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Mission Complexity definition

Mission context

High number

of
requirement
interrelations
-Gronnd Space
Scientific
Multiple . complexity
CO nfi g u red - External data
elements - Multiple
esa @ <—— distributed
Mission aCto rs
Stakeholders
Architectural p——
complexity - @) J\.: ¥
_ P e Organizational
Launch hace Trajectory -
complexity
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Requirement complexity

D euclid \X

Euclid Mission Objectives

The Euclid Mission will measure the universe expansion history and
growth of large-scale structure with a precision that will allow to
distinguish time-evolving dark energy models from a cosmological
constant, and to test the theory of gravity on cosmological scales. In
addition it will constrain the initial conditions in the very early
Universe, by determining the statistical distribution of the primordial
density fluctuations with high precision, on scales that cannot be
probed using observations of the cosmic microwave background
(CMB).

The mission will address the following four key cosmological questions:

« Dynamical Dark Energy: Is the dark energy simply a cosmological constant, or is it a field that
evolves dynamically with the expansion of the Universe?

* Modification of Gravity: Alternatively, is the apparent acceleration instead a manifestation of a
breakdown of General Relativity on the largest scales, or a failure of the cosmological assumptions
of homogeneity and isotropy?

 Dark Matter: What is dark matter? What is the absolute neutrino mass scale and what is the
number of relativistic species in the Universe?

» Initial Conditions: What is the power spectrum of primordial density fluctuations, which seeded
large-scale structure, and are they described by a Gaussian probability distribution?

ESA UNCLASSIFIED - For Official Use Jose Lorenzo Alvarez | ESTEC | 26/06/2016 | Slide 4
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Requirement complexity

WHAT?
1050 Mulzigolemf&ent,f”m 2000 2 ’wzaw Cosm0|ogy beyond the

6000

A - Planck mission:
Dark Matter | o - <+ Dark Matter distribution
'/f/ g ol VA % Dark Energy nature

Dark Energy % 1000 I-y@i-j“..-,,-' s WM

an HOW?
% Probed through:
% BAO
% Weak Gravitational Lensing

The Mission:
% Large Sky Survey:
% 15,000 deg2
% Visible imaging
% Near-Infrared Photometry
% Near-Infrared Spectroscopy

ESA UNCLASSIFIED - For Official Use
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Requirement complexity

Baryonic Acoustic Oscillations

a ALar-ge—scale
a structure
=
g
|
A
-
=
&
3
U E . (VAVA!
FE P oce \'z
':‘.i[:r.nving .“-r_.-;.'rl::?c-n Th Ml:r;sa (] T} L — "5
Multipole moment (1)
BAO reveals the geometry of the luminous matter: Z=1100 from WMAP
Measure redshifts of galaxies over a large volume
Obtain the power spectrum for a given redshift bin
Determine the “wiggles” — the acoustic peaks
The peaks correspond to a typical scale length
ESA UNCLASSIFIED - For Official Use Jose Lorenzo Alvarez | ESTEC | 26/06/2016 | Slide 6
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Weak Lensing

The weak lensing distortion is simply a (very small) change in ellipticity

and position angle of a galaxy
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Shear Field

Reconstructed foreground mass distribution
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Gravitational Lensing by Matter
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Architectural complexity

Q Survey
LAJ Calibration

Ground Segment

Senrpent

Launch Segment 5‘?‘

b —

Service Madule

"
i sk Exterded Fay
(SVYM) .

oad ?
Moch |Ir?‘E~PL My I
| .

EC-

Ground Statior Mission Science Grouvad
Netwark Operations Center Segment

W

GS

Science
Qperatians Center

ViIs MNISP
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MBSE to tackle the problem P euci @ esSa

- 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

SysML Model

RequL;emen Operational

(] =

Performanc
e and
Quality

Mission
Parameter
Database

Organizatio
n
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MBSE Components ’@ euli

\kl.u\_

\=€CSa

Methodology

gl e Language / Semantics: SysML, Euclid ontology

ESA UNCLASSIFIED -

For Official Use

e Processes and guidelines

Tools and infrastructure

e Enterprise Architect ®, MySQL DB, WebServer
e Mission Parameter Database, DB Viewer, Integration

Modelling Scope / Patterns

e What to model and too which level.
e Information to include in model.

Views / Usability

‘Hybrid” approach: Model vs document
Dedicated created for different stakeholders

Jose Lorenzo Alvarez | ESTEC | 26/06/2016 | Slide 11
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Euclid System Model deployment and
collaboration

—
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euclid
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Eochid

Data exchange (in works)
based on ECSS-E-TM-E-25A

D
f——
dat VIS DOORs
Database export

VIS Team

ThalesAIerRa ﬁ — @/
Space

TASI DOORs
Database export

@EN\TE{RPRISE
ARCHITECT

Model HTML export for external
viewers
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Euclid Mission Parameters Database

 euclid i\&g\; esa

Consistent assumptions for all analysis, studies and software development: Mission Database
(MDB):

« Contains performance parameters for all mission elements and inputs.
« Maintained by European Consortium. Viewers implemented by ESAC.

« Change controlled by CCB with Mission System Engineering Working Group members
participation.

euclid mission database

Colpme sl | Epaddd

Yo
- Eavscoment : T
Extemall Description : Tranamussicn of the tdescope i the NEP chamel (nchecing fier and

Exs 5 transmession, The thed column r;m the maximum transmession

= Lauschiegment Soum lrptb\ 1A A3 t‘e«mrej Non vabdated, for MDB tmv
v SpaceSegment
Instrument Icl_c_m _M
e Validation:
J PLMADesignad
ENCHES Spaiescanen P AN Deagaed Bl
| PLMAsRaquired
PLMASSImuiated
- PLNCumentBestfstmate
- UM
Survey
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Euclid System Model Organization / Views

=
=
7z

=
fr

euclid

pkg Euclid Mission start page /

Euclid Mission

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

a

L/

jerome.amiaux@cea.fr

d=esa

Jose.Lorenzo.Alvarez@esa.int

/

Actor

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

Status: preliminary

«allocateActivityPartition» 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.

Status: Advanced

Verification

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

—
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

Model Library

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

Status: advanced

ESA UNCLASSIFIED - For Official Use
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Requirements modelling

req [Package] Euclid requirement [Euclid requirement req] / req [Package] Modelling Guidelines [Euclid Requirements Modelling: Relationships] /
«metaclass» «metaclass» «metaclass» «metaclass» «metaclass» Mandatory
Issue Requirement Requirement Requirement Property N . . .
Derivation between Euclid Requirements is Mandatory
represented with a dependency marked
with <<deriveReqt>> stereotype only. Justifications are attached to

requirements with a
dependency marked with
< <justify>> stereotype

For Euclid <<copy>> dependency
stereotype is not used

N

N
N
\

«extends» «extends» «extends» «extends» «extends»

R-ABC-XYZ AN \
- o -l N V
«de”‘fR_ei'»_‘____ | Requirement2
Action 4] EuclidRequirement & Justificati EuclidimpChoice ¢ Euclid_MBD_property & T «deriveReqt» E I I l bed d ed
r - Requirement3|__— 7
Actionee: int - Accepted Date: char 1d: char - Status char - Description: char m Od e I I i n g

Created Data: char - Created Date: char Justificatio EuclidType: char
Group: char - Margin: int Status ch: Source: char .- g H d | H
B Mandatory I I
Id: char - Reqdirection: char | u I e I e S

_ .= ~«trace»

Due Date: char - ld: char Justified R Expression: char -

Title: char - .
Ref for closure: char - Req unit: char - Unit: char In case itis required to track a
Status: char - Required Value: float Valueoer relationship between two

. 3 requirements that is not strictly a
Text: char derivation, the <<trace>>

Verification Method: char E u CI i d O nto I Og y d efi n iti O n stereotype is used.

custom MRD-WL-017: additive bias knowledge_OK/

PR Full traceability and

(from MRD:Justifica\tio\n)\ - j ustification

I S~
1 S~ o
justif justif
QU USRS ——— ” R-GDP-DL2-081: additive
! -~ bias in ellipticity
R-WL.2.1-024: V ~ | A
multiplicative s[u] < 2x10- MRD-WL-017: Additive = — _ __ R-GDP-CAL-072: Additive g (from GDPRD: VIS Imaging Data
3 and additive bias <= —— == model bias knowledge s «deriveReqt» Bias knowledge | Processing)
knowledge s[c] < 5x10-4. «deriveReqt» [c]<5x10-4 P GDPRD: VIS I . |
rom : maging
(from SciRD: Requirements from /\ Calibration Data Processing) L R-GDP-DL2-080: additive
Weak Lensing) ! - - bias error from mock
! Euclid data
«Verify»

| (from GDPRD: VIS Imaging Data
Processing)

«simulation»

Shape measurement K- Link to Ve rlfication

method bias
characterization

(from End to end verification)

ESA UNCLASSIFIED - For Official Use Jose Lorenzo Alvarez | ESTEC | 26/06/2016 | Slide 15
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Requirements modelling

=esa

Maintenance and traceability

1eq [Package] MRD chart[VS PSF Shape requirements] /

Generation of
7 oS0 Wik Sy B0 s PR “Tr a d |t| ona I ” Vi eWs
R-WL1-002: Average s -

densly of Galaxy fo weak 3:VIS FUWHM |z —— — b trom PERD: Eucd VIS perfomnance H d d H H .
lensing. , =0.1 - \\\ f Iéquirements”) p ro V I e I n rev I e W S N
- , /" (from SciRD: Requirements from (from MRD: Weak Lensing) N v
(from SaRD: Top Level / Weak Lensing -PLM-24: SRD-PLM-04: VIS FPA b TA opical
Requirements from Weak /! b~ - _ e
Lensing) / N
/

/ (from SRD: VIS Channel Image Qualty) \ N

, \\ \\ (from SRD: Telescope Requirements) - Re q S d O C u m e n t S
I Measurement [// \ \\
s control

\

(from SGRD: Top Level \ \\ SRD-PLM-26: Telescope VIS ChR2 << - SRD-POIN - Tra Cea b I I I ty m a t rl X
Requiements fom Weak \ \\\ SRR N \\ Tequirements derwaion [ = H H

tersg) \\ AN // (1o SRD: VIS Chamelmege Qualt) Y, \ // (from SRD: Pohing Requierents - Ve rl fl Ca tl on ma t FiX
\ -\ . < e

MRD-WL-005: VIS Channel \\ \
\ (R_p: RosfRref)"2 <4 S \ \\ // -
\ = \
from MRD: i \ R-VIS-P-006: VIS InstR2 <0.002 Y me
\\ (from SciRD: Requirements from (rom MRD: Wezk ensing) \ I g \ /\
\ i \

Weak Lensing)

\ \, (from PERD: Eucid VIS performance

requirements)
Y Y aremens) SRD-PLI22: VIS FPA faness
\ \ lerance +-60um g ———— - R 3
Legend \ RAVIS-F-002: VIS shuter requied ,’ / {fom SR-VISChamelOptal ) e ; et e e - —
[] sciro Requirement \ (from annel Optical Interface) (from EIDA: VIS instrument optical 3 TR Ty

/ . / / interfaces) {
[ pero Requirement \ /" (fom PERD: Eucld VIS functonal i
[] mRo Requirement N J requiements) J J : <« :Ekgrzg::gormance
[2 moco Requirement \ / l, / 3 eq
0 Y / / £
MIRD Requirement / Ny a
L] skorequiement RWL2.1:005: VIS ey (<< - j:?'m“fgﬂjjﬂg;:SF e
- —maa | - -
E CoRRDiSilE e (from SGRD: Requirements from N v -
I Weak Lensing) N (from SRD: VIS Channel Image Qualty) e o B
[ 104 Requirement N ama— .
[] sworequirement \ R = \ Traceability
B susitcation R-VIS-P-005: VIS nstument elpicly P -
15 e
i 102 23
(from PERD: Euciid VIS performance R T
requirements) (P
ey p—
; - 5 ot o
> From Euclid Mission Model: Example of s
requirements traceability and documentation. e

2 e
It 23 T st

MRD Weak Lensing
requirement
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Requirements modelling

Requirement Requirement
Diagram view browser

o) 2 02 B ; -
> uchdRequirements MRD-WL-013: NISP-P channel rEE80 < 0.7° &
1 12 «EuchidRequirements MED-WL-014: NISP channel pixel scale 03 «
o 13 sEuchdRequirements MRD-WL-015: Post Calibration NISP P relati
o 4 «fuchdRequirements MRD-WL-017: Additive model bias knowlec
[ EuchdRequi MRD-WL-018: Ny e eliptictyu
b BJMWMM&WM#-WM
=] MRD: Survey Performance Requirements
o (2 MRD: Deep Survey

18 Wi B8| [waiA19pon G|

[1asmo.

£

1B «EuchidRequirements MRD-WS-001: Wide Survey VIS Imaging

» 1@ «EuchdRequirements MRD-WS-002: NISP-P Degth mAB >= 24

4 13 «EuchdRequirements MRD-WS-003: VIS Imaging min 4 dithers

g MRD-WS-003: VIS Imaging min 4 dithers_OK

o 3 sEuchdRequirements MRD-WS-004: NISP Channel Dithenng

o K2 «EuchidRequirements MRD-WS-005: NISP Spectra orientation

o I3 <EuchidRequirements MRD-WS-006: NISP Imaging Depth

» B sEuchdReguirements MRD-WS-007: Usefud survey area

'} MBD: Systern Characteristics
P MRD

« ! ” J .
0k, T3 *MRD-WS00): VIS Imaging min 4 dithers OK |

& 5.
4 €2 MRDWSL03: VIS imagng min & dthers

4 -+ Sepends on

» £ RWS 22406: VIS / NISP number of deher.

roeded by

» 3 SRDPLN-30: 8 dthar exposures < 110008

+ 12 MOCDAWLD0S: Number of dehers

> [ MOCDAMWL003: VIS and NISP P exposure coverage of sky
» 2 MOCOASYSO1: Dther size

Up- link

Down-link |
) \_ B e |
Traceability window Req. text and
properties window
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Requirements modelling

& {cesa

- Benefits:

Start from Ops Concept at Phase A/B1 and systematic analysis of
requirements and relationships:

Top level requirements reduced to 40 (from over 200...).
Clearly differentiated needs from assumed architectural choices.

Knowledge Management: Systematic documentation for justification for
all requirements - central project knowledge

Change Assessment: Quick and complete assessment of impact of
changes to all levels. Change control processes driven by the model:
annotated issues, request for changes, etc.

Mission Requirements Review very successful.

- Lessons learned / Open Work:

Seamless with classic requirements management (DOORS): Easy
import, difficult to maintain linkage. Tool issue.

Need to establish baselines at regular time intervals for contractual
reasons.

ESA UNCLASSIFIED - For Official Use Jose Lorenzo Alvarez | ESTEC | 26/06/2016 | Slide 18
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Architecture modelling

=

f,r"?'_

/—‘—

euclid

bdd [Package] Architecture [Euclid Mission Architecture] /

+galaxy

Euclid Science Subject
«block»

«block» [~~~ ] The Euclid mission

+Euclid Environment

Environment

Euclid Mission ~.

requires External Data to

'& el
Soyuz 2B 1-ST

Euclid Spacecraft

achieve their scientific
objectives at Level-0 and
Level-1 as expressed in
the SciRD.

+Euclid Ground data|,1..*

+Euclid GS||,1

) Ground Data
Euclid Ground Segment

ESA UNCLASSIFIED - For Official Use
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Architecture modelling

euclid

—

y

«proxy» pData : |I_FEudid-
Community_data

ibd Block] Euclid Mission [Euciil Mission] /
i EUCL-TAST-ICD-1-002
galaxy
I
Eudid SIC: Eudid Spacecraif1] |
| __ __ __ _«ValueType» Imadiance _ _ _ _ _ - ) ) Eudidl aunchAdaptor -
pGalaxies «itemFlow» >[:j «pioxy» pLight: Imadiance plauncherlF LauncherAdapter
proxy» pRadiation : |_Env-SC_Rad
[S]«proxys pRadiationReceived -
«poxy» pSunRadiation ~_Emv-SC_Rad
I_Env-SC_Sun
—«ValueType» SolarPressure, «ValueType» Imadiance "
________ ; <Ee?n EI o_w; e e B L 2 pSolatAmay -
~_Env-SC_Sun
““““ demions 7 E
«poxy» pSC_EnvBclond :
- Emv-SC_Brlgy ]
«proxys pK-banflLink :
Enchd Exvironment «proxy» pX- 1 1_SCGnd_SderceData
onm: - bandLink:1_SC- ~
«proxy» pBackgound - an = ‘—i } J
I_Env-SC_Beky Gnd_TMTC 0 e
«block» data_HKTM Packeta:«ltemFIow»:loetFlle J«ltemFIow»
I |
| |
«proxy» pGSN_X-bandLink: \! |, «proxy» pGSN_K_banlirl(: ~_SC-
~_SCGnd_TMTC ,¥, ,M, Gnd_ScienceData
2] L
«Parb»
S g EudidGS] @  [Sl-——-----——— Dlock 10 BudidDetabrodudt _ _ _ _ _ ____ = SB
: 1 «proxy» pEXTData s[ ]«pmxy» [_EI «itemFlow» :l
I(;m-ﬂﬂ.‘_l-———————_——————————>{:] pCommunitylnterface -
| HETR «itemFlow I_Eudlid-Community_data
|
-
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Architecture modelling

FFA detectors and the NI-
DCU is described in:

NP Instumnent

B—

ghitinpast :1_NISP-
PLM Optical

m NI-DPU 1o NI-SCS ICD

euclid

pLEDDrive :
|_Power[5..5]

POriveFWA: piniveGWA: icu
|_Power |_Power

Tserpse © fm

dpu_1[1]
. PSCE Data:
| NISP_DPU-SCE Data
<3|  pTMIC:
LTI

| NISP_DPU Sync

PSCE Data :

[E ’| heater:Heater

|_NISP_DPU-SCE Data

pIMIC:
| TMITC

plmape :|_NISP-
SVM Data

plmape :|_NISP-
SVM Data

Communication
between the ICU and
the DPU is described
in the DPU ASW ICD
angl the electrical ICD
N-DPU ASWICD

—

®
7
o

=
3
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Architecture modelling

- Benefits:
« Systematic identification/definition of all interfaces.
« Coherent view of functions and allocation.
» Definition of clear blocks for reusability.

« Allows completeness in assessment of hon nominal conditions and
failures.

- Lessons learned / Open Work:
« Level of modelling: When to stop?
« Maintenance of history of changes and evolution for easy access, tracing
of decisions for change.
* Modelling of variants: how to model trade-offs? -> Currently employing
cloned branches of the model

« Interfaces modelling in SysML: Use of Ports and Association blocks still
cumbersome. Association of requirements and behaviour to interfaces
not immediate.
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From Architecture to Verification modelling

\\ \(\\k\x
euclid \\»-

eSa

ibd [Block] Euclid Spacecraft [Signal \/iew]/

«ValueType» Iradiance »

E} B 7«7\/3\[}761)/05» Imadiance plm «proxy» pVISLight : I'rPLyI/ |
VIS_Optical \
«proxy» pLight {Iradiance I ) — — — —— p*‘c*a% «proxy» pTMTC : LTMTC [
| e «block» data_HKTMPacket, «block» data_TCPacket
SO LTS TR DT T T 2T S

e
pNISPLight : |_PLM-
P_Optical

«proxy» pSC_EfvBckgnd : ~I_Env-
sc|Bekg

«block» data_HKTMPacket, «block» data_TCPacket B>

«proxy» pScienceDataf: |_SVM-
Inst_ScienceDafa

_ bloc d_a@__V'_SmﬁigsC_omP_@eﬂ;,é
«block»

block» data_NISPImageCompressed
¢ e 9 P —>| T data_SciencePacketFile

e - Lo o

svm

«proxy» pK-bandLink: 1_SC-
Gnd_ScienceData

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
=
=

«block» data_HKTMPacket,
«block» data_TCPacket

«proxy» pTMTCinstfument : |_TMTC
«proxy» pX-bandLink: 1_SC-
Gnd_TMTC

«proxy» pTMTCPlatform [ILTMTC

«Test» «verify»
EPLM e2e test
(fromEnd to end
verification)
bdd [Package] End to end verification [E2E Perf Verification] /
— Hierarchy of verification
EPLM e2e test Image quality R;z?:r;/:‘?c . L. .
activities to group into
A “traditi 1" ificati
‘ raditional verirication
I
|
| plans.
|
|
| lysis,block»
5 «analysis,block» !
: «blockanal... «blockanal... «blockanal... «block:anal... Vlgana;yss,bt..: NISP-P radiometric «analysis,block»
' VIS Channel PSF NISP-P 1Q NISP-S IQ VIS IQ Analysis ’Ia 'f”‘_e g perTor NISP-S
«satisfy» modelling Analysis Analysis calculation radiometric
| constraints calculation
: /\ /\ oo snr_calc : SNRO-O
| | |
‘ ‘ ‘ M M )
| | \ | | |
: «satisfy» «sat‘lsfy» «Sat‘lsfy» «Satisfy» «sat‘isfy» «satjsfy»
| | I | I I
«Test» «Test,analysis» «analysis, Test» «analysis» «analysis» «analysis» «analysis»
EPLM e2e test NISP-P 1Q Analysis NISP-S 1Q Analysis VIS IQ Analysis VIS Radiometric NISP-P radiometric NISP-S radiometric
CalculatioloO-O performance calculation
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Verification modelling

\\kl.\k

euclid K cSa

ibd [Block] Euclid Mission [Euclid Mission interface verification]/

Radio-Frequency
Compatibility ! !
N «block» data_S(I:iencePe«bIoclo> dataTHKTMPacket

EUCL-TAST-ICD-1-002

«Test»
Fit Check with
Launcher

(fromS/C Level soyuz[1]

Systematic assignment
of verification to
interfaces.

Automated search
allows to quickly identify
gaps, progress in
verification.

(from End to end So «itemFlow» «itemFIow» Verification Plan)
verification) ~. I
«verify» | I «proxy» pGSN_X-bandLink: ~I_SC-
\A‘;ﬁ % Gnd_TMTC
«proxy» pGSN_K-bandLink: ~I_S: 1 ]
Gnd_ScienceData | «Parby |
1 E..~lid AOTAT
«block» data_Sciencef«block» data_HKTMPacket
«item;FIow» «item;FIow»
«proxy» data_out i
|
«;3? L «itemFlow»
~~~~~ «proxy» data_in
«verifyy—=
(fromEnd to end
verificaiony | MOC = [()y——————--—=
«itemFlow»

7

/

\ =
«verify» «)Ienfy»

«Test»
SOVT
(fromEnd to end
verifreationy
ESA UNCLASSIFIED - For Official Use
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Verification modelling

euclid i\&g‘t— esa

act i ge] End to end verification [VIS ic C /

«analysis»
VIS Radiometric Calculation

ChannelSpectralResponse: Real|
alculate Zodiacal
VISChannelSpectralResponse: Real level Sp——

nelResponse: Real

out_of field_straylight map: Re

VISChannel_System_NDI: NDI :Calculate

Backér;und h r_J

ChannelNDI: NDI in_field_straylight: Real

ReferenceSkyOb)

channel_psf: PSF 0

T e (]
aperture: Integer ™ GalculateSignalLevel |

refObject

. background: Real

VIS_PSF: PSF :Calculate VIS SNR

RadiometricAperture: Integer @
SignallnputFlux: Real

signal_flux: Real
[ read_noise: Real

CCD_read_noise: Real ©

SNR: Real: Real

SNR: Real

‘Calculate
structure
response and
characteristics
(FEM Model)

‘Predict
mechanical

environment for

subsystems

Campaign,

sc_stm_campaign:’ fem_update_Poststm:
SCS™ FEM Update and
Campaign 1 correlation

sc_pftm_testing;
SC PFM Test

svm_stm
SVM STM
Campaign

Campaion 4

ActivityFinal

=

sd Activity J
e ¥ o 0
Mechanical Verification
ActivityInitial
:Identify external
constraints
pim_stm
PLM STM

ESA UNCLASSIFIED - For Official Use
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bdd [Package] NISP Verification Plan [NISP Verification Plan] /
«facility,block» Hacilities
NISP Facilities
oo
«VerificaionPlan»
«block» NISP Verification
NISP GSE = Program
oo
«VerificationPlan,b... «block,verification...
NISP DM AIT Campaig NISP STM Test
= Campaign

'EQM Test Campaign [NISP EQM Test Campaign] /

ActvityInital

qm_ft_pre_test: NISP|
Functional Test @ RT
—

eqm_ds_nioma_int:
ND-DS/NI-OMA
integration rh

eqm_mass_props:
Measure Mass

Properties rh

eqm_mmt: NISP —

Metrology
-
I\
TB/TV RNISP location:
Thermal Cycling

p—
eqm_mli: MLI/SLI
integration
1)

qm_postTBT_metrology:

i

NISP Metrology

Jose Lorenzo Alvarez | ESTEC |

= S L

eqm_lam_to_csl:
Transport

- N

eqm_sine_alCSL: Sine
Test

«___

@ oeean
eqm_random_atCSL:
Random vibration test

ey

eqm_csl_to_lam:
Transport

Ny

26/06/2016 | Slide 25
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Verification modelling

bdd [Class] E2E Performance Analysis [E2E Perf_ 7 e iy WS 10 syt et VS e e i)
sanalysss Mizsion and Payload System Engineer
VIS 1Q Analysis _, oo B Ganerate ADCS

| Lot Real : s DmR A e nea
|
| _
| n
| MRD-WL-004: VIS Channel sy - : .
===l Evipteity <0.15 :
: {FromMRD: Weak Lensing) C=
| wekengh: Real

wverifjs MRDWL-005: VIS Channel
I~ = || RpsfRrefy"2 <4
|
| (from MRD: Wesk Lensing)
|
M mrowoo2: wis pse

FWHM <= 0.18" oo I
(from MRD: Weak Lensing)
PSF, (ﬂx, By, A, I = PSFHIBMB {Ex, By, A) = PﬂFimh.(ﬂx, By, A) = PSFEMS(ﬂX, ﬂy) % PSFdHadWU,, I

Arnery + binery X Int

FWHMy(I,I) = X |blambda1y

X alambdaly
Aint1y + bmery X Inty

a +b X Int
Intly T Pintly % |Plambda1y

FWHM,, (,n = Aiambdaly

X
Aty + bmery X Intg

Mission verification tasks are linked to
expressions or requirements that are
implemented in code. No automation, just
representation in SysML Model.

2 30 33 40

Telescope PSF

(9 field points, AOCS PSF _ _ o o
4pm sampling) Inputs, products and processing functions maintained in Mission
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Behaviour modelling
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euclid \\&" esa

stm [StateMachine] VIS ROE stm [ROE Classifier Behaviour] /

Initial ROE

Command

Reading Completed
/Start Periodic HK Polling(int)

Command Read
/Stop periodic HK polling()

Command Read
/Stop periodic HK polling()

sd [Package] VIS generic suboperations [VIS Flush] /

«problem»
The SW uses a single address for the
ROEs (0x11) on its commands. Are
these multiplexed? Or treated as a

sd [Package] VIS Linearity Sequence [VIS Linearity Sequence]
MTL: Science ref VIS Intemal
Operation Center Linearity
Sequences
i I
(from VIS fromVIS from VIS |
Operations) Operations) Operations) |
! | ! !
| PUSI[8,1] TC-PERFORM-FUNCTION: Set OperationsID | |
| | |
! (Ops) , . .
I I B
PUSI[8,1] TC-PERFORM-FUNCTION: Execute Linearity Sequence |
:(Tlntl, Tint2, Tint3, Tintd) : :
~ T T N
! !
! !
{0} I I
1 |
RSU_MOVE() ref |
% !
{10} SC_FGS treatment RSU movement :
RSU_END_MOVE() | {10 +3+
¥ ,
T !
{<Tint1} | |
! |
N Open File(FileName) >
I 0
! !
| | _ Science Data Transfer to MMU() N
| 0
! !
! | __ Science Data Transfer to MMU()
! )
! [
: | Science Data Transfer to MMU()
- ?
ref |
1485 = 14955 - 10s RSU_MOVE( |
SC_FGS treatment RSU movement - close |
RSU_END_MOVE() :
1495s |
| J Science Data Transfer to MMU()
i Q
! !
14955+ Tproc (~3009)-10s | |- ——— - === === == ————————— e - o e
PUSI[1,7] TC Execution Completed Success(TC Packet ID, Packet Sequence Control, Error U
Code, Number N of parameltersto follow, Parameter Values) : :
| | !
T !
Y Close File() | L|] |
| | | |

VIS ASW ‘single’ interface. ‘ROE
=> COMMANDED ONE BY ONE.
Time stamps are generated by the ASW|

(from: vis An event will be generated at the end o (from:VIS

Operations)

the flush including de Delta T from all
12 ROE units

[ROE_C12] CCDOper(FLUSH)

Operations)
|

@»

T
(from VIS
lominal

ROE.[ROE_RWS5] Ack and Reply CCD
Operation()

«problem»
- What is the process?
Single Ack()? or Ack and
reply when flush is
completed?

Sequences)

T
(fromVIS
= = Nomipal
Sequences)
|

>

(from VIS
Nominal
Sequ(lences)
1

ESA UNCLASSIFIED - For Official Use
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Operations Modelling

wid \\ = CSdA

act [activity] Euclid Lifecycle [Euclid Lifecycle] /

Euclid Lifecycle
Beginning

( MIS.PLNC - Pre-
Launch Activities

l h

MIS.TFO - Transfer
Orbit Phase

i

Mission Operational
model for the
complete lifecycle.

MIS.NIO - In Orbit
Operation Phase

il

MIS.LNC - Launch

h

MIS.LEOP - LEOP
and Critical
Operations I'I'I

MIS.PCO - Platform
Commissioning

h

Verification Phaf_F|

MIS.IPV -
Instrument
Performance

MIS.EXOP -
Extended
Operations I'I'I

Decommissioning

MIS.DECM -

i

End of Euclid

Life

ESA UNCLASSIFIED - For Official Use
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act [activity] MIS.100.N Nominal Science [MIS.100.N Nominal Science] /
MIS.I00.N.1.1 MIS.I00.N.1.2 MIS.I00.N.1.3 MIS.IO0.N.1.4
Field Slew and Prep Dither1 Prepare for Dither Dither 2
Start of I I |-|-| I
Nominal | | |
Science | | |
Sequence  «abstraction» | |
«Represented | «abstraction» | «abstraction» | «abs
By» I «Represented | «Represented \| «Re|
«MissionActivi... «MissionActivi... «MissionActivi... «MissionActivi...
MIS.IOO.N.1.1 MIS.IOO.N.1.2 MO MIS.IOO.N.1.4
Field Slew and2yes Ditherl 5 Prepare for D¢5e= Dither2 ~ —~
s s S
seq [activity] MIS.IO0.N.1.1 Field Slew and Prep [MIS.I00.N.1.1 Field Slew and Prep] /
MTLTC Dither 1 TCFile VIS NISP CASW AASW
T T T T T T
I I I I I I
GI TC_PERF_REPOINTING_SCM_L (Target attitude quaternion, FGS PEC Selection, FGS Catalogue ID, FGS parameters) - |
i i i i
: : : : o Start of Slew, FGS in SBM()
I I I I
| | | | v
I I I I I
. . "I I I I I
02 Run TCfile(File name: "Dither 1") : : : :
I I I I
I I I I
1 1
04 Synchronous CMU command(Wheel =GWA, Movement = OPEN to DITHER 1) : :
3 [l [l I
: : Wheel Movement(Wheel = :
I | GWA, Movement =OPEN to I
: | DITHER 1) :
-
1 C:J <1 1
I I I
I I I
I I I
| | <1.5 | P .
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Verification and behaviour modelling

- Benefits:

« Completeness of verification by full coverage check of requirements
(incl. functions) and interfaces.

« Identification of common/repeated tasks: better use of synergies
between analysis and tests, reducing duplication and optimizing flow.

« Key for communication between different players to develop verification
plans:

« Commonly agreed analysis flows, sequences, etc instead of
documents.

 Lessons learned / Open Work:

« Integration of model with operations and science operations groups
models: currently separate activities

« Link with verification results: currently we link to test, analysis reports.
Appropriate for the use in Euclid. For future missions it should be
incorporated in System Knowledge Database.
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Views / Communication

« SysML model is in essence a DB with object and connections between them.

« Knowledge of the semantics allows custom searches and visualizations
(both in tool or with external data display applications)

« Integration into generic project Dashboards:

EUCLID PROJECT DASHBOARD

PROJECT ISSUES FROM JIRA  PRIORITY 1: [JEN PRIORITY 23l = AIM ACTIONS OPEN:576 OVERDUE: 233  EUCLID_PLM UPDATES
[Ooen [Compeed [t [omie [ D Do PR

BY GROUP [*] BY TEAM MEMBER (ACTIONEE]
aso il AS
seis o
Eclz as 3
ESAC LA 7
esociie B
esTeCl Ps 1
o —
P \
G5-EC|
il
o —-
wisfje
CalCD-AStatus

[*] EXCLUDES THE OTH GROUWP

CalCD-A Status

OUTSTANDING PLATO REQUESTS UNDER ASSESSMENT: 35 FINAL DECISION: 2 eNCTS TOTAL OPEN: 66 OPEN >3 MONTHS: 48
e NCR VOLUME AND AGE WORS OPEN FOR MORE THAN 3 MONTHS —@— CalCD-AReqs
{ontract Change Metice 1 3 STATUS TOTAL WRS ll": r:ul:la-;\l REFEREMCE ARE TH MONTHS 9 T9T9 O K
Contract Change Request I Submitted ] 1 UL TFS-HOR-00) o
05/09/2014 13/01/2015 15/07/2015

Total Changes

—@— Total Changes
—@— Open Changes

Currently working on integration of model metrics into :
system Management Dashboard
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Views / Communication
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Dedicated views created for reviews in HTML, integrating model and the traditional
document based ESA review process

NISP Instrument Control Unit (NI-1CLT) Summary View

The NI-ICU bandles all the NISP cootrol functionalities, and interfaces the NISF instrument to the 5/ control
system for TMETC tacks.

- Exchanges TM&TC data with the NI-DPU using a dedicated intra-instrument
- Provides the cootrol electronics for the NI-FWa, the NI-GWA and the NI-CU.

- It is responsible for the monitoring of the NI-0OAADA temperature sensors and powering the heaters, and it
mxintaire HE data of the NISP warm alsctronics [M1-WEL

The NI-ICU gererates the sscondary power supplies which are needed to perform all these functiores except from the
DPU-DCU, whese main power supply ard sscondary power peeds are sei-provided

¥ MI-1CU Design Definition Desument
# M1-1CU ASW Deslgn Definition Document

¥ MI-1CU Design Justification File

Relevant Aralysis
¥ MI-ICU Warst Case Anahysis
¥ MI-ICU Radistion Analysis
¥ [CU HW / Boot SW and ASW I ion Re
¥ preliminary Tests on ICU-DPU Commurication

= Universidad
%% Politécnica
de Cartagena

& AARBUS

DRFRrCL &

Crisa

Requirementa Interfaces
¥ NI-1CU Requirement Spec
# WI-ICU VCD
- Commumication betwesn the
Design

ICU and the DPU i deseribed
in the DPU ASW ICD and the
electrical ICD

¥ NI-DPU ASW ICD

I
The agresaeent o the Interface &
controlled in the 5/C to NISP ICD
% M NIS o Spacecraft ICD

The TM/TC detalls are described in
thee T, TC list and the ICU AW

¥ NI-ICU ASW ICD
¥ N1SPTM/TC List
¥ NI-1CU HW/SW ICD

HIGU

i T

< | The slectricl interface between

thee TCUT ared the different
subsysiems i reflected in the
ey b |1CU Eketrial 1CD,

HILFWR Click on a specific unit to see

detadl: on their side of the
Intertaee,

¥ NI-ICT Electrical ICTH
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Main Lessons learned

» Use modeling as Systems Thinking “lighthouse”

» Define and document a clear modeling approach

» Start early: Phase A/B1

» Identify to what level is necessary to model

» Facilitate Sharing and usage: Observers don’t want to
know you have a 'model’
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