103 sq degs or trice (M/3) x 103 sq 
degs so to have two (or three) passes in 
selected areas: this would on only give 
confidence on the overall results and their 
repeatability (repeatability is currently limited 
to a few tens of sq degs in the basic 
reference) but also increase the S/N in those 
areas. This approach therefore can be used 
to observe areas which are interesting from a 
general point of view because have other 

The presented document is Proprietary information of the Euclid Consortium. 
This document shall be used and disclosed by the receiving Party and its related entities (e.g. contractors and subcontractors) only for the purposes 

of fulfilling the receiving Party's responsibilities under the Euclid Project and that the identified and marked technical data shall not be disclosed or 
retransferred to any other entity without prior written permission of the document preparer. 

Weirdo W#N 
first/second year: go faster, 
last: go slower

Low  
|β|

fixed 
T_exp

variable 
T_exp 30

35 32 28 25

3129 30

High  
|β|

tech time same, t_exp  varies (but keep still in backgr noise limit)

( ) )
) ) 	 

for fixed S/N: !
T_exp ~ Zodi

Not allowed by instrument teams !
(calibs, stability, CTI reconstr.)

Low  
|β|

std exp

expose 2x, 3x,

Weirdo W#N+2 
latest epochs: less area but with better sampling and in selected  
areas already observed from the ground (some close to the ecliptic 
plane). Better for legacy and other Xchecks

Replace worst 1000 sq deg with 300-500 
(double or triple exposures because of 
larger backgr. on “good/interesting” areas 
(some cost to FoM but better science 
overall - ?large slews?)

Current&state&–&performance&plot&

Survey&performance&improved&a&bit&(lower&idle3;me)&
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Ground Segment – OGS and SGS 

ECSGS 

SGS 

OGS 
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Ground Segment – OGS + SOC functions 

Operations Ground Segment 
v  Design, implementation, validation and 

operation of the MOC elements of the 
ground segment 

v  Support to Project in all development 
phases 

v  Operations of the space segment 
(spacecraft and instruments) during 
LEOP, Commissioning and Routine 
Phase 

Science Operations Centre 
v  Interface between the Mission 

Operations Centre  and the other 
elements of the SGS, providing all 
necessary mission data to the SDCs.  

v  Interface to the Scientific Community 
for the final validated science products 
once released through the archive 
system developed at ESAC. 

v  Overall design and engineering of the 
SGS, working closely with the System 
Team. 

v  It manages the execution and 
monitoring of the Sky Survey. 
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Ground Segment – SGS-EC functions 

v  The Instrument 
Operation Teams 
(IOTs),  
responsible for the 
maintenance of the 
instruments 
production of weekly 
instrument reports.  

v  The Science Data 
Centres (SDCs), host 
the IOC’s, take Level 
1 and produce Level 
2. Science Processing 
to obtain Level3. 
Reprocess external 
data: Level E.  
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Euclid Main Challenges (requirements) 

v  Derive directly from the Science requirements (GC and WL probes): 
v  Survey area > 15,000 deg2, in 6 years (programmatic + science); 
v  Galaxy density, wavelength coverage, PSF FWHM;  
v  NIR photometry, error, PSF EE; 
v  NIR spectroscopy, density, flux limit, completeness, purity; 
v  Tight control of systematic errors (10-7) and correct modeling 

v  For WL the amplitude of the signal needs to be measured accurately as a 
function of redshift: 

v  PSF ellipticity < 0.15 and stability < 2•10-4 

v  PSF profile: FWHM < 180 mas, R2 < 0.057 as2 and stability < 10-3 

v  Minimum stray light (~ 20% of zodiacal light) 
v  Contrast ratio to ghost < 10-4 

v  For GC power spectrum the statistical reconstruction of large-scale structure 
requires the slitless spectrometer to achieve: 

v  Redshift accuracy < 0.001(1+z) 
v  PSF size EE80 < 600 mas 
v  Subsample of galaxies > 160,000 with 99% purity 
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Euclid Main Challenges (solutions) 

v  Large field of view three mirrors anastigmatic (Korsch) telescope (1.2m primary); 
v  All SiC optics and structure for maximum stability; 
v  Cold instrument compartment (140K) 
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Euclid Spacecraft Flight hardware 
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]. Optical & Performances splinter progress report: 
Optical procurement status 

• Telescope Nominal progress on dichroic & mirrors but AMOS still overloaded (machines, metrology,manpower) 
• ACFlat status: successfully coated.  
• Collimator OGSE status: currently under polishing 
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]. Optical & Performances splinter progress report: 
Optical procurement status 

• Telescope Nominal progress on dichroic & mirrors but AMOS still overloaded (machines, metrology,manpower) 
• ACFlat status: successfully coated.  
• Collimator OGSE status: currently under polishing 
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Dichroic QM 

M2 FOM13 M3 
Confidential 

Th
is

 d
oc

um
en

t a
nd

 it
s 

co
nt

en
t i

s 
th

e 
pr

op
er

ty
 o

f A
st

riu
m

 [L
td

/S
A

S
/G

m
bH

] a
nd

 is
 s

tri
ct

ly
 c

on
fid

en
tia

l. 
It 

sh
al

l n
ot

 b
e 

co
m

m
un

ic
at

ed
 to

 a
ny

 th
ird

 p
ar

ty
 w

ith
ou

t t
he

 w
rit

te
n 

co
ns

en
t o

f A
st

riu
m

 [L
td

/S
A

S
/G

m
bH

]. Optical & Performances splinter progress report: 
Optical procurement status 

• Telescope Nominal progress on dichroic & mirrors but AMOS still overloaded (machines, metrology,manpower) 
• ACFlat status: successfully coated.  
• Collimator OGSE status: currently under polishing 
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M3 support 

SiC parts – Hardware overview 
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NIR detectors and CCD’s 

193
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For	Euclid	Consortium	Use	OnlyEuclid – SCE Build Status System Integration Review (SIR) • Nov. 15-16, 2016

EUCLID Consortium Distribution Limited Information
EXPORT CONTROLLED – ITAR RESTRICTED

SCE Flight Build

Sample populated SCE board picture 

The populated SCE board is received and kitted, first step to assemble a flight 
SCE

Board	S/N

Kit	SCE

Assemble	
SCE

Ground	
Isolation

Warm	
Functional	

Test
BakeOut

Thermal	
Cycling

BER/Cryo Burn-In Cryo
Dis-

assemble
MIP,	JPL

Precision	
Clean

Re-
assemble	
w/	Staking

MIP,	JPL
Warm	

Functional	
Test

ICD	
Verification

EIDP	
Completion,	
Data	Disc

Preship/
Delivery

Target	Ship	
Date

Flight	SCE	#1 	 	 	 	 	 	 	 		 	 	 		 	 	 	 	 	 	 	 	
Flight	SCE	#2 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
Flight	SCE	#3 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
Flight	SCE	#4 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
Flight	SCE	#5
Flight	SCE	#6 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
xxxxx 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
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For	Euclid	Consortium	Use	OnlyEuclid- SCS DCL Activities System Integration Review (SIR) • Nov. 15-16, 2016

1.  The DCL receives the detector Sensor Chip Assembly (SCA), the Cryo-Flex Cable (CFC) and the Sensor 
Chip Electronics (SCE) Sidecar ASIC module from: Teledyne Imaging Systems (TIS), ESA and/or JPL.

2.  The DCL has and will continue:
• Test the SCA, CFC and SCE as discrete components to the L5 specifications
• Generate a test report for each unit tested
• Participate in the evaluation of the devices for suitability/ranking for integration into an SCS

Sensor Chip Assembly (2Kx2K MCT array)                            CFC (Cryo Flex Cable) SCE (Sidecar ASIC unit)

SCE test dewar Primary SCS test system

The Role of the Detector Characterization Laboratory
In the Delivery of the Euclid Sensor Chip Subsystem
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For	Euclid	Consortium	Use	OnlyEuclid- SCS DCL Activities System Integration Review (SIR) • Nov. 15-16, 2016

1.  The DCL receives the detector Sensor Chip Assembly (SCA), the Cryo-Flex Cable (CFC) and the Sensor 
Chip Electronics (SCE) Sidecar ASIC module from: Teledyne Imaging Systems (TIS), ESA and/or JPL.

2.  The DCL has and will continue:
• Test the SCA, CFC and SCE as discrete components to the L5 specifications
• Generate a test report for each unit tested
• Participate in the evaluation of the devices for suitability/ranking for integration into an SCS

Sensor Chip Assembly (2Kx2K MCT array)                            CFC (Cryo Flex Cable) SCE (Sidecar ASIC unit)

SCE test dewar Primary SCS test system

The Role of the Detector Characterization Laboratory
In the Delivery of the Euclid Sensor Chip Subsystem

v  NIR HgCdTe detectors (Teledyne), 2040X2040 pixels, 
18x18 µm, 2.3 µm cut-off, FW=130,000 e-: 

v  QE ≥ 90% 1 µm to 2.2 µm 
v  Spectroscopic noise ≤ 7 e- over 560 s 
v  Photometric noise ≤ 5 e- over 60 s  
v  Dark current ≤ 0.005 e-/s/px 
v  Linearity ≤ 0.7% between 6 ke- and 60 ke- 

v  CCD (e2v), 4096 x 4132 pixels, 12x12 µm 
FWC=175,000e- 

v  4 read-out nodes (in corners) 
v  SiC package extremely tight flatness 
v  QE ≥ 70% 500nm to 850nm (95% at 650nm) 
v  PRNU much better than 2% at all spatial scales 
v  Noise better than required 3.6 e- at 70 kpix/s 
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Spacecraft exceptional stability 
v  PSFSystem=PSFTel ⨂ PSFLOS ⨂ PSFFPA 
v  AOCS performance over one dither exposure: 

v  APE < 2,5/7,5 as around transverse/LoS axis (1σ) 
v  RPE < 25/500 mas around transverse/LoS axis 

(1σ)  
v  Need Need of a dedicated FGS Star Catalogue (19 mag); 
v  FGS performance solves by design STR to VIS thermo-

mechanical deformation problems; 
v  FGS Absolute Attitude Measurement Error @ 1Hz: 

v  0.6 as at 99.7% CL around transverse axis 
v  8.7 as at 99.7% CL around telescope boresight 

axes 
v  FGS Relative Attitude Measurement Error @ 1Hz over 700s: 

v  0.03 as at 99,7% CL around transverse axis 
v  2.1 as at 99.7% CL around telescope boresight 

axes 
v  Micropropulsion Noise ≤ 1µN/√Hz for frequency > 0.01Hz,  
v  Structural-Thermal-Optical-Performance analysis: 

v  500 MC cases: ≤ µm and µrad level deformation 
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A short movie 
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Review Cycle at ESA 

v  The project life cycle is clocked by Reviews at: 
v  Mission level 
v  Segment level (Space, ground, launcher) 
v  Element level (Platform, instruments) 
v  System/subsystem level 

v  Project Phases culminate in reviews: 
v  Phase A (PRR/SRR), B (PDR), C (CDR), D 

(QR/FAR), E (MCR/EMR); 
v  Allows periodic and independent check of tasks 

and objectives of the sequential phases; 
v  From PRR to PDR, reviews are “top down”; 
v  From CDR to FAR, reviews are “bottom up”; 
v  ESA is top level customer and directly organises 

reviews to “element” level; 
v  External entities may also participate (e.g. CERN 

with Science Ground Segment)     

ECSS‐M‐ST‐10C Rev. 1 
6 March 2009 
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4.4 Project phasing 

4.4.1 Introduction 
The life cycle of space projects is typically divided into 7 phases, as follows: 

• Phase 0 ‐ Mission analysis/needs identification 

• Phase A ‐ Feasibility 

• Phase B ‐ Preliminary Definition 

• Phase C ‐ Detailed Definition 

• Phase D ‐ Qualification and Production 

• Phase E –Utilization 

• Phase F – Disposal 

A typical project life cycle is illustrated in Figure 4‐3.  

Project  phases  are  closely  linked  to  activities  on  system  and  product  level. 
Depending  on  the  specific  circumstances  of  a  project  and  the  acceptance  of 
involved risk, activities can overlap project phases. 

At  the  conclusion  of  the  major  activities  and  the  related  project  reviews 
configuration baselines are established (see ECSS‐M‐ST‐40). 

 

Figure 4‐3: Typical project life cycle 

 

ECSS‐M‐ST‐10C Rev. 1 
6 March 2009 
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Figure 4‐4: Review life cycle 

4.4.2 Relationship between business agreements 
and project phases 

A business agreement can cover a single project phase, a sequential grouping of 
project phases or sub‐phases (e.g. phase B1/phase B2; phase B2/phase C1/phase 
C2), depending on such  factors as  funding availability, competitive  tendering, 
schedule,  perceived  risk.  Irrespective  of  the  approach  used  for  defining  the 
scope  of  individual  business  agreements,  all  space projects  essentially  follow 
the classical project phases  in sequence and  include all of  the major objectives 
and key milestones of each of these phases. 

4.4.3 Project phases 

4.4.3.1 General 

The  clause  4.4.3  provides  an  introduction  and  overview  of  the  typical major 
tasks, associated review milestones, and review objectives for each of the phases 
in a project life cycle. 

4.4.3.2 Phase 0 (Mission analysis/needs identification) 

4.4.3.2.1 Overview 

This  is  mainly  an  activity  conducted  by  the  project  initiator,  the  top  level 
customer and representatives of the end users. 
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2012 2013 2014 2015 2016 2017 2018 2019 2020 

Mission Milestones 

S/C KO Implement. Phase 

S/C Subsystems Selection 

S/C Equipment  Selection 

S/C Equipment Manufacturing 

S/C Equipment Deliveries 

PLM Subco and Eqpm. Selection 

PLM Equipment Manufacturing 

PLM FM Assembly 

PLM KO Implement. Phase 

S/C FM Integration and testing 

SRR PDR CDR FAR Launch 

Feb 14 Oct 15 May 18 Jul 20 Dec 20 

Jul 13 

Jan 13 

PDR 
Apr 14 

PLM Equipment Manufacturing 

PLM FM Assembly 

Equipm. Selection 

May 17 

May 13 

May 19 

S/C Subsystems Selection Jun 15 

S/C Equipment Selection 

S/C Equipment Manufacturing 

S/C Equipment Deliveries 

Aug 14 

Feb 16 

Nov18 

Mar 17 

Mission 
Adoption 

Jun 12 

Nov20 

S/C FM Integration and testing 

Mar 16 

Jan 16 

Oct 17 

VIS reviews and deliveries 
PDR CDR 

Feb 14 Jan 17 

NISP reviews and deliveries 
PDR CDR 

Mar 14 Nov16 

Apr 18 
VIS FM 

Jul 17 
EM 

Sep 16 
STM 

STM 
Sep16 

EM 
Dec17 Apr18 

FDR NISP FM 
Sep18 

SGS – OGS reviews 
Mar15 

Jul 20 

Aug20 
GS-ORR GS-SGS-DR 

Jun19 Dec17 Jul16 Jul13 
SGS-PRR SGS-SRR GS-RQR GS-SGS-RR GS-SGS-IR 

Euclid – Schedule Overview 
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Overview mission timeline 

Major milestone recently passed: SGS TK1, GSRqR, NISP I-CDR 
1st half 2017 project milestone: VIS I-CDR’s, Inf-Ch#7, Sci-Ch#3, SPV KO  

2008 2012 2016 2020 2024 2028 

Proposal selection End nominal mission Launch Mission adoption 

Definition Implementation Operations 

2013 2014 2015 2016 

SGS PRR SGS SRR 
M-SRR M-PDR 

NOW! 

I/PLM SRRs I/PLM PDRs 

Prime Selection 
TAS-I Turin 

System-PDR VIS 
CDR 

NISP 
CDR 

2017 
SGS TK1 OGS RQR 


