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Euclid Mission Overview
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HOW?
% Probed through:
% BAO
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% Weak Gravitational Lensing
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Cosmology beyond the

Planck mission:
» Dark Matter distribution
+ Dark Energy nature
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The Mission:
s Large Sky Survey:
15,000 deg2
Visible imaging
Near-Infrared Photometry
Near-Infrared Spectroscopy
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Euclid: a global

endeavour
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Euclid MBSE Approach

« Model Based System Engineering (MBSE) approach for Euclid

— Complex system and requirement interaction

— Several actors in the system: ESA, Industry, NASA, large/distributed Euclid
Consortium

— Need to manage information exchange and control efficiently and coherently

!

— Decided to implement a Model Based System Engineering (MBSE) collaborative
approach with Euclid Consortium

— Two main elements (to date):

Require Operati
ments onal

— Euclid Mission System SysML Model

— Euclid Mission Parameter Database (in
development)

Organiz
ation
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Euclid MBSE Approach

Process
Standards

Architecture
Frameworks

Modeling
Methods
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- MBSE framework: selected System
Modelling Language (SysML)

- Full OMG Systems Modeling Language
(OMG SysML) Specification released and
available at http://www.omgsysml.org/
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Euclid specific SysML extension

custom Euclid requirement req/

«metaclass» «metaclass»
Requirement Property

«metaclass»
Requirement

«metaclass» «metaclass»
Issue Requirement

«extdnds» «extends» «extgnds» «extgnds» «extgnds»

Action € EuclidRequirement &9 EuclidimpChoice € Euclid_MBD_property §3
- Actionee: int - Accepted Date: char - Status: char - Description: char
- Created Data: char - Created Date: char - EuclidType: char
- Due Date: char - ld: char - Expression: char
- Group: char - Margin: int - Source: char
- Id: char - Reqdirection: char - Title: char
- Ref for closure: char - Req unit: char - Unit: char
- Status: char - Required Value: float - value: char
- Text: char
- Verification Method: char
Euclid SysML | Jose Lorenzo Alvarez | ESTEC | 28/10/2014 | Slide 6 European Space Agency
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Euclid specific SysML extension

class EAUG /

«metaclass»
UseCase

«extgnds»

EAUG_UseCase €»

02 Use case ID: char

03 Use case authorsidentification: char
04 Actors: char

06 Preconditions: char

07 Flow of events: char

08 Workflow/pipeline/task description: char
09 SGS components interaction: char
10 Postconditions: char

11 Data model: char

12 Priority: char

13 Assumptions and Requirements: char
14 Exceptions: char

15 Nonbehavioral requirements: char
16 Issues: char

17 Source: char

18 Test case: char

«metaclass»
Requirement

«extgnds»

EAUG_Interface @3

- 03 Security Constraint: char

- 04 Data input: char

- 05 Data output: char

- 06 Exchange Description: char
- 07 Exchange trigger: char

- 08 Period: char

- 09 Volume: char

- 10 Frequency: char

- 11 Protocol: char

- 12 Required performance: char
- 13 1CD reference: char

N

Interface

1 Service definition : name ==> into general
field

2. Service description : what for in the overall
process ? ==> into general field

3 Security constraint : any specifics ?

4. Data input (description of the content of

the data as specific as possible)
5 Data Output (description of the content of
the data as specific as possible)

6. Exchange description : who initiates and
triggers the transfer,

/A Exchange description : how : manual,
automatic, event driven, time driven,...,

8. Exchange description : period of the
transfer,

9. Exchange description : Volume,

10. Exchange description : Frequency,

11 Exchange description : Protocol,

12. Exchange description : Performance
required,

13. ICD if available (or whenever available)

«metaclass»
Issue

«extgnds»

EAUG_Test [$]

- 02 Reference to Use Cases: char
- 04 Pre-condition: char

- 05 Post-condition: char

- 06 Expected result: char

- 07 Expected scalability: char

- 08 Prerequisites: char

- 09 Test Results: char

- 10 Requirements coverage: char

Test definiton and report

Test name ==> into general field
Reference to Use Cases

Test description ==> into general field
Pre-condition

Post-condition

Expected result

Expected scalability

3 Reference to/Description of test software,
hardware, storage/computing capacities, used
interfaces and services

9. Test results (review expected results and
matching of scalability)

10. Requirements coverage

PNV A WNE

[N
Use case
1 Use case name ==> into general name
field
2. Use case ID
3 Use case authors identification
4. Actors
58 Description of use-case ==> into general
notes field
6. Preconditions
A Flow of events
8. Workflow/pipeline/task description
9. SGS components interaction
10. Postconditions
L, Data model
12, Priority
13.  Assumptions and Requirements
14. Exceptions
15. Nonbehavioral requirements
16. Issues
17. Source
18. Test case
Euclid SysML|]| J
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A few of these attributes
are added as "char" to
make it easier initial data
import, but should be
implemented with
relationships with
requirements, use cases,
etc.
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Euclid MBSE Approach

Mission System Engineering
; b @
Model: 1 ;T; 'T‘ T Euclid
! S / A A Consartium

ECL | VISTedm MISF Team ELC-5G5

— Tool: Enterprise Architect by
Sparx Systems

Controls:
— Requirements baseline, S B
traceability, flow-down and ThalesAlenfa .*i‘ R _
maintenance Bl cicrand . O | ode T expor for et

— In the future: System
architecture and interactions,
Verification

The Mission level model is
developed and maintain by ESA
and the European Consortium
Mission system teams.

g
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Euclid SysML M

odel

dzesa

pkg Euclid Mission start page/

Euclid Mission Model: This model is
designed to support System
Engineering activities.

It aims a containing the suitable
information to ensure that the Euclid
Mission is designed, built and verified
to comply with its mission needs.

double click Wte.

Irfu-cea Saclay

-] .. de recherche
' sur les lois fondamentales
de I'Univers

jerome.amiaux@cea.fr

L~esa

(s
\ Kkk& =
\\\%
Jose.Lorenzo.Alvarez@esa.int

Actor

Actor package describe the different
structure and key people contributing to
the Euclid Mission.

Status: preliminary

«allocateActivity Partition» Model Components

Architecture

Architecture package describe the design
architecture of the mission, including the
Mission product tree, the Mission
environment and the Mission interface.
Status: advanced

Requirement

Requirement package contains the
requirement specification flow down from
top level Science Requirements to
implementation.
atus: Advanced

Lifecycle

Lifecycle package contains description of the different
steps in the life of the Euclid Mission from selection to
scientifical analysis of the processed data.

Status: empty

Verification

Verification package contains the test
cases and verification approach description
that allow verifying that current mission
implementation meet the expected needs.
Status: empty

Model Library

Model Library contains reference
definition, profiles and stereotypes
used in the model.

Status: advanced

Euclid-SysML | Jose Lorenzo Aivarez | ESTEC |
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Euclid Requirement Engineering

d L
2014 201 201 201 201 201 2020
20112012 2013 5 7 9 -
Mission Selection MSRR MPDR MCDR MFAR MCRR
PLMITT S/CITT S/CPDR 5/C COR S/CQR  S/CFAR
Start A L L Y/ Y L s . . . .V,  ——. O 7 Y ivish
Thu 01/09/11 f i f ! I Wed 01/04/20
— ISRR IPDR ICDR iar IFAR
SGS PRR GSRAR GSIR GSRR ORR

Requirements definition
and traceability

Interface
Consolidation

Req. Maintenance
& Change Control

Technical Control
& tracking _

Mission
Verification and
validation

Euclid SysML | Jose Lorenzo Alvarez | ESTEC | 28/10/2014 | Slide 10 European Space Agency

ESA UNCLASSIFIED — Releasable to the Public



Euclid Requirement Engineering

Mission Requirements
Mission Budget and Document
Requirement Justification (MRD)
File R
1 CL-EST-TN-1-004) \\ : :
N N Mission Operations I Mission Operations Concept

Part-B

|

|

\\ Concept Part-A  |————— 7 |

o % N (MOCD-A) i (MOCD-B) ‘
wanguee | Ll = N

LANCUACE i \\ e o —— — — — -

Euclid Mission SysML  ____________ « Survey Design

moce! : Calibration C t :
- - -1- Calibration Concept alibration Concep

(EUCL EST-OTH-1 003) Document Part-A  |— — — —— - Document Part-B |

(calCD-A) I (CalcD-B) |

| |

System Requirements P;‘:::ﬂ::::::t Ground Daluta Processing scm";i:;‘:;:’:;::at'on Mission Implementation
Document e Requirements Document Requirements Document
(SRD) PERC Document (MIRD)
( ) (GDPRD) (SIRD)

Euclid
Consortium
Euclid
Consortium EC-5GS

VIS + NISP EC-SGS SOC (ESAC) MOC (ESOC)
..... SysML | Jo! Alvarez | ESTEC | 28/10/2014 | S - European Space Agency
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Euclid Requirement Engineering

MRD top-level functional requirements

Functions

Perform Wide Survey:
15,000 deg2

Perform Deep Survey: 40
deg2

Visible imaging

Near-Infrared Slitless
Spectroscopy

Near-Infrared Photometry

Provide mission data
products in a Euclid
Legacy Archive (ELA

=
g

®
B
o

Architecture Mission

Science Lifetime 6

Single Telescope years

VIS Instrument

Space Segment .
provided by EC

L2 orbit

NISP Instrument
provided by EC

MOC at ESOC

SOC at ESAC

Ground segment
EC-SGS

GSN with X & K-band
capability

Soyuz Launcher

Agency
Constraints

ECSS Standards

Decommissioning

Passivation

Launch Segment
Euclid SysML | Jose Lorenzo A 2
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Euclid Requirement Engineering

—

®
72}
Q

MRD Main Galaxy Clustering Science requirements

Galaxy sample selection

Survey size

Average Number
of galaxies

3500 gal/deg?

Galaxy redshift
distribution

Spectroscopic red-shift determination

15,000 deg?

85% survey efficiency

Flux limit Ha-line:
3x10% ergcm2st @
1600nm

Flux limit other
wavelenghts:
3.6x10716 erg cm=2 st

Median redshit
0.7<Z<2.05

Completeness > 45%

NISP-P spectral range
1100-2000nm

Redshift (z) precision, uncertainty
and systematic offset

(see SciRD)

Redshift catastrophic error fraction
feat < 0.2%
And
f... kKnowledge better than 1%

Euclid SysML | Jose Lorenzo Alvarez | ESTEC | 28/10/2014 | Slide 13
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Wavelength error

NISP-S Imaging of the NISP-P
field with sensitivity

Mps = 24 (50)

Spectral resolution > 250

Z measurement purity > 80%

Subsample with purity > 99%

External data under EC
responsibility

European Space Agency




=
®
n
Q

Euclid Requirement Engineering

MRD Main Weak-Lensing Science requirements

Galaxy Shape Measurement
Photometric red-shift determination

i W rement Bi
Galaxy sample selection easurement Bias
Control

Encircled Energy

15,000 deg? FWHM < 0.18”
Image
e[VE:113Y Pixel scale:

Survey size 85% survey

efficiency VIS PSF _ .
0.3"/pix

Average Sensitivity: Shape
Galaxy density | mAB = 24.5 i
o My = 24 (50) in
Sensitivity all bands

(100)
Photo-z precision and
Relative

Median redshit | VIS spectral o(Resp)? _ uncertainty
range VIS PSF (R2) 0(2)/(1+7) < 0.05 Calibratio | Photometric error
. n post-calibration

o(g)< 2x10™ o(<z>)/(1+z) <0.002 <1.5%
: f . < 10%
Distortion FESE cat NISP-P
< 0.003% wavelength range
Number of 3 Euclid NIR

CTI o(enc)
effects < 1.1x10-4 photo-z bands
bins .
" External g,r,i,z
Additive data under EC
Shear o[c] < 5x10-4 responsibility

[c]
Model bias Multiplicative
H o[u] < 2x10-3 European Space Agency

30 deg?

Euclid SysML | Jose Lorenzo Alvarez | |
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Euclid Requirement Engineering

req [Package] R-Level2 [VIS Channel Ellipticity] /

R-WL.2.1-005: VIS ellipticity
notes

The ellipticity of the VIS PSF,

measured from an image that has

been exposed for the nominal

integration time, shall be less

than 0.15.

(fromL%\:iRD)
I

— e v
<<deriv|?Reqt» o = i+ ||i anfz_'zzsp: 3 - +' anfm_myz wgl
: = RN PEM,,, | U FEM,,,, )T

Budget breakdown:

VIS Ellipticity: 15.6%
SVM + PLM: 14.0%

1\ (from MRD) | TOTAL (weighted by FWHM): 14.4%

| | (4.3% system margin)

I I

| |

«deriv!leReqt» «deriv{eReqt»

I I

I I

1
SRD-PLM-XX: Telescope PSF ellipcticity R-VIS-P-005: VIS ellipticity.

notes notes
The ellipticity of the telescope PSF in the VIS channel at 800 nm shall The ellipticity of the VIS instrument PSF at
be aslow as possible and lower than 14 % at any point of the VIS field 800 nm (excluding pixelization but including
of view. (from [RD-03] sect.3.3.2.3) the residual of CTI correction) shall be less
than 0.156

(Fr SRD) (from PERD)

I
I e aoo- -

«derivI? Reqt»

PLM-6015: VIS Channel Telescope ellipticity
notes

The ellipticity (e) of the Euclid PLM PSF in t

800nmshall be < 13% (TBC) at any point of tl

FoV.

Budget breakdown:

Telescope: 13.0%

:Z(T:iL (Weightejf://oFWHM): 14.0% I n itial Iy used to
track/document
main breakdown...

Note: the requirement value includes contrib
residuals, integration alignment error, focus e
flatness tolerance allocated to the VIS instru
plane wrt to PLM interface as described PLM
thermal stability. It does not include the VIS i
contribution from the detector PSF, nor the sp
image motion (e.g. AOCS & SVM thermo-ela

(from PLM RD)




Euclid Requirement Engineering

®
72}
Q

Measurement Bias

Galaxy sample selection Control

: 15,000 deg? FWHM < 0.18” . Encircled Energy
Survey size 85% survey Image
_efficiency VIS PSF <0 | quality Pixel scale:

Average Sensitivity: : 0-3%/pix

Galaxy density| mAB =245 F : _ .
: " % Photo-z precision and

Median redshit | VIS spectral uncertaint i
range TS [Pl 2\'PSF/ Yy Relative

Z>0.8 { Calibratio | Photometric error
550—00mn knowledge 0(2)/(1+2) < 0.05 post-calibration

p n .
Legend o(g)< 2x10* WM o(<z>)/(1+z) <0.002 | <1.5%

D SciRD Requirement

— < o [ — S ——
[] pero Requirement Distortion Residual (frc oy = G NISP-P
E MRD Requirement < 0.003% wavelength range

MOCD Requirement \

: - B Number of i

D MIRDReqt.Jlrement \I@ CTI D O—(SNC) SB hOtO_Z 3 EUC|Id NIR
[[] sro Requirement effects M - 11x10-2 L p bands
. GDPRD Requirement (from SGRD: R. =B : y b| ns .
. CalCD-A requirement Weak ! Y . ); External a,nl,z
. EID-A Requirement Add|t|Ve data under EC
D SIRD requirement Shear U[C] < 5x10-4 o reSponSIbI“ty

. Justification - = R-VIS-P-005: VIS instrument ellipficity
Model bias B\ tiplicative B
o[p] < 2x10-3

rom PERD: Euclid VIS performance
requirements)




Euclid Model Organization

Euclid|

pkg Euclid Requirement tree ~

op

ESA U

Euclid Project Needs and Constraints
Legend
R-SGRD R-SMP R-Prograsmnatic () Science jand Programmatic) Level
U s | |5 oo Jﬁ_l!mmmnm:— D Pruject Level SPED (ESA)
ries [— s () Project Level SPED (EC)
Schonos Req Sciesice i it Progammalic Condraints
Plan
® /;\ = Double click on the hypertink to access directly the requirement package.
\ ; /
\ | /
*dE”VERe\qU .derw%Re qt» *dj”VERE qts EFucid Project Basic Documnant S tructure RCalCDA
\ | /
\ H ’ 2l cama
—— ¢ o roles otz
TS Caltwalion Convept part A << — — — — — — | Colbwalion Conoapt pt
e —— «deriveReqt»
_%_um— _7_7__7——*__ «deriveReqts B
notes il
(el Minsion : Tm——
T e RMOCDA
~ T~ “\‘__\ «deriveReqts ~ "——__
7 N N T moca |
/ \ ~ T~ T~ oes
/ | N =, ~— - -
/ 1 ~ ~o ~. Iisson Opsaralion
i ; T S, oo Conorpd Part A
gde”vg;{em ederiveReqts «dsrivequT{ xdsr\vsquln_\ «deriveReqts - —
/ I‘ ~o T~ - T -
// | N T ~ Toee =
/ 1 ~ ~ - ~_ ~~ -
R.SRD RFPERD PARD | rRcoPRD “~._ |RSIRD T~ RSARD
I L I S | e | | aomn | | v T swm
nades e nnles nolss welen
; R'“”. Peydosel Eleimest Prodisct Assurasice Grows! Dala Proessig S bmpbmeniafion Syctem AN Hequieieris
m A !
: 1 External Bsfsrence
uderivIequln «deriveReqt» «deriveReqts
I 1
1
RPLM R-HDA IPARD MRD
. m cderiveReqts__ "::”m s e Wission mmrr:;
R _WM_ 5 el ‘WTA N Requirerent Docsment
S
NCLASSIFIED — Releasable to the Public
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Euclid Model Organization

pkg Programmatic tree / | Pkg SciRD tree

R-Programmatic Th_ensdg_{adage cantans the II!.].III!IIE:S and ﬂﬂﬂg:;:m_
(] + Applicable ADMIN The 5ciRD Package contains e RQxxoo. )
[_] + ECSS standards Science Requirement Document for atometic geetion of text. cithe
+ R-CV1525-001: Launch Date mformaton.
+ R-CV1525-002: TRL level required
Programmatic + R-CV1525-003: Cost m‘ @] rsdrD
|:] + R-Programmatic + R-CV1525-004: Survey duration EI_LR [ ]+ ScitD: REQUIREMENTS AND MISSION CONSTRAINTS
|:] + ECP Programmatic + R-CV1525-005: Soyuz Launcher m SR [ ]+ ScilD: TOP LEVH. SCIENCE REQUIREMENTS (LEVHL 1)
E] + Programmatic justification + R-CV1525-006: Ground Station Network — || + SciRD: PAY1 OAD AND MISSION (LEVEL 2.1)
E] + Programmatic chart + R-CV1525-020: Mirror Size || + SciRD: SURVEY REQUIREMENTS (LEVEL 2.2)
[ ] + Programmatic doc + R-CV1525-021: CCD max numer ] + SciRtD: EXTERNAL DATA REQUIREMENTS (LEVEL 2.3)
+ R-CV1525-022: NIR detector max number grom Top Level)
(from Top Level) + R-CV1525-023: Space Segment Orbit
+ R-CV1525-024: ESA standard
+ R-CV1525-025: Euclid S/C composition

e

P scam T
All top level requirements implemented Q= S oty s Eiﬁilﬂﬁ
and traceable in the EA SysML model: B Smneere B e
- = ey
- NISP instrument and SGS requirements I T— %Egﬁaﬁﬁm e e =
created and maintained in EA model e 5 ko = enees e
P g ] sow P
- Industry requirements liked from r—— o s st
DOORs database. Srioncs dogone i et b
%ﬁﬂ? et e the 0k
- Changes generated and managed in
model.
Euclid SysML | Jose Lorenzo Alvarez | ESTEC | 28/10/2014 | Slide 18 European Space Agency
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Benefits: Full justif

«rationale»

req [Requirement] MRD-WL-006: VIS Ellipticity model uncertainty s(e) < 2e-4 [Budget VIS e know ledge s(e) < 2e-4] /

Ication logic track

[N
The stability requirements for the VIS PSF are derived
RDO6 and RD12. To ensure that R-WL.1-4 is met, the
elipticity of the PSF needs to be modeled sufficiently
well such that the PSF at galaxy positions can be
reconstructed.

Using realistic galaxy properties (see T-WL.2-1-6), Eqn.
15 from RDO leads to the requirement. Note that the]

asingle

g of
the ellipticity. The uncertainty (standard deviation)

must meet this requirement when calculated on
scales of A=50 arcmin2.

This requirement corresponds to the observed,
measured PSF, as such includes system, AOCS and
pixel response PSFs.

DP-CAL-02!
ation contri

Rt

_ DP-EXT-37!
deriveReqt»

omity
(from GDPRD: VIS Imaging

Calibration Daa Processing)

MRD-WL-006: VIS
Ellipticity model

(from GDPRD: Weak Lensing Data

(from GDPRD: Extemal Data Data
Processing)

«

-

_ dirace» (from PERD: Euclid VIS
_ A Watigsion ot pse . fez————— - performance requirements)
- «trace» -
— “«trace» S~
(from MRD Justification) «trace»
(from MRD Justification)
«trace»

endence (a) <= 1.1

(from SRD: VIS Channel Image

Quality)
MRD-WL-001: VIS blue off-
_ —— " pand transmission
-~ dtrace»
«trace» S cvmcen MRD-WL-019: VIS red off-
band transmission
Processing) (from MRD Justification) (from MRD Justification)
¢ _<
= - «trace» ]
uncertainty se) < 2e-4 «trace» A // -Zsluzgl- SAA range
(fromMRD Justification) | / (from MRD Justification) — _
\ (from VIS PSF Ellipticity post - (romSRD: General Survey Reqs)
\ / .-PLM-za: vis lé/ e
N oo e ticity stabilityiS 26 PPt SUR-02: Alfa angle
\ / ~ (from SRD: VIS Channel Image _ -~ ge +/-10 deg
P - me
\ / _iace» stabilit) (from SRD: General Survey Regs)
\ / _| QDo TelexoRSiuny DA-SYS-002
\ ~ Giacen X race» deg
«raten N (fromMRD Justification) ~ (from MOCDA: Euclid Sky Survey
it VN System Requirements)
(i MRD fi \
\ (from ¥ stification) \\gtracen, «tracd.
| | Ay N DA-SYS-004:
\
\ «trdce» ‘) \& e
\ / ! rate» — (from MOCDA: Euclid Sky Survey
! «yhcen NN (from MRD Justification) System Requirements)
/ \
\ / «trake» \
\ ’ \
\\ / \\ ,,,,,,, MRD-WL-003: VIS Pixel
/ \ «trace» Scale 0.1 +/-0.01 "
(from GDPRD: Weak Lensing Data \ I
\ Processing) \ (fromMRD Justification) -
\ \
(fromMRD Justification) N \ e (from MRD Justification)
N _ <trace»
AN <o
\ «race» S DL2-06!
{draée\» «trace» ontaminati
[N (from MRD Justification)
\ \ (fromMRD Justification) (from GDPRD: VIS Imaging Data
\ \ Processing)
e
N (from MRD Justification)
\
\ D Neak
\ / DP-DL3-026
\ - itoring.
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-
-
, <trace» (from GDPRD: Weak Lensing Data

Processing)
oo o
(from MRD Justification)

«traces™ ~ AOCS-07: AOCS Ti
construct p g
(from SRD: Functional
Requirements)
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Benefits: Requirement Traceability

and control

Requirement Requirement
Diagram view browser
| ¢ | &— PERD VIS Performance
" o requirements
B inien sy :
g LR A T BT N S | | s & i
("] MED-WLALE NER-P or -« |2 -
i I cEothPagarimmerds MED-WLAH: NI chansel panl wiaie 0.3 : [ 0
@ MBD-WA 905 Pent € wieti |2 [ | >
=t g |
| b M WAL A 4 b I \
o] + @ i IS4k N £ e = N
- Plabammmamcsimioa ! | = "~ Traceability
) MBID: Dowp Sy il {80 00 S S| -
a ) WD Wik Shy Sy H D B et
b 3 e PP rem— Ll ciefRamgareroets MRD-WS-00L Wate Survry VIS Imaging {0 8 |
¥ I:«:;e:'m e ].g.... el - G <wcleiboparermonts MRD-WE 000 NESP-P Depth mid = N | vamwm 2t p e n |
g mm—— T B + IR Ah VD-A3 000 1S [ v |
3 MED-WE-000 VS brageeng e & diethars 080 et
i 2 WRD-A%-004: NP C [t
(7] WRD-AS-00% = |
VARD-WA D85 Pant Colibes.
[ T—
R0 e |2 2 |
:tla\lnl\ﬂ»dal - = -
¢t o e e A e 55, MRD Weak Lensirg
- — ramiramant
]
(AT VES g o 4 s .
3 32300805 /P st GDPRD Requirements
Up. Ilnk # Ud SFOPME b e agonse < 172000
i MOCDA WL 005 Sunber of Sty
Gl MOCDA WD) V5 and SR P agom coveage o sy
L MOCDASYSI I Dtber wre
Down-link

—{— GDPRD Total Regs
—{0— TBXs

Traceability window Req. text and_
properties window

05/08/2014 10/02/2014 19/00/2014

- Model IS the Mission System Engineering control tool.

- Traceability matrixes generated from model.

- Requirement related KPIs to track the system health
and progress.

Total Changes

—{0— Total Cchanges
—{— Open Changes

T
05/08/2014  10/09/2014 17/09/2014  15/09/2014
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Benefits: adequate requirement change

Im pact assessment

XD
Assessment of changes Moso>e e
impact in the System. // alibration Data Processing) requirement

o, I —-— e o -
7 ! b
7 Woemmsiumenn Eain oAl T I New |
;CAL'B'NZ'llZU.O: 4 Enor<0.3 pirel I requirement |
perion Souton derveReq 1 - o e o
o RN N (raadlispersian Soluian E ot (from Dispersion Solution Error)
————— r I U oy Reereiln ot
(fromNISP-S Wavelength Eror)
| «aernveRsab
| | [ RAvsP-xxx:PSF o6 | / RTL\ |
Knowledge | I
y (from Proposed New Requirements) Il . I
—-— o - o ) (from New Reguirement)
! I | I - |
/ !

/ «deriveReqty
!

/
«del '¢eReq1»
)

/
! /" (fomGDPRD: NSP Calibiaion

; 7 | /" Photometry Data Processing)
/ (from CalCDA justification) !
! / RCAL-B-NP-2200:
/ -\P-2200;
RGC2.1-007: Pog \F:":AEB'N;';NU; | ] i /7' {ll Disiorion Calibration Data
- : velength Zero Poin e [
Calibration wavelength o | RDGCA5: NISP <f---- Detemi gl. e B eriveReqig «den’/eﬁ;dt» (fromNISP-P Source Position Eror) RCALBAP-2110:
calibration of spectral eriveReqh (] evelength eror post cl deriveReq| = N fom5DPRU: NISF Spectioscopy .l Telescope Distorion
fesel, ) N pixel N Calibration Data Processing) !/ / —
o B0 Calan £ sering) \ «zeWeReqt» R-CALBNP-2100: NISP-» 2‘fﬂgeReqb;fmmN\SP-P Source Position Eror)
\ ‘ . o
(from SGiRD: Reguirerens from \ X \ (fomNISP'S Wavelength Ero) “dEHVEhWQ RCAL-BNS-1120: Tranger RCALBAS-1110: NSPP / B i R << - - reacaap 2120 nspp
Galaxy Clusteing) \ aelines \ of NSPP 1o NSPS mage |- _____ Object Posion o feerveReqt¥llpisorion
\ | \ Postions < 0.5 pixel «eriveRegt» AT %eﬁv;R-eq-t» erveReg>
\\ \\ pirels N (fomNISP-P Soutce Posiion Eror) (fromNISP-P Source Position Error)
\ derivdReqt» (from Wavelength Zero Point (romNISP- Centoiding Eror) ~ 3 \ |— _————
\ \ Detemination Eror) (from Wavelength Zero Point derveReg ) I
«derivé{ieqt» (omNISP-S Viavelength Err) \ Detemination Enor) v Pl ReaLsp2s00: . i RAIPPXXY: Chromati
! derveReqty [Lf Chromatic Eror < 0.1 pirel [ «deriveReqp|_j €10 < 0. pix
\ (romNISP-P Source Positon Eror) I(Irom Proposed New Requirerents) J
\ — i — —
R-CAL-B-NP-2400: Source DP-CAL-LT5:
- 4 GDPRD: NISP Spectioscdp Qem;uiding Eocol S | oiding proce!
; e
I Caltaton Dt Processing) o GPRD:NSP Calibaton
(from NISP-P Source Position Error) Photometry Data Processing)
I (fromNew Requirement) I
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req [Change] DCR-SCIRD-19: GC revision [DCR-SCIRD-19: GC revision]

/

,(lro'm’PERD: Euclid instruments
- = ; = )

e

MRD-MIS-005: NIR Slitless
Spectroscopy

R-GC.2.1-004: NISP S
Spectral range coverage.

f;ll

T
(from SciRD: Requirements from

Galaxy Clustering)

«Ei ve

Requirements)
N
~N

«deri v{a Reqt»

R-GC.1-005: Redshifts
range.

(from SciRD: Top Level
Requirements from Galaxy
Clustering)

«d

N
«deriveReqt»

fiveReqt».

=~ _ (from PERD: Spectrometric Mode)
eriveReqts

SRD-PLM-02: PLM

l

Modified
requirement

New |
I requirement |

e - - - -

R-GC.2.1-002: NISP S

R-GC.1-002: Average
completeness

number of galaxies

JﬁiveReq_l”

(from SciRD: T&evel
Requirements from Galaxy
Clustering)

Galaxy Clustering)

R-GC.1-006: median reshift
of galaxies for redshit > 0.7

(from SciRD: TopE\/Q
Requirements from Galaxy~ N

N
«deriveReqt»
AN

Clustering) ~ ~
~
~ N
d s \\
erive t
« RBC!\»\ N
~ N
~ N
SN
~
R-GC.1-007: Upper ~ N\

(from SciRD: Requirements from

Channels
N (from SRD: Telescope
~ Requirements)
SRD-PLM-37: NISP Ch l
Wavelength range V2 (from PERD: Spectrometric mode)
(from SRD: NISP Channel 7 ————
Wavelength Range) 4 NISP.
d eReqtres
pd
-
s etvat
< q
MRD-WS-005: NISP
Spectra orientation _———
_ — —C__(romMRD: wide Sky Survey) qe\""eReq‘»
<driveReqt» NN
iveReqt: -
dither orientations. I «d\e{'ve L Data Processing)
= \ ~
from SciRD: Wid
(fro LRD: Wide Survey) \ N P-DL2-24; ngl
«deriveReq»=~ — _ _ «de”"eﬁfq_‘»_ rum per target
——__ MRD-GC-002: NISP
-

Spectrometry «derlveReq\t»
completeness

(from MRD: Galaxy Clustering)

Quartile of redshift
distribution for z> 0.7

«deriveReqt» it.

alpha line flux li

R-GC.2.1-001: NISP S H-

«derive RecT(;\

(from GDPRD: NISP Spectroscopy
Data Processing)

DP-DL2-240: sub-

\ trum from each ditl

(from GDPRD: NISP Spectroscopy
Data Processing)

-
-

(from MOCDA: Wide Survey)

F<deriveRe

———————— —_———— e MRD-GC-001: NISP-Spectro

(from SciRD: Top Level
Requirements from Galaxy
Clustering)

3

MRD-GC-004: NISP

R-GC.2.1-005: NISP S spectral resolution > 250

spectral Resolution. <<d’<ve
(from SciRD: Requirements from
Galaxy Clustering)

(from MRD: Galaxy Clustering)\ ~

(from SciRD: Requirements from
Galaxy Clustering)

rTveReq(>>

di riveReql

«deriveReqt» flux limit = 3x10-16 erg cm-2 s-

1 at 1600 nm

-

AN
«deridertdbrndrdaty
A

_ -
— =deriveReqt»
- -

-

—

=
— =~ (fromPERD: NISP General) _
-

AI

(from SRD: NISP Channel Image

_ -

m PERD: Spectrometric

SRD-PLM-47: NISP
Channel rEE

/
Madey /
7

>~

PERD:\Spectrometricde!
\

»

DA-GC-002: Avg
Xy density with goo:
ift > 3500 gal/deg

«deriveRed

I~V RVVI

DP-DL2-250: 1D
trum wavelength
bration

ieg

LMEEI“ RecloeL
/
SRD-PLM-39: NISP Arp’a x

/
m Transmission / Al straylight |

SRD—PLM\{IS: NISP

Rata Processing)
N

DP-DL3-214: H-alp|

(from PERD: Spectrometric Mode)

(from SRD: NISP Chanyhel Area
Transmission Prpduct)

(from PERD: NISP General)

(from SRD: NISP Channel
= =gy —

I (from Proposed New Requirements) I
— e o o o

tification

(ftom GDRRD: Galaxy Clustering
\ Data Processing)
I DP-DL3-210: Reds!
itch, to position
(from GDPRD: Galaxy Clustering
Data Rrocessing)

DP-DL3-213: Emi

detection

(from GDPRD: Galaxy Clustering
Data Processing)




Requirement Document Generation

Requirement document generation and
maintenance from model

- Still some documentation generated
“manually”: ESA/Industry paradigm
shift to MBSE not mature enough

- SGS, NISP, Calibration Control
Document Part-B, Requirement
Justification File fully generated from
Model

- Model includes configuration control
through baselines => Consistency
ensured across documents.
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Calibration Concept

' . Document: Part B

€uc I

Ref: EUC-MPIA-RD-1-001
Version: 3.0

Date: 01/ 02/ 2014
Page: 227175

6.1 NISP-P Relatlve Photometric Error

This sub-section details the requirement flow for the NISP-P's Relative Photometric Error. We assume
that all the contributing errors are uncorrelated and can be added i quadrature. As the small- and
larpe-scale instrument respense allocations are significant, they are separated from the other detector

effects.

rog MISF-P Aglative Photomeotrio En-nr/

R-CALE-NP-11 00

Small-Scale Respansa Emar
HEALA-HP-1000-1: Masgin P R
=01TH -
-
'a’ R-CALE-NP-1200:

| ‘dfuwnm | L=g=-3cale Responys Emor

| . - <0.00 %
refines L -

= /7,
=
=" R-CALE-NP-1200 Souice
_________ Extraction Eror = 0.60 %
sderiveReqts
ffrom MISE-F Raistive Protoratic -+ coRreREgb: =~

s R-CAL-E-NP-1400: Detaction
Emmoup .. Chain Emor < 1.00 %
~

e R-CALE-NP-1500
~ | B siground Sustraction
Emors < 0.50 %

Legend
D Celibration Requiremant
D GOFARD Aequirements [RO7)
|:| MOCT Frocedurcs [ROE)
D FERD Reguirsrmsnk [RR]
[ R0 Requivements D4

[0 sustificatians

Name

Parent ID

R-CAL-B-NP-1100:

Emor <030 % photometric error.

BRequivement
After calibration, small zeale (< 100 pizels) WISP-P channgl response | F-CAL-B-NP-1100
Small-5cale Response  |non-uniformities shall contribate < 0.50 % to the NISP-P relative| R-CAIL-B-NP-1100

E-CAL-B3-NP-1100
E-CAT-B-NP-1100
E-CAL-A-NF-1000

F-CAL-B-NP-1200:

Error < 0.60 % photometric error.

After calibration, large scale (>= 100 pizels) WISP-P channel response | E-CAL-B-NP-1200
Large-Scale Fesponse  [non-uniformities shall contribute < 0.60 % to the NISP-P relative | B-CAL-B-WP-1200

E-CAL-B-WNP-1200
E-CAL-B-NP-1200
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Beyond reguirement management

Eucli

pkg Euclid Mission start page/

Euclid Mission Model: This model is
designed to support System
Engineering activities.

It aims a containing the suitable
information to ensure that the Euclid
Mission is designed, built and verified
to comply with its mission needs.

double click on the icons to navigate.

Irfu-cea Saclay

Institut de recherche
sur les lois fondamentales
de I'Univers

jerome.amiaux@cea.fr

eSa

Jose.Lorenzo.Alvarez@esa.int

-

/%

«allocateActivity Partition» Model Components

Actor

Actor package describe the different
structure and key people contributing to
the Euclid Missi

Architecture

ckage e the design
architecture of the mission, including the
Mission product tree, the Mission
environment and the Mission interface.
Status: advanced

Requirement

Requirement package contains the

requirement specification flow down from

top level Science Requirements to
implementation.
Status: Advanced

Lifecycle

Lifecycle package contains description of the different
steps in the life of the Euclid Mission from selection to

scientifical analysis of the processed data.
Status: empty

Verification

Verification package contains the test
cases and verification approach description
that allow verifying that current mission
implementation meet the expected needs.
Status: empty

Model Library contains reference
definition, profiles and stereotypes
used in the model.

Status: advanced
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Architecture modelling

class Architecture bdd /

«block»

+Euclid Environment

Euclid Mission Environment pkg::Environment

«block»

«block» «block»

+Euclid S/C 1

+Euclid GS

Ground Data pkg::Ground Data

Launch Segment Space Segment pkg::Space Segment Ground Segment pkg::Ground

pksgie:;_;uenn(;h Segment

Euclid SysML | Jose Lorenzo Alvarez | ESTEC | 28/10/2014 | Slide 25

ESA UNCLASSIFIED — Releasable to the Public

Euclid system architecture
modelling progressing as the
system gets more defined:

- PLM, Instruments top level
model already in place

- SGS intensive use of SysML
to define their structure
and interfaces.

- Interaction between

elements being built (IBD,
parametric diagrams).

European Space Agency



Architecture m

odelling

class PLM bdd /

«block»

«block»
Telescope «block» «block»
" M2M PLM Structure::
- propeties PLM Structure
dichroic : Dichroic properties
fom1 :M2MM
fom2 : : MDE
fom3 : Mirror
m1 : Mirror
m2 : Mirror
m3 : Mirror
LLCES) [P «| » « » « »
VIS pe_exit: T peV IS «blocks «blocks PLM lsjl\roucck)ture:: PLM g:sjgure:: PLM g:?:zure:: «blocks wlocks | ~|  «blocks
NISP_channel_exit : Telescope NISP Interface M2MM MDE VIS Bracket VIS Struts PLM Baseplate M2 Trust M2 Spider PLM-SVM GFRP
full ports structure struts
light_entrace_pupil : Telescope Entrance Pupto>-©

+fem2

«block»

Telescope::Mirror

+dichroic

«interfaceBlock»
Telescope::Telescope VIS interface

+ ReflectLight(Real): Real

«block»
Telescope::Dichroic

values
«flowProperty» out VIS_channel_light : optical_signal

«block»
Telescope::Telescope Entrance Pupil

- Effective_area: Real

constraints

{light_reflected = light_incident * Spectral_resp

values
«flowProperty» in incident_light : optical_signal

perty» out _light : optical_signal

flow properties
in light_incident
out light_reflected

perty» out transmitted_light : optical_signal

+ CollectLight(Real): Real

«interfaceBloclo>
Telescope::Telescope NISP Interface

properties
Effective_area : Real

properties
RoC : Real = 0.0
Spectral_response : Real

values
«flowProperty» out NISP_channel_out : optical_signal

values
«flowProperty» in radiation_flux : optical_signal
«flowProperty» out flux_collected : optical_signal
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Architecture modelling

class VIS instrument bdd/

«block»
PLM Structure::
VIS Struts

«block»
PLM Structure:: i «block»
VIS Bracket [——mm — _~J

«block» «block»

VI-FPA::VI-FPA- VI-FPA::VI-FPA-
ES DP

«block» 36 ?

«block»
VI-FPA::CCD

«block» 2

VI-FPA:: VI-FPA::ROE
RPSU

VI-RSU
«block»

36

«block»
VI-FPA::CCD-
Flexi
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«block»

VIS instrument

VI-CU

«blocl» «block»

PMCU
CDPU

«block»
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SGS Architecture Modelling

Euclid SysML | Jos:

ESA UNCLASSIFIE

class SGS bdd /

Legend

C] Mission Level
(] ses Level

«block»
EC-SGS::EC-SGS

«block»
Ground Segment
pkg::Ground
Segment

«block»
MOC::MOC

«block»
SGS Infrastructure

«block»
Euclid Pipeline

|
|
|
|
|
respolpsible
|
|
|
|
|

v

A

(fromEC

D — Relea%aBle to the Public T

T
|
|
|
|
|
responsible
|

vV

A

GS Scientist

am)

«block»
EAS (Euclid Archive System)

T
!
|
|
|
|

respohsible
|

%

Euclid Archive Manager

e Loréhz&vanrdeass | ESTEC J, 2%/010/2014 | Slide 28esac)

(from
Actor)

-

-

«block»
SOC::SOC
77 7
7 /
- /
7 - /
- /
P /
_ dinteracts //
< with» ,
/
/
«block»

Science Mission Loop

..... Check that acquisitions
are consistent with
planned observations

I
|
|
|
|
respolwsible
|
|
|
|

Vv
SOC Mission Manager

(from
Actor)
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SGS Architecture Modelling

class Euclid Pipeline (overview)

«block»
SGS

Infrastructure::
Common Tools

«block» «block»
SGS.old::Euclid Euclid Data
Pipeline Product instance

cons}]mes prodlbces
| |

«block» «block» «block» is referenced into «block»

Pipeline orchestrates _ |Pipeline Modules isimplemented by __|Pipeline Modules and managed by SGS Infrastructure::
Description [~~~ T T T T T T T T T = Pipeline Packages
Package Repository

Definition Executable

|
|
| T T T
\ re%ponsible ! ' '
is rebo\nsible | is resp{)nsible isresponsible f{)r development is oper%ated by
\ : | | |

\ V V V

N

SGS Scientist ou SDC Dev SDC Prod
(fromEC (from (from (from
Team) Actor) Actor) Actor)
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SGS Architecture Modelling

Euclid SysM

ESA UNCLAY

class Logical Components/

5SIFIED — Releasable to the Public

«block» «block»
EACS = EAS = _L1metadata_ _ | soc
/1
/
!
/
!
/
/
«block» store «block» /
PPto —— —| COORS Central retrieve EIS II
PO I_ = / «block»
\ N II RMT Central
A \ /
! \ \
I N \ \ /
| \ \ distribute L1 \ ! A A
: \ nd DDO to \ store/re,(rieve metadata | [
| \\ IALY \\ / : :
! \ A \ / | !
| RN \ / I I
pipeline descriptions PO \ N _ pracessing . _ _ _ _ ——————————— e e -
! \ - status I | RN
| N v \ ! SDC | | \
! \ N \ / I | !
| AN \\ \ II | | |
| N \ \ / | | |
———————— (R N N / events | ! !
- | N I\ N h | | |
/ CCXIDEEN \ RN \\ \ i | | logs :
| | | \ | |
| bl | | Q «block» | [ |
| B - Desor | | SDC:IAL (including f—— ———— ——— —— — — - | |
I ? e L | | COORS and DSS I [
| repository I I local direct connection | !
: : : N with DSS in other : :
| Lo N N SEEs | |
| | | \ II N «block» | |
| | I job submit \I | job SQrR/retrieve Hata §i¥s:DSS << - | :
| I I | I
I I I '\ \ S N - I I
| A ' |
| «block» | | «block» - «block» |
1 CODEEN::Pipeline | | SDC::Cluster monitors SDC::RMT Agent !
: Module package <<---- + - T - Infrastructure << ------TTTTo- :
repository .
\ Get ckagels &
- /
| Jose Lor——————— =sT, &elgf& RR014 .
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System Internal data flow modelling

ibd [Block] Telescope [Telescope ibd] /

ibd [Block] Telescope [Telescope ibd]/

«ValueType» optical_signal

«ValugType» optical_signal «ValueType» optical_signal

«full» light_entrace_pupil ; ;
Telescope Entrance Pupil H_ R -—= | =

«itemFlow» «itemFlow» ; .
«temFlows «itemFlow»

ichroic: C
incident_light :

[reflected_Tight : | «proxy»
R 3 VIS_Telescope_exit :
Telescope VIS interface
- «proxy»

transmitted_light : H NISP_channel_exit :

. Telescope NISP Interface
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Use-case definition for SGS

class On-demand Processing Execution Environment/

i Distribute Euclid Data
Product to Scientific
Community

Scientific Community
(non EC SWG members)
=
gr(:nr: _-" (fromTﬂ-Level Objectives)
ctor) - - /
- - /
Pl /
Create & Run /

Processing Plans fol /
On-demand /
EC SWG processing /
~ /
(from S - , /
Actor) ~So ;
~
~ /
VAN
~
~
/ N
/ S
/

Manage quality of Euclid

/
/ data products
/ /7 Lo
/ _ oM Top-Level Objectives)
/ _- -
EC Operational Euclid // - -
Project Scientist . _-
e
g' m Create & Run

Processing Plans foi
reprocessing
campaigns

|
|
1

X

EC SGS global
monitoring and control Arbitrate SDC Manage pipeline modules
team resources - > distribution & execution
allocation to inside EC SGS

(from Rrocessing Plans
Actor)
(from SGS onitoring & (from Top-Level Objectives)
Cohtrol)

not needed? stated in
processing parameters?

SDC Prod

(from
European Space Agency
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Activity diagrams for pipeline

process

act Execute On-demand PP/ act Execute PO/

Create processing Plan N ReceivePO Each event during PO

\ execution sends log
information into EIS

Select Pipeline
Descriptions

Create Processing
Plan

Processing activities (PP,

X Attach Sky Areas PO, Pipeline Check consistency of If needed retrieve Check availability of
Init Descriptions..) are Observation/SkyPatch missing observation external data (related to
registered in EIS Local vs. EAS data sky patch) - retrieve if
needed

Bypasq checks?

(optional): Attach
SDC Bypass

COORS

@ available locally

Attach Input Data Tz;z;z‘t';m::’ta)
Queries LF)
: i Divide Sky Area into Execute PP (=
(""F‘,'l‘;"::;;’i':d"y Sky Patches & each PO)
Parame!ergs generate Processing p
Orders " :ﬂ"m eted Transfer input data to Retrieve package Prepare/check
\ / p cluster storage version from cluster
NS o Codeen ("latest infrastructure
8 stable")
o}
®
2
<
Execute processing
. (Pipeline
3 Description
3 Send L1 data o EAS. Send L1 metadata to traversal by IAL
g (&) Workflow Manager)
| Newoaa
available
Distribute data to 2 SDC Create Processing Plan f
% By i aing mm“ceﬂpp' Distribute PS?)sCm primary Clean infrastructure Check output Complete output
8 consistency data with
piftompleted generic header
. v N
> ‘Get metadata from EACS Getnew L1 data from Register new data
£z AS (GFS) location in EACS e oy
28 Store output data Reference output
¢ into local archive data to EACS
- if production
PO completed
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Focus for coming year(s)

d L
2014 201 201 201 201 201 2020
20112012 2013 5 7 9 -
Mission Selection MSRR MPDR MCDR MFAR MCRR
PLMITT S/CITT S/CPDR 5/C COR S/CQR  S/CFAR
Start A L L Y/ Y L s . . . .V,  ——. O 7 Y ivish
Thu 01/09/11 f i f ! I Wed 01/04/20
— ISRR IPDR ICDR iar IFAR
SGS PRR GSRAR GSIR GSRR ORR

Requirements definition
and traceability

Interface
Consolidation

Req. Maintenance
& Change Control

Technical Control
& tracking _

Mission
Verification and
validation
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Focus for the coming year

pkg Euclid Mission start page/

Euclid Mission Model: This model is
designed to support System
Engineering activities.

It aims a containing the suitable
information to ensure that the Euclid
Mission is designed, built and verified
to comply with its mission needs.

double click on the icons to navigate.

Irfu-cea Saclay

Institut de recherche
sur les lois fondamentales
de I'Univers

jerome.amiaux@cea.fr

-@esa

-

L/

=

Actor

Requirement

Actor package describe the different
structure and key people contributing to
the Euclid Mission.

Status: preliminary

Requirement package contains the
requirement specification flow down from
top level Sci = Q

Stgyds: Advanced

«allocateActivity Partition» Model Components

Lifecycle

Architecture

Architecture package describe the design
architecture of the mission, including the
Mission product tree, the Mission
environment and the Mission interface.
Status: advanced

ifecycle package contains description of the differen:
RPs in the life of the Euclid Mission from selection i

Verification

Verification package contains the test
cases and verification approach description
that allow verifying that current mission

implementation meet the expected needs.
Status: empty

Model Library contains reference
definition, profiles and stereotypes
used in the model.

Status: advanced
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THANKS!
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