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Mission Complexity definition

Multiple 
configured 
elements

Architectural 
complexity

Multiple 
distributed 

actors 

Organizational 
complexity

Scientific 
complexity

High number 
of 

requirement 
interrelations

Mission context
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Top Level Science Requirements: The JWST Science Themes

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?

Requirement complexity



Jose Lorenzo Alvarez | ESTEC | 26/06/2016 | Slide  5ESA UNCLASSIFIED - For Official Use

WHAT?
Cosmology beyond the 

Planck mission:
 Dark Matter distribution
 Dark Energy nature

HOW?
 Probed through:

 BAO
 Weak Gravitational Lensing

The Mission:
 Large Sky Survey:

 15,000 deg2
 Visible imaging
 Near-Infrared Photometry
 Near-Infrared Spectroscopy

Requirement complexity
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BAO reveals the geometry of the luminous matter:

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

Z=1100 from WMAP

Baryonic Acoustic Oscillations

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

and position angle of a galaxy

Gravitational Lensing by Matter

Shear Field

Matter distribution

Requirement complexity

Weak Lensing
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Architectural complexity
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Organizational Complexity
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• 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

System

Functional

Operational

Physical

Organizatio
n

Performanc
e and 

Quality

Requiremen
ts

MBSE to tackle the problem

SysML Model

Mission 
Parameter 
Database
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MBSE Components 

Methodology

• Language / Semantics: SysML, Euclid ontology

•Processes and guidelines

Tools and infrastructure

•Enterprise Architect ®, MySQL DB, WebServer

•Mission Parameter Database, DB Viewer, Integration

Modelling Scope / Patterns

•What to model and too which level.

• Information to include in model.

Views / Usability

• ‘Hybrid’ approach: Model vs document

• Dedicated created for different stakeholders
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Euclid System Model deployment and 
collaboration

Data exchange (in works)
based on ECSS-E-TM-E-25A
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Euclid Mission Parameters Database

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.
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Euclid System Model Organization / Views

pkg Euclid Mission start page

«
a

ll
o

c
a

te
A

c
ti

v
it

y
P

a
rt

it
io

n
»

 M
o

d
e

l 
C

o
m

p
o

n
e

n
ts

Euclid Mission

Architecture
Model Library

Requirement
Verification

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.

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

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 Science Requirements to 

implementation.

Status: Advanced

Verification package contains the test 

cases and verification approach description 

that allow verifying that current mission 

implementation meet the expected needs.

Status: empty

Architecture package describe the design 

architecture of the mission, including the 

Mission product tree, the Mission 

environment and the Mission interface.

Status: advanced

Model Library contains reference 

definition, profiles and stereotypes 

used in the model.

Status: advanced

double click on the icons to navigate.

jerome.amiaux@cea.fr

Jose.Lorenzo.Alv arez@esa.int

Lifecycle

Actor
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Requirements modelling
req [Package] Euclid requirement [Euclid requirement req]     

EuclidRequirement

- Accepted Date: char

- Created Date: char

- Id: char

- Margin: int

- Req direction: char

- Req unit: char

- Required Value: float

- Text: char

- Verification Method: char

«metaclass»

Issue

Action

- Actionee: int

- Created Data: char

- Due Date: char

- Group: char

- Id: char

- Ref for closure: char

- Status: char

«metaclass»

Requirement

Justification

- Id: char

- Justification Ref: char

- Justified Req: char

- Status: char

EuclidImpChoice

- Status: char

«metaclass»

Requirement

«metaclass»

Requirement

«metaclass»

Property

Euclid_MBD_property

- Description: char

- EuclidType: char

- Expression: char

- Source: char

- Title: char

- Unit: char

- Value: char

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

custom MRD-WL-017: additiv e bias knowledge_OK

MRD-WL-017: Additiv e 

model bias knowledge s

[c]<5x10-4

R-WL.2.1-024: 

multiplicativ e s[µ] < 2x10-

3 and additiv e bias 

knowledge s[c] < 5x10-4.

(from SciRD: Requirements from 

Weak Lensing)

R-GDP-CAL-072: Additiv e 

Bias knowledge

(from GDPRD: VIS Imaging 

Calibration Data Processing)

R-GDP-DL2-081: additiv e 

bias in ellipticity

(from GDPRD: VIS Imaging Data 

Processing)

R-GDP-DL2-080: additiv e 

bias error from mock 

Euclid data

(from GDPRD: VIS Imaging Data 

Processing)

J-SHAPE-MEAS-BIAS A

(from MRD Justification)

«simulation»

Shape measurement 

method bias 

characterization

(from End to end verification)

«Verify»

«deriveReqt»

«justify»

«deriveReqt»

«justify»

req [Package] Modelling Guidelines [Euclid Requirements Modelling: Relationships]     

R-ABC-XYZ

Requirement2

Justification 1

Mandatory

Justifications are attached to 

requirements with a 

dependency marked with 

<<justify>> stereotype 

Mandatory

Derivation between Euclid Requirements is 

represented with a dependency marked 

with <<deriveReqt>> stereotype only.

For Euclid <<copy>> dependency 

stereotype is not used

Requirement3

Requirement4

Mandatory

In case it is required to track a 

relationship between two 

requirements that is not strictly a 

derivation, the <<trace>> 

stereotype is used.

«trace»

«deriveReqt»

«justify»

«deriveReqt»

Euclid ontology definition

Embedded 
modelling 
guidelines

Full traceability and 
justification

Link to verification
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Maintenance and traceability

> From Euclid Mission Model: Example of 
requirements traceability and documentation.

req [Package] MRD chart [VIS PSF Shape requirements]     

MRD-WL-002: VIS PSF 

FWHM <= 0.18''

(from MRD: Weak Lensing)

SRD-PLM-04: VIS FPA to TA optical 

IF

(from SRD: Telescope Requirements)

SRD-PLM-24: VIS Telescope PSF 

FWHM < 0.155 arcsec over 700s

(from SRD: VIS Channel Image Quality)

R-VIS-P-003: VIS Instrument PSF 

FWHM <10.8um

(from PERD: Euclid VIS performance 

requirements)

SRD-PLM-22: VIS FPA flatness 

tolerance +/-60um

(from SRD: VIS Channel Optical Interface)

R-WL.2.1-003: VIS FWHM 

<= 0.18''

(from SciRD: Requirements from 

Weak Lensing)

SRD-POINT-03: Pointing 

requirements derivation

(from SRD: Pointing Requirements)

EIR-749: VIS FPA planarity 

+/-45um

(from EIDA: VIS instrument optical 

interfaces)

MRD-WL-005: VIS Channel 

(Rpsf/Rref)^2 <4

(from MRD: Weak Lensing)

SRD-PLM-26: Telescope VIS Ch R2 

< 0.055 over 700s

(from SRD: VIS Channel Image Quality)

R-VIS-P-006: VIS Inst R2 <0.002

(from PERD: Euclid VIS performance 

requirements)

R-VIS-F-002: VIS shutter required

(from PERD: Euclid VIS functional 

requirements)

R-WL.2.1-006: 

(R_psf/R_ref)2 <4

(from SciRD: Requirements from 

Weak Lensing)

R-WL.1-004: Measurement 

Bias control

(from SciRD: Top Level 

Requirements from Weak 

Lensing)

R-WS.2.2-002: VIS depth AB 

24,5

(from SciRD: Wide Survey)

R-WL.1-002: Average 

density of Galaxy fo weak 

lensing.

(from SciRD: Top Level 

Requirements from Weak 

Lensing)

MRD-WL-004: VIS Channel 

Ellipticity < 0.15

(from MRD: Weak Lensing)

R-WL.2.1-005: VIS ellipticity

(from SciRD: Requirements from 

Weak Lensing)

SRD-PLM-25: Telescope PSF 

ellipcticity < 0.14 over 700s

(from SRD: VIS Channel Image Quality)

R-VIS-P-005: VIS instrument ellipticity 

<0.156

(from PERD: Euclid VIS performance 

requirements)

SciRD Requirement

PERD Requirement

MRD Requirement

MOCD Requirement

MIRD Requirement

SRD Requirement

GDPRD Requirement

CalCD-A requirement

EID-A Requirement

SIRD requirement

Justification

Legend

Requirements modelling

Generation of 
“Traditional” views 
provided in reviews:

- Reqs documents
- Traceability matrix
- Verification matrix
- …
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Requirements modelling
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Requirements modelling

• 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.
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Architecture modelling

bdd [Package] Architecture [Euclid Mission Architecture]     

Euclid Mission

«block»

Euclid Spacecraft

Ground Data
Euclid Ground Segment

The Euclid mission 

requires External Data to 

achieve their scientific 

objectives at Level-0 and 

Level-1 as expressed in 

the SciRD.

Soyuz 2B 1-ST

Env ironmentEuclid Science Subject

«block»

+Euclid Environment

+Euclid Ground data 1..*
+soyuz 1

+galaxy

+Euclid S/C 1..1 +Euclid GS 1
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Architecture modelling
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Architecture modelling
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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 non 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
ibd [Block] Euclid Spacecraft [Signal View]     

«proxy» pX-bandLink : I_SC-

Gnd_TMTC

«proxy» pSC_EnvBckgnd : ~I_Env-

SC_Bckg

«proxy» pLight : Irradiance

«proxy» pK-bandLink : I_SC-

Gnd_ScienceData

ibd [Block] Euclid Spacecraft [Signal View]

«proxy» pX-bandLink : I_SC-

Gnd_TMTC

«proxy» pSC_EnvBckgnd : ~I_Env-

SC_Bckg

«proxy» pLight : Irradiance

«proxy» pK-bandLink : I_SC-

Gnd_ScienceData

«full» pAperture : EntrancePupil

«proxy» pTMTC : I_TMTC

plm

«full» pAperture : EntrancePupil

«proxy» pTMTC : I_TMTC

«proxy» pScienceData : I_SVM-

Inst_ScienceData

«proxy» pTMTCInstrument : I_TMTC

«proxy» pTMTCPlatform : I_TMTC

svm
«proxy» pScienceData : I_SVM-

Inst_ScienceData

«proxy» pTMTCInstrument : I_TMTC

«proxy» pTMTCPlatform : I_TMTC

«proxy» pTMTC : I_TMTC

nisp

«proxy» pTMTC : I_TMTC

«proxy» pTMTC : I_TMTC

vis

«proxy» pTMTC : I_TMTC

Optical signal
science data
TM link

Legend

«Test»

EPLM e2e test

(from End to end 

verification)

«proxy» pVISLight : I_PLM-

VIS_Optical

«proxy» pNISPLight : I_PLM-

NISP_Optical

«ValueType» Irradiance

«block»

data_SciencePacketFile

«verify»

«block» data_VISImageCompressed

«block» data_NISPImageCompressed

«verify»

«block» data_HKTMPacket,

«block» data_TCPacket

«block» data_HKTMPacket, «block» data_TCPacket

«verify»

«ValueType» Irradiance

«block» data_HKTMPacket, «block» data_TCPacket

bdd [Package] End to end v erification [E2E Perf Verification]     

«analysis»

Radiometric 

performance

«analysis»

Image quality

«analysis,b...

VIS radiometric 

calculation

«analysis,block»

NISP-P radiometric 

performance

constraints

 snr_calc : SNR

«analysis,block»

NISP-S 

radiometric 

calculation

«block,anal...

VIS IQ Analysis

«block,anal...

NISP-P IQ 

Analysis

«block,anal...

NISP-S IQ 

Analysis

«analysis»

VIS IQ Analysis

«analysis»

VIS Radiometric 

Calculation

«analysis»

NISP-P radiometric 

performance

«analysis»

NISP-S radiometric 

calculation

«block,anal...

VIS Channel PSF 

modelling

«Test»

EPLM e2e test

«analysis,Test»

NISP-S IQ Analysis

«Test,analysis»

NISP-P IQ Analysis

«Test»

EPLM e2e test

«satisfy»

«satisfy» «Satisfy»
«satisfy»

«satisfy»
«Satisfy» «satisfy»

Hierarchy of verification 
activities to group into 
“traditional” verification 
plans. 
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Verification modelling
ibd [Block] Euclid Mission [Euclid Mission interface v erification]     

ibd [Block] Euclid Mission [Euclid Mission interface v erification]

«proxy» pK-bandLink : I_SC-

Gnd_ScienceData

pLauncherIF

«proxy» pX-bandLink : I_SC-

Gnd_TMTC

Euclid S/C: Euclid Spacecraft[1]

«proxy» pK-bandLink : I_SC-

Gnd_ScienceData

pLauncherIF

«proxy» pX-bandLink : I_SC-

Gnd_TMTC

«proxy» pGSN_K-bandLink : ~I_SC-

Gnd_ScienceData

«proxy» pGSN_X-bandLink : ~I_SC-

Gnd_TMTC

«Part»

Euclid GS[1]

«proxy» pGSN_K-bandLink : ~I_SC-

Gnd_ScienceData

«proxy» pGSN_X-bandLink : ~I_SC-

Gnd_TMTC

EUCL-TAST-ICD-1-002

pMechIF

soyuz[1]

pMechIF

EuclidLaunchAdaptor :

LauncherAdapter

«proxy» data_out

«proxy» data_in

moc
«proxy» data_out

«proxy» data_in

sgs

«Test»

Fit Check with 

Launcher

(from S/C Level 

Verification Plan)

«Test»

SOVT

(from End to end 

verification)

«Test»

SVT

(from End to end 

verification)

«Test»

Radio-Frequency 

Compatibility

(from End to end 

verification)

«proxy» data_out

gsn

«proxy» data_out

«block» data_SciencePacketFile

«itemFlow»

«block» data_SciencePacketFile

«itemFlow»

«verify»

«verify»

«verify»

«verify»

«itemFlow»

«block» data_HKTMPacket

«itemFlow»

«block» data_HKTMPacket

«itemFlow»

«verify»

«itemFlow»

«verify»

«verify»

Systematic assignment 
of verification to 
interfaces.

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

act [Activ ity] NISP EQM Test Campaign [NISP EQM Test Campaign]     

act [Activity] NISP EQM Test Campaign [NISP EQM Test Campaign]

ActivityInitial

eqm_ds_nioma_int:

ND-DS/NI-OMA 

integration

eqm_mmt: NISP 

Metrology

eqm_mli: MLI/SLI 

integration

eqm_ft_pre_test: NISP 

Functional Test @ RT

eqm_mass_props: 

Measure Mass 

Properties

TB/TV RNISP location: 

Thermal Cycling

eqm_postTBT_metrology:

NISP Metrology

eqm_vibe_sine_atLAM:

Sine Test

eqm_random_atLAM:

Random vibration 

test

eqm_postVibeLAM_metrology:

NISP Metrology

eqm_lam_to_csl: 

Transport

eqm_sine_alCSL: Sine 

Test

eqm_random_atCSL: 

Random vibration test

eqm_csl_to_lam: 

Transport

eqm_postVibe_metrology:

NISP Metrology

eqm_TBT_perf_OT: 

Thermal Cycling

eqm_post_TBT_metrology:

NISP Metrology

EQM TRB

eqm_rft_final: NISP 

Reduced Functional Test

act [Package] End to end v erification [VIS Radiometric Calculation]     

VISChannelSpectralResponse: Real

VISChannel_System_NDI: NDI

VIS_PSF: PSF

RadiometricAperture: Integer

SignalInputFlux: Real

SNR: Real

CCD_read_noise: Real

«analysis»

VIS Radiometric Calculation

VISChannelSpectralResponse: Real

VISChannel_System_NDI: NDI

VIS_PSF: PSF

RadiometricAperture: Integer

SignalInputFlux: Real

SNR: Real

CCD_read_noise: Real

:Calculate 

Straylight 

Background

ChannelResponse: Real

ChannelNDI: NDI

out_of_field_straylight_map: Real

in_field_straylight: Real

ReferenceSkyObject

A

CalculateSignalLevel
aperture: Integer

refObject

channel_psf: PSF

signal_flux: Real

S: Real

:Calculate Zodiacal 

level

ChannelSpectralResponse: Real

zod_map: Real

:Calculate VIS SNR

s: Real

background: Real

read_noise: Real

SNR: Real: Real

bdd [Package] NISP Verification Plan [NISP Verification Plan]     

«VerificationPlan»

NISP Verification 

Program

«facility,block»

NISP Facilities

«block»

NISP GSE

«VerificationPlan,b...

NISP DM AIT Campaign
«block,verification...

NISP STM Test 

Campaign

«block,verifi...

NISP EQM Test 

Campaign

+facil ities

gse

sd Activ ity

Mechanical Verification

:Identify external 

constraints

:Calculate 

structure 

response and 

characteristics 

(FEM Model)

:Predict 

mechanical 

env ironment for 

subsystems

plm_stm: 

PLM STM 

Campaign

sv m_stm: 

SVM STM 

Campaign

sc_stm_campaign:

SC STM 

Campaign

fem_update_Poststm:

FEM Update and 

correlation

sc_pftm_testing: 

SC PFM Test 

Campaign

ActivityInitial

ActivityFinal

«testCampaign»

PLM STM Campaign

«testCampaign»

SC STM Campaign

«analysis»

FEM Update and 

correlation

«testCampaign»

SC PFM Test Campaign

«testCampaign»

SVM STM Campaign
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Telescope PSF 

(9 field points, 

4µm sampling)

AOCS PSF 

𝐹𝑊𝐻𝑀𝑦 l, 𝐼 =
𝑎𝐼𝑛𝑡1𝑦 + 𝑏𝐼𝑛𝑡1𝑦 × 𝐼𝑛𝑡

𝑎𝐼𝑛𝑡1𝑦 + 𝑏𝐼𝑛𝑡1𝑦 × 𝐼𝑛𝑡0
× 𝑎𝑙𝑎𝑚𝑏𝑑𝑎1𝑦 × l𝑏𝑙𝑎𝑚𝑏𝑑𝑎1𝑦

𝐹𝑊𝐻𝑀𝑦 l, 𝐼 =
𝑎𝐼𝑛𝑡1𝑦 + 𝑏𝐼𝑛𝑡1𝑦 × 𝐼𝑛𝑡

𝑎𝐼𝑛𝑡1𝑦 + 𝑏𝐼𝑛𝑡1𝑦 × 𝐼𝑛𝑡0
× 𝑎𝑙𝑎𝑚𝑏𝑑𝑎1𝑦 × l𝑏𝑙𝑎𝑚𝑏𝑑𝑎1𝑦

Verification modelling

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

Inputs, products and processing functions maintained in Mission 
Parameters Database
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Behaviour modelling

sd [Package] VIS Linearity Sequence [VIS Linearity Sequence]     

MTL: Science

Operation Center

(from VIS 

Operations)

CASW: CDMU

(from VIS 

Operations)

sc_mmu: MMU

(from VIS 

Operations)

ref VIS Internal

Linearity

Sequences

ref

SC_FGS treatment RSU mov ement

ref

SC_FGS treatment RSU mov ement - close

{0}

{10}

{ < Tint1}

{10 +3+Tint1+78+~300}

RSU_MOVE()

1495s + Tproc (~300s) - 10s

PUS[1,7] TC Execution Completed Success(TC Packet ID, Packet Sequence Control, Error

Code, Number N of parameters to follow, Parameter Values)

PUS[8,1] TC-PERFORM-FUNCTION: Execute Linearity Sequence

(Tint1, Tint2, Tint3, Tint4)

1495s
RSU_END_MOVE()

Science Data Transfer to MMU()

Science Data Transfer to MMU()

RSU_END_MOVE()

Close File()

PUS[8,1] TC-PERFORM-FUNCTION: Set Operations ID

(OpsID)

Science Data Transfer to MMU()

1485 = 1495s - 10s
RSU_MOVE()

Science Data Transfer to MMU()

Open File(FileName)

stm [StateMachine] VIS ROE stm [ROE Classifier Behav iour]     

Flushing

Initial ROE

Iddle

Reading

Command Read

/Stop periodic HK polling()

Command

Flush

Command Read

/Stop periodic HK polling()

Reading Completed

/Start Periodic HK Polling(int)

sd [Package] VIS generic suboperations [VIS Flush]     

:ROE

(from VIS 

Operations)

:VIS ASW

(from VIS 

Operations)

Iddle

(from VIS 

Nominal 

Sequences)

Flushing

(from VIS 

Nominal 

Sequences)

Iddle

(from VIS 

Nominal 

Sequences)«problem»

- What is the process? 

Single Ack()? or Ack and 

reply when flush is 

completed?

«problem»

The SW uses a single address for the 

ROEs (0x11) on its commands. Are 

these multiplexed? Or treated as a 

'single' interface.

=> COMMANDED ONE BY ONE.

Time stamps are generated by the ASW.

An event will be generated at the end of

the flush including de Delta T from all 

12 ROE units

{3}

[ROE_C12] CCDOper(FLUSH)

ROE.[ROE_RW5] Ack and Reply CCD

Operation()
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Operations Modelling

act [activity] Euclid Lifecycle [Euclid Lifecycle]     

Euclid Lifecycle
Beginning

End of Euclid
Life

MIS.PLNC - Pre-
Launch Activities

MIS.LNC - Launch MIS.LEOP - LEOP 
and Critical 
Operations

MIS.TFO - Transfer 
Orbit Phase

MIS.PCO - Platform 
Commissioning

MIS.IPV - 
Instrument 

Performance 
Verification Phase

MIS.NIO - In Orbit 
Operation Phase

MIS.EXOP - 
Extended 

Operations

MIS.DECM - 
Decommissioning

Mission Operational 
model for the 
complete lifecycle.
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act [activity] MIS.IOO.N Nominal Science [MIS.IOO.N Nominal Science]     

End of Nominal
Science Sequence

Start of
Nominal
Science

Sequence

«MissionActivi...
MIS.IOO.N.1.8 

Dither 4 
(Sequence)

MIS.IOO.N.1.2 
Dither 1

«MissionActivi...
MIS.IOO.N.1.6 

Dither 3 
(Sequence)

MIS.IOO.N.1.4 
Dither 2

MIS.IOO.N.1.6 
Dither 3

«MissionActivi...
MIS.IOO.N.1.4 

Dither 2 
(Sequence)

MIS.IOO.N.1.8 
Dither 4

MIS.IOO.N.1.3 
Prepare for Dither 

2

MIS.IOO.N.1.5 
Prepare for Dither 

3

«MissionActivi...
MIS.IOO.N.1.2 

Dither 1 
(Sequence)

MIS.IOO.N.1.7 
Prepare for Dither 

4

MIS.IOO.N.1.1 
Field Slew and Prep

«MissionActivi...
MIS.IOO.N.1.1 

Field Slew and Prep 
(Sequence)

«MissionActivi...
MIS.IOO.N.1.3 

Prepare for Dither 
2 (Sequence)

«MissionActivi...
MIS.IOO.N.1.5 

Prepare for Dither 
3 (Sequence)

«MissionActivi...
MIS.IOO.N.1.7 

Prepare for Dither 
4 (Sequence)

«abstraction»
«Represented

By»

«abstraction»
«Represented

By»

«abstraction»
«Represented

By»

«abstraction»
«Represented

By»

«abstraction»
«Represented

By»

«abstraction»
«Represented

By»

«abstraction»
«Represented

By»

«abstraction»
«Represented

By»

seq [activity] MIS.IOO.N.1.1 Field Slew and Prep [MIS.IOO.N.1.1 Field Slew and Prep]     

MTL TC Dither 1 TC File VIS NISP CASW AASW

I was not able to fit the 
parameters into the 
parameter field within 
this interaction, so had 
to put them down as 
arguments. this seems 
to make no difference 
graphically, but not 
sure how else this 
could impact the 
sequence.

Updated once a 
second.

Not sure how to end 
this fragment of the 
sequence. I want to 
split the dithers and 
dither preps up to 
avoid one giant 
sequence.

I am trying to use the 
interaction use node 
as described by 
Friedenthal et al.

ref

MIS.IOO.N.1.2 Dither 1

61.4
Command FGS in ATM coarse
(Catalogue ID, PEC selection,

Integration time, RLE threshold,
Background, Angular rate, Attitude

quaternion, Acquisition type, Orbital
speed, En-/Disable RTM fallback,

En-/Disable Acquisition Repetition,
En-/Disable Relativistic Aberration

En-/Disable Focal Length
Compensation)

[280.4]
Load DITH_CONFIG_TAB(Dither = 1, Full content of SITH_CONFIG_TAB)

0
TC_PERF_REPOINTING_SCM_L (Target attitude quaternion, FGS PEC Selection, FGS Catalogue ID, FGS parameters)

<1

Wheel Movement(Wheel =
GWA, Movement = OPEN to

DITHER 1)

<1.5
Set CMU parameters

in the data pool in
accordance with the

wheel movement
commanded to the

NISP. Raise flag
indicating start of

wheel movement to
the AOCS()

0.2
Run TC file(File name: "Dither 1")

287.4
Start CCD flushing.()

3

289.4
Suspend use of

FGS. Switch
control to GYRO
only Switch FGS

to external
angular rate.()

[68]
End of CCD readout

for the flat field
exposure at the end
of Dither 4. Start of

data processing and
transfer to MMU()

0
Start of Slew, FGS in SBM()

[280.4]
Transfer dither configuration tables for Dither1 to active DPU's.()

289.4
Start of RSU movement()

<270.5
Set CMU parameters

in the data pool in
accordance with the

wheel movement
commanded to the

NISP. Raise flag
indicating start of

wheel movement to
the AOCS()

2.4

Start Exposure(Exposure = 5 (DARK), No. of resets Droplines 1, Droplines 2,
Submode = Dark)

0.4
Synchronous CMU command(Wheel = GWA, Movement = OPEN to DITHER 1)

75.4
FGS attitude acquisition

completed. FGS data used in the
attitude control loop ()

<270

Wheel Movement(Wheel =
FWA, Movement = CLOSED to

OPEN)

[123.4]
End of dark

exposure. Start of
processing by DPU
and data transfer

to MMU()

2.4
Start of Dark Exposure()

[44]
End of SpW data transfer to MMU for science exposures during Dither 4()

[201.4]
End of data

processing and
MMU transfer for

the dark
exposure.()

287.4
Start sequence "Nominal science()

60.4
End of  RWL-controlled slew.

Start of tranquilisation on MPS()

289.4
Raise RSU flag

in the data
pool to signal

RSU
movement to

the AOCS()

269.4
Synchronous CMU command(WHeel = FWA, Movement = CLOSED to OPEN)

Operations Modelling
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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:

req [package] SciRD [Requirements Dashboard]     

CalCD-A Status

Currently working on integration of model metrics into 

system Management Dashboard
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Views / Communication

Dedicated views created for reviews in HTML, integrating model and the traditional 

document based ESA review process
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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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Thanks!


