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devoted to instrument calibrations and sample characterisation. The former class needs specific observations, ~6 months 
in total, on given targets (spectro-photometric standards, repeated fields for stability and flats). The latter needs repeated 
observation for depth and have different dispersion angles for the same objects or observations on well-known 
astronomical fields, ~6 months in total. Interleaved with calibrations, much time will be devoted to the Euclid Deep 
Fields (EDFs), which will be two magnitudes deeper than the wide survey and cover a minimum total area of 40 deg2. 
Because of the need of repeated observations, long observability plays a key role here and therefore possible locations 
are forced to be close to the ecliptic poles. 

The wide area has to solve a number of demanding constraints related to the visibility: the interspersed set of 
calibrations, the zodiacal background (which increases by factors in going from ecliptic poles to the ecliptic equator and, 
moreover, is also time dependent), galactic dust extinction and scattered light. The resulting Euclid sky coverage has to 
exclude the ecliptic plane and the galactic plane and bulge.   

Even though there are many solutions for the sky coverage, it is not obvious to find a solution satisfying all visibility, 
operational, and programmatic constraints. An optimal solution was found for the MPDR by the Euclid Consortium 
Survey group using a novel software, ECTile, developed exclusively for this purpose. The algorithm takes into account 
all the constraints and optimises possible sequences of pointing’s on the sky. In practice the time reserved for 
calibrations is set as an input and the best coverage is found by using the unallocated days to observe the not yet covered 
sky, weighted with a merit function. 

The solution, show in Figure 2-2 with colour coding according to the epochs, is close to the theoretically maximum 
achievable (a straight line in the second plot). Towards the end of the survey most of the visible sky has been observed 
previously, so that no new areas have very limited visibility, causing only small increases in the growth curve re-observe. 

 
Figure 2-2 Left panel: area covered by the wide survey (ecliptic coordinates, colour coding follows the epoch of observation). 
Right panel: growth curve, the increase of the area covered by the wide survey as a function of time. The empty regions reflect 
the ecliptic equator and the galaxy plane 

It must be recalled that the above reference survey is a proof of feasibility, the final survey will be delivered after launch 
and in-orbit performance verification. 

3. SPACECRAFT DESIGN 
The spacecraft can be subdivided in three main parts: a Service Module, a Payload Module, including the telescope and 
the Scientific Instruments. They are separately described in the following sections. 
 
3.1 Service Module 

The Service Module (SVM) comprises the spacecraft subsystems supporting the payload operation, hosts the warm 
electronics of the payload, and provides structural interfaces to the Payload Module (PLM) and the launch vehicle. The 
Sunshield, part of the SVM, protects the PLM from illumination by the sun and supports the photovoltaic assembly 
supplying electrical power to the spacecraft. The overall spacecraft envelope, compatible with the Soyuz ST fairing, fits 
within a diameter of 3.74 m and a height of 4.8 m, see Figure 3-1.  
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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. 
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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 
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In order to accomplish the above science objectives, Euclid must survey a large fraction of the sky: 15,000 deg2, or 36% 
of the celestial sphere and image billions of galaxies out to z~2 up to an AB magnitude of 24.5 for 10σ extended objects 
in the visible band and of 24 for 5σ point sources in the NIR bands with the optical quality expressed by Table 3-6 and 
Table 3-7. The mission lifetime has been set to 6 years (6 months margin included), hence a telescope with a stable, large 
field of view is required. 

2. MISSION ARCHITECTURE 
The Euclid mission architecture is strongly driven by the science requirements and programmatic constraints. Major 
issues of the sky survey are its speed, depth, precision, and imaging quality while the main programmatic constraint is 
the mission duration. The survey speed is guaranteed by the combination of a large field of view, about 0.54 deg2, and an 
optimised survey strategy. Ensuring the high image quality leads to demanding requirements on the pointing and thermo-
elastic stability. The survey depth leads to a minimum telescope aperture, dedicated baffling design, low temperature 
optics and detectors, a cold telescope for low near-infrared background and on-board data processing for the noise 
reduction of the near-infrared detectors. 

A large amplitude orbit around the second Sun-Earth Lagrange point (SEL2) has been selected because it imposes 
minimum constraints on the observations and allows scanning of the sky outside the galactic latitude b ±30 degree band 
around the Milky Way within the mission duration. The Euclid spacecraft will be launched from the Guiana Space 
Centre, Kourou, on board a Soyuz ST 2.1-B. The launch date and time determine the ellipticity and size of the 
operational orbit and influence the Sun-Spacecraft-Earth angle plus the daily visibility from the ground station. The 
launch is possible in most of the days of the year with minor restrictions to avoid eclipses during transfer and in the 
operational orbit, and by the angle between the Sun and telescope aperture during transfer. Once in operational orbit the 
spacecraft performs a step-and-stare scanning of the sky. 

2.1 Survey design 

Euclid aims to cover very large areas with great stability, thermal stresses must be minimised and this impacts on 
operations. In fact, the allowed pointing range is limited to observe orthogonally to the Sun, in a range of -3º towards to 
+10º from the orthogonal. In practice Euclid can scan parts of a circle on the sky along the ecliptic meridian; the 
visibility at ecliptic equator is ~ one week per semester (the target can be seen six months later along the same circle). 
This visibility period increases with the distance from the equator, up to two small circles at the ecliptic poles, which 
have perennial visibility. 

The elementary observation sequence of a field is composed of four frames of the 0.54 deg2 common area, observed with 
a dither step in-between. During each frame the visual instrument (VIS) and the Near Infrared Spectro-Photometer 
(NISP) spectrometer carry out exposures of the sky simultaneously. Subsequently, because of the disturbing vibration 
from filter wheel rotation, VIS closes its shutter during the remaining exposures while NISP photometric imaging is 
performed. At the end of the last frame, a slew towards the next field is performed. A significant part of the mission is 
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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. 
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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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Figure 2-1 Euclid standard observing sequence 

Status of Euclid mission 
• Mission PDR in October 2015: successful   

• observation of 15000 deg2 in 5 years  
(four dither of 0.54 deg2 of common area in 4362 sec) 

• optimisation of the survey in progress 
• VIS and NISP instruments CDR in end of September 2016 

• NISP & WE AIV Test Plan document  
• NISP Structural and Thermal Model (STM) AIV done   
• Sub-system CDRs 

• DPU-HW July : OK 
• ICU-HW July : OK  
• DPU & ICU ASW Test Readiness Review in progress 

Covered area by the Euclid wild survey

Integrated area for wild and deep survey
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Lancio 
dic. 2020
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NISP report @ Euclid Meeting  

(Lisbon, June 2016) 
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NISP report @ Euclid Meeting  

(Lisbon, June 2016) 
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• Aim WE-AIV:  
✓ Verify DPU & ICU Application Software (ASW) integrated in the HW (unit level).  
✓ Test end-to-end science data and TM/TC path (DPU+ICU).

Warm Electronics

Update of NISP Warm Electronics AIV activity 

• Development of AIV tools with COTS 
equipment to be integrate in TE/EGSE: in 
progress 
‣ Development of ICU, S/C and DPU 

simulators —> in progress 
‣ QuickLook for science data visualisation 

—> in progress 
• Preparation of CCS procedure for WE TC/TM 

‣ CCS5 Training course @ TERMA (Leiden) 
followed by 4 INFN person 

‣ Use of ICU-EBB as test test bench.  
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• ICU Simulator
For DPU AIV and ASW development by OA-Pd 

Written in c++ to run on 
control workstation 

• MMU simulator 

Maggiori dettagli nel talk di G.Sirri
• S/C Simulator
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Prototipo ICU (EBB)

Maggiori dettagli nel talk 

di Gabriele Sirri
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Test ICU-DPU 1553 communication

  

Preliminary Tests on ICU-DPU 
Communication 

Ref : 
Issue : 
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3 Test bench description 

 
The various pieces of hardware were assembled as shown in Figure 1; such configuration is 
not fully representative of the complete ICU-DPU set-up (DM level) but it is enough to 
check the 1553 MIL STD BUS communication features. 
 

 
 

Figure 1: Test set-up diagram. Note that in the MIL-STD-1553 connection between ICU-EBB and DPU+ 
BusMonitor PC, only Bus B was used. 

3.1 DPU Emulator 

A Maxwell SCS750P single board computer, provided by CGS (part of the DPU-DM delivery), 
is used as DPU emulator. The board is mounted in a commercial rack and it is equipped with 
the MIL-STD-1553 bus; see Figure 2. 
The hardware architecture of the board is displayed in Figure 3 (see 
http://www.maxwell.com/images/documents/SCS750_rev8_r6.pdf). 
The Board Support Package version used is the one released by the Maxwell Company (RD 
1). 

April 5-7 first ICU-DPU communication test (EUCL-OTO-TN-7-006) 
- ICU-EBB + prototype ASW by OA-To 
- DPU Maxwell SCS750P Board (by CGS) + prototype ASW by 

OA-Pd

  
Preliminary Tests on ICU-DPU 

Communication 
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The Bus Monitor used for the test is a desktop PC running CoPilot Databus Tools, Version 
7.00, Ballard Technology Inc. A sketch of the set-up is shown in Figure 1. Furthermore MIL-
STD-1553 buses are coupled to a second desktop PC (not shown in the figure) through the 
USB 1553 adapter. 

 

 
 

Figure 2: Maxwell SCS750P board mounted in commercial rack; MIL-STD-1553 buses A, B are attached to the 
yellow cables. 

 
 

 
Figure 3: Block diagram of the hardware configuration of the Maxwell SCS750P® board. 

Maxwell SCS750P 

1553 MIL-BUS 

  
Preliminary Tests on ICU-DPU 

Communication 
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4) A desktop PC running GRMON and Eclipse , used for downloading applications on FPGA 
and debugging 

5) A desktop PC with a Ballard USB 1553 Interface and running Ballard CoPilot software 
6) A Power Supply 
7) Auxiliary harness (1553 cables and adaptors) 

 

 
 

Figure 5: Picture of the ICU test-setup (desktop PCs excluded). 
 

3.4. ICU Software 
 
ICU-ASW prototype, two stand alone test programs, and a custom software acting as 
SpaceCraft (S/C) simulator are used during the test. 
The ICU-ASW prototype implements a real-time algorithm acting both as RT, managing the 
Telecommands (TC) and Telemetry (TM) exchange with the Spacecraft (S/C), and as BC for 
the exchange of configuration tables, commands and status tables with the DPU. 
The ICU-ASW supports: 

- scheduling of communication with S/C and DPU in the framework of Major Frames / 
Communication Frames (CF) 

- configuration and management of Sub Addresses 

TEST @ OA-Pd with 
participation: 
• OA-Pd 
• OA-To 
• INFN

Riunione Avanzamento N.8  

ASI, giugno 2016 

DPU-

ICU-EBB
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Attività AIV nel 2017
• Integrazione dell’ASW (v1) nei modelli EQM della DPU e della ICU e esecuzioni dei test di qualifica a 

livello di unita e di elettronica integrata (DPU+ICU = WE) [AIV test] 
• Integrazione della WE nel modello EM dello strumento NISP presso LAM a Marsiglia  
• Supporto per le procedure TC/TM per i AIV test @ LAM 
• Supporto per integrazione e procedure TC/TM per i AIV del modello AVM (Avionic Model) @ Thales 

Alenia Space (TAS-I), Torino 
• Integrazione dell’ASW nei modelli FM della DPU e della ICU e esecuzioni dei test di qualifica a livello di 

unita e di elettronica integrata (DPU+ICU = WE)  
   
• January - June: AIV test of EQM DPU, ICU and WE (ICU+DPU)  
• June - September: AIV test NISP @ LAM  
• September - November: AVM test @ TAS-I 
• November - December: AIV test of FM DPU, ICU. 

Questa attività e “vincolata” da: 
• consegna della WE integrata e qualificata al LAM all’inizio di giugno  
• ritardo nella consegna del DPU-HW EQM (dic.16 —> aprile 17) 
• ritardo nella consegna della ICU-HW EQM (dic. 16 —> giugno 17)  

• ICU-ASW verra qualificato sul modello EM mentre il mode EQM verra consegnato direttamente al 
LAM dove rifatta l’integrazione e la qualifica del ASW.    

—> parte della attività AIV prevista in Italia va rifatta a LAM (Marsiglia) con i modelli EQM
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WE-EQM AIV schedule (2017) 
• Jan. ➙ April : pre-integration of pre-v1 DPU-ASW in DPU-EQM @ CGS. 
• Mid April : delivery of DPU-EQM and ASW v1.  

• 3 weeks for DPU (unit level) AIV with FPS & EGSE (@ INFN-Padova). 
• Jan. ➙ April : Integration of ICU-ASW in ICU-EM (@ INFN-Bologna). 
• 9 May : 3 weeks for WE (DPU+ICU) ASW integration with FPS+EGSE+SCOE. 
• 1 week: DPU back to CGS for CPU swap + short functional test. 
• 9 June : delivery of DPU-EQM integrated with ASW to LAM. 
• 9 June: delivery of ICU-EQM to LAM. 

• 2-4 weeks for ICU-ASW integration and test @ LAM in air (outside ERIOS) before 
integration in ERIOS. 

• At the end of EM test the DPU has to go back to CGS to prepare the AVM test (CPU swap): 
2 wks needed in parallel with ICU EQM AVM refurbishment (no delay wrt. schedule) 

• WE-AIV team composition: 4 in Bologna and 4 in Padova     

This schedule does still not take into account the delay in the SCOE delivery and the 
possible non-availibility of the second EGSE. (See the EGSE presentation)

WE AIV report @ NISP  

Progress Meeting 12  

(Marsiglia July 2016)
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 NISP-EM AIV

AIV WE  
 with FPS

02/2017 03/2017 04/2017 05/2017 06/2017 07/2017

CGS

INFN Pd

INFN Bo

DPU+ASW pre integration @ CGS

 AIV DPU

AIV test with ICU EM 

LAM

Delivery by CRISA of ICU EQM @ LAM in June 2017 

WE EQM AIV Schedule 
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ERIOS @ LAM (Marsiglia)

45 m3 cryo-vacuum chamber 
77K and 10-6 mbar 
Large integration room with 100T seismic mass  to 
provide high stability (< 10-7g at 5 - 100 Hz)  

Detector system

Grism and filter wheel 

• To prove the electrical and performance function of the 
Instrument 

• To allow unit level electrical, mechanical and thermal 
qualification of units 

• To realise limited EMC test in preparation to the FM EMC tests 
• To allow the development of the ground checkout systems 
• To validate the, thermal, electrical, command & control test 

procedures for the FM 
• To allow development of calibration procedures 
• To allow limited  test the NISP performances (limited to dark 

and flat field to 4 engineering detectors)

NISP-EM AIV test @ LAM
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NISP and 
TMGSE

N
IS

P 
W

E

Contributo INFN ai test 
• Integrazione WE nel setup 
• Supporto per le procedure di TC/TM 
• Supporto per procedure CCS (Central 

Checkout System) 
• Turni di Test Operator
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Missioni strettamente legate attività AIV (Bo+Pd) 

• L’attività all’LAM riguarda prima test AIV WE-EQM (~ 4 set.) e poi supporto/turni test NISP-EM (~3 mesi).  
• AIV WE-EQM @ LAM : 4 persone x 4 settimane + responsabile = 20 kE  
• AIV NISP-EM @ LAM : 2 persone x 12 settimane + responsabile = 24 kE + 4 kE 

• Supporto AVM test @ Thales Alenia Space (To) : 1 persona 2 setimane = 2 kE 

• Attivita di pre-integrazione DPU ASW @ CGS Milano = 4 kE 

• Supervisione ai test di accettazione del HW DPU e ICU presso CGS e CRISA per EQM e FM  
• 4 riunioni (3 gg) per 1/2 pax = 4 kE 

• NISP Progress Meeting (PM) con ESA 3/4 riunioni (2 gg) x 2 persone (Pd+Bo) = 6 kE 
• Riunioni di Avanzamento (RA) contratto ASI 3/4 riunioni (1g) x 1 persona = 1kE 

• Riunioni brevi : 2 kE   

Richieste specifiche Padova 
Consumo: 
Camera pulita + metabolismo = 2.5 kE 
Cavi MIL-BUS & SpaceWire = 3 kE 
Manutenzione UPS = 1 kE 
Licenze annuale VxWorks = 12 kE 

Inventario: 
SpeceWire monitor board = 7 kE 
Logic State analyser portatile (PC board) = 1 kE 
Notebook per test LAM = 1 kE
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Pubblicazioni tecniche in collaborazione 
  
Proceedings della conferenza SPIE Space Telescopes and Instrumentation 2016. 

1. “Euclid Near Infrared Spectrometer and Photometer instrument concept and first test results obtained 
for different breadboards models at the end of phase C” 

2. “On-board data processing for the near infrared spectrograph and photometer instrument (NISP) of the 
EUCLID mission” * 

3. “EGSE customization for the Euclid NISP Instrument AIV/AIT activities” 
4. “Detailed design and first tests of the application software for the instrument control unit of Euclid-

NISP” 
5. “Instrument Workstation for the EGSE of the Near Infrared Spectro-Photometer instrument (NISP) of the 

EUCLID mission” 

* Poster presentato da F.Laudisio, INFN Padova, CISAS e Universita di Padova


