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Change Record

Issue | Date Relevant Information
1.0 29/07/21 As presented in the Final Presentation Meeting between ESA/ADS
1.1 30/07/21 Minor update in slide 19 - corrected typo in CDP4 version
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Agenda

3

Objective(s) and work logic

MBSE modelling activities

— Engineering data modelling with CDP4
— System modelling with CAMEO
Requirements justification tracing

Way forward

30/07/2021

European Export Regulation- Regulation: UK Export Control, Export Control Rating Code: 9E001/9A004.b - MBSE Deployment for EnVision Science Mission Study - Final
Presentation - ENVI-PF-ADSS-PS-1001011198 i1.1

AIRBUS



.
S o

-
S a

L )
I

" g

Activity Objectives and Work Logic

DEFENCE AND SPACE

AIRBUS




DEFENCE AND SPACE

Objectives

» Top-level goals:
— Elaborate and maintain a digital architecture model encompassing all equipment and its physical properties
— Create system-level syntheses based on the model and track their evolution as the design is iterated
— Facilitate the exchange and reporting of the physical architecture and system budgets with ESA study team
on a regular basis
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Activities & Deliverables

* Main activities:
— Deployment of the selected Engineering Data Model (EDM) tool
— Definition of the modelling conventions
— Build of a digital architecture of the spacecraft including definition of system-level options of interest (Mass and Power
budgets).
— Explore the opportunity of:

— Modelling of the mission and spacecraft using CAMEO (SysML) starting with linking the Mission Requirements
Document (MRD) to the definition of the Concept of Operations, from which a functional architecture is decomposed,
creating a traceability matrix between elements.

— Tracing the justification of the design to the mission performance requirements

» Deliverables:
— Modelling conventions report
— System Budget Reports (Mass and Power)
— Provision of a dashboard (together with the associated engineering data) to allow to see the evolution of the parameters.
— Provision of the inputs for the Mission Design Description and Autonomy Concept extracted from CAMEO.
— Requirement traceability matrix linking performance requirements to the design justification documents
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Work Logic

* The core of the activity duration was about 10 months
 The work has been structured in two main tasks:

1. MBSE coordination and support
- aiming at coordinating the deployment of the selected tools, training and supporting the EnVision team

2. MBSE modelling
- aiming at making use of MBSE for the functional and physical description of the EnVision mission and spacecratft.
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Engineering Data Modelling (EDM) Tool Selection

e Two tools were identified to be tested and benchmarked for the EDM tool.

o CDP4
— Developed by RHEA System and deployed on Airbus UK premisesin its open source Community Edition version.
— Current version deployedis IME is 5.1.1.0.
— RHEA and ESA have announced they would merge CDP4 with ESA’s Open Concurrent Design Tool (OCDT), with which it shares a
similar data modelbased on ECSS-E-TM-10-25. The new tool is named COMET
o Shadox
— Developedinternally by ArianeGroup, and deployedwithin ArianeGroup in Phase 0 projects and up to Ariane 6 production programme.
— Provides powerful, browser-based, Python-integrated system that address most of the shortcomings of the CDP family and improves
team collaboration.

» Despite an early engagementwith the different stakeholders, the deployment of the Shadox tool encountered issues with the network
connectivity of Airbus DS, which together with current firewall/security governance policies, did not allow for a timely deployment of the tool.
o Due to resource and schedule impacts, the decisionwas made to proceedwith CDP4 instead.

» Corporate IT firewall/security policy restrictions and network configuration issues can prove to be the main bottleneckin the deployment of

tools. The introduction of such tools requires the adoption of a long-term strategy togetherwith the allocation of significant resources.
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Introduction to CDP4

e Current IME version deployed is the 5.1.1.0 Community Edition (open source). The respective github is located at
https://github.com/RHEAGROUP/COMET-IME-Community-Edition

 CDP4 implements a central database, which users can connect to via an API. Typically, this is done via the furnished Integrated
Modelling Environment (IME) stand-alone application or Excel Add-in, which every team member in a project should have access
to. As the server deploys an API, any tool can in principle be connected to it.

* Inthe EnVision deployment, the focus was on integrating the Product Tree, Mass Budget and Power Budget.

» As it was not possible to deploy Shadox, no formal benchmark was performed.
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DEFENCE AND SPACE 4 [@ EnVision Mission
& Ground Segment : Ground Segment

Product Tree b @ Launch Segment : Launch Segment
[+ [% Mission Phases : Mission Phases
4 R Space Segment : Space Segment
% Ground Support Equipment : Ground Support Equipment

4 [ Spacecraft: Spacecraft

« The CDP4 Data Modelis the ECSS-E-TM-10-25, which is 4 @ Payload: Payload

defined based on building blocks called Element Definitions b- @ RSEUSO: Radio Science Experiment Ultra Stability Oscillator
(ye”ow para"e|epiped)_ When an Element Definitionis used b @ Subsurface Radar System MN : Subsurface Radar System Matching Network
to define another Element Definition. it is an Element Usage b [ Subsurface Radar System RDS : Subsurface Radar System Receiver and Digital Subsystem
I llelenined with : . fE] b @ Subsurface Radar System TX : Subsurface Radar System Transmitter

(ye ow parall€lepipe witha gear)' Aseries of Element b @B Synthetic Aperture Radar : Synthetic Aperture Radar
Usages can be used to define a pI‘Od ucttree, with one b [ VenSpec Central Control Unit : VenSpec Central Control Unit
elementbeing defined as top-element (in this case EnVision b @ VenSpec-H:VenSpec-H
Mission). Elements can also contain parameters (orange b~ B VenSpec-M: VenSpec-M

b @ VenSpec-U:VenSpec-U
Sphere)' g product (D

- % Platform : Platform
* In CDP4,the ProductTree s at the heart of the model and b [ Attitude Orbit Control System : Attitude Orbit Control System
allows us a quick and demonstrative visualisation of its b & Communications : Communications
. b @ Data Handling System : Data Handling System
current state. All elements down to Equipmentand all
_ ) [ [ Harness:Harness

paramete s can be Vlsuahsed- [+ [% Instrument Mechanisms : Instrument Mechanisms

b @ Power: Power

« In orderto supportfuture work in managing the Mission E % Propulsion : Propulsion
Structure : Structu
Producttree, the ProductID parameter has beenadded to e e
i [+ [.:g'; Thermal Control ; Thermal Control

all relevant Elementsin the Product Tree. @ product ID

Q product 1D

a ballistic coefficient
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Equipment modelling

14

These parameters support the formulation of various system budgets, such as:
— the mass budget, making use of:
— mass, understood as Current Best Estimate in Kg
— mass margin, with value 5%, 10% or 20% according to the equipment’s
maturity category.
— number of items

4 power dissipated while on
— power budget, making use of: @ oN
— power while on, which is marked as state-dependent on the Power Levels
state list @ OTHER T
— number of items %1 OTHER2
— thermal budget, making use of: f‘ﬁl OTHER 3
— power while on | OTHER 4
— power dissipated while on, which is kept blank if it is the same as power y power while on
while on but otherwise made state-dependent on the Power Levels state list.
— number of items @ ON
— max and min op/non-op temperatures @ CTHER 1
Power while on and power dissipated while on are marked as state-dependent "F| OTHER2
parameters, with states defined in Power Levels state list. This list is taken from i"ﬁ] OTHER 3
the standard Airbus power budget (ON, OTHER_1, OTHER_ 2, OTHER_3, @ OTHER 4
OTHER_4). preduct ID
supplier
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Modelling in use: Mass Budget

« The Community Edition Excel interface does not generate a worksheet fit for the needs of a detailed Mass Budget via the use of
Pivot Tables. A Python script has been created that runs in Excel, takes the data and manipulates it into the format traditionally
used, breaking down the masses per subsystem and including the mass margin.

Subscription of all mass, mass
marginand number of items
parameters on all equipment

definitions by the Systems domain
using the CDP4 batch tool.

Mass data input by Domain Experts

Compilation of data for processing
via the CDP4 Excel Add-in

on CDP4

Mass Budget generator python
script, unpacking the data and Final processing with Excel,

creating new parameter fields design extracting the data into the ESA-
maturity margin (kg) and total mass Airbus agreed format.
(ka)
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Modelling in use: Mass Budget

Baseline 1 Baseline 2
CBEMass | DMM | Total Mass | CBE Mass | DMM | Total Mass A Change Comments
(Ke) (Ke) (Ke) (Ke) (Ke) (Ke)
AOCS 45.4 2.4 47.7 45.4 2.4 47.7 0.0
Communications 57.5 11.4 68.9 57.5 11.4 68.9 0.0
Data Handling 26.0 2.6 28.6 26.0 2.6 28.6 0.0
Mechanisms 8.8 1.8 10.6 12.1 24 14.5 3.9 |SRS entry corrected
Propulsion 103.2 10.2 113.4 91.4 9.0 100.4 -13.0
Power 1039 | 171 1211 1124 | 188 131.2 10, |increase for SAFEmode
battery
Structures 2518 | 504 | 3021 2783 | 523 3306 | 284 |BrOWthinstructure, addition
of flaps and balance mass
Thermal 74.4 14.9 89.3 81.9 16.4 98.3 9.0 [increase inthermal H/W
58.6

DRY TOTAL (incl. System Margin)

1249.3

1291.8

Subsytem Mass Evolution

Thermal
Structures
Power
Propulsion
Mechanisms
Data Handling
Communications

AOQCS

0.

=}
u
I
o

100.0 150.0 200.0 250.0
Mass in KG

Mass Budget evolution across two temporally-separated baselines.
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Modelling in use: Power Budget

» The Power Budget is a simpler import/export. Domain Experts can upload the parameter values under their responsibility on the
IME. These are then downloaded by the Power and/or System Engineer directly onto the existing Power Budget Excel workbook,
in its inputs sheet.

& Transponder : Transponder

-

.;:;/-.

6000000

mass
mass margin

maximum non-cperational...
maximum operational tem...
minimum non-cperational...
minimum operational tem...
number of items

power dissipated while on

power while on

1 oN

o] OTHER1

] OTHER2

7] OTHER32

] OTHER4
Q product ID

G supplier

The power parameter power while on can be used to parametrise the

4 [kg]
20 [%]
- [°Cl
- [*C]
- [°Cl
- [°Cl
2[]

0 [w]
12.5 [W]
30 W]
425 [W]
0 [W]

Ka_¥_band_asmbly...
TRSP.m
TR5P.mass_margin
TRSP.T_nonop_max
TRSP.T_oper_max
TRSP.T_ncnop_min
TRSP.T_oper_min
TR5P.n_iterns
TRSP.P_diss
TRSP.P_on
TRSP.P_on\ON
TRSP.P_on\OTHER_1
TRSP.P_or\COTHER_2
TRSP.P_on\CTHER_3
TRSP.P_on\CTHER_4
TRSP.Prod_ID
TRSP.supplier

COM
COM
COM
COM
COM
COM
COM
COM
COM
COM
COM
COM
COM
COM
COM
COM
COM

power levels in different power modes. For simplicity, the already existing
power modes were used (ON, OTHER 1, OTHER 2, OTHER 3).

17  30/07/2021

- o~ o] =T
. Maturity e = E E E E
Equipment Assessment = o E E E E
(8] (8] &) o
Comms Subsystem
X & Ka-Band Transponder 1 Minor Modification 0.0 1 12.5 1 300 425
X & Ka-Band Transponder 2 Minor Modification 0.0 :TRSP.P_onhOTHERJ 425
Ka Band TWTA Minor Maodification 0.0 16.0 2000 | 750 1375
X Band TWTA Minor Modification | 0.0 62 120097 22227 900

The values are imported into the existing Power Budget Excel tool by making use of its inputs
worksheet and connecting it via the use of cell names generated by CDP4 IME
(=TRSP.P_on\OTHER_1 inthe example highlighted).
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Engineering Data Modelling with CDP4 — Return of Experience

 The EDM tool provides a consistent and reliable single source of truth. While every Domain Expert can contribute, the System
Engineer maintains control over what actually goes into a design baseline(s) and what is rejected by appropriate functionality
within the tool. A System Engineer can also go further in defining appropriate system options, each with a corresponding design
baseline.

» The benefits of the EDM approach were demonstrated by the fact that forcing a harmonised product tree across Product Tree,
Mass Budget and Power Budget lead to the discovery of discrepancies between as delivered by CDP4 and as delivered on the
previous Excel-only tool.

By forcing a consistent structure transversal to all tools and workbooks, CDP4 can help the project teams
maintain a common system baseline that everyone can refer to and use to quickly catch inconsistencies across
the design.

» Overall, CDP4 excels in moments when the design is undergoing fast iteration, such as when a milestone review leads to
changes in mission requirements and subsequently to S/C design. In this situation, CDP4 supports team collaboration by
offering a single source of truth the team can work around and contribute to . Nevertheless, CDP4 lacks Functional and
Logical architecting capabilities when compared to SysML-like tools and methodologies. Investment in both models can be
rewarding, with SysML-like tools offering a more complete architectural view, while CDP4-like tools offer teams more

18 zbé i gropean Export Regulation- Regulation: UK Export Control, Export Control Rating Code: 9E001/9A004.b - MBSE Deployment for EnVision Science Mission Study - Final
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Engineering Data Modelling with CDP4 - Return of Experience

°

19

The CDP4 IME 5.1.1.0 version that was tested does not take special provisions in the handling of mass parameters (as OCDT did), and

hence a workaround had to be implemented

— Workaround implies taking manual subscriptions on relevant parameters (mass, mass margin, number of items, total mass) and then
processing this with a Python script running from within Excel. This script delivers a finalized Mass Budgettable.

— In orderto take the subscriptions, it is necessaryto use the BatchEditor, a command line tool made available by RHEA.

— As scripting and command line tool are necessary,the CDP4 IME 5.1.1.0 is suboptimal with regards to facilitating its use by new
personnel.

As access to data from previous iterations is not straight-forward, trend analysis has in practice to be performed by storing historical data on
Excel and running the analysis there.

Power budget
— Current Excel workbook is already configured to acceptinputs easily. Airbus simply linked its inputs sheet onto the CDP4 generated
worksheets.

NOTE: As mentioned, ESA and RHEA have merged their tools into COMET, although this appears to be largely based on CDP4. COMET
IME is now on version 8.0.0 (version number continued from CDP4). This more recent version promises simpler budgeting and trend
analysis functionality directly on the tool.
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- MBSE system modelling

o~ with CAMEO

[ =
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System Modelling with CAMEQO

 For EnVision the mission and operations concept designs have been asys%m-—»@
developed adopting the MBSE approach using the NoMagic Cameo System
Modeller environment (https ://www.3ds.com/products-services/catia/prod ucts/no-

ESAMRD ADS TN-A1-2

magic/cameo-systems-modeler/).

« The ESA requirements, defined in the Mission Requirement Document
(MRD), were imported into Cameo, from there the Mission Architecture and T
the Operational Architecture were developed and exported to Word T e —f Oiecives | 1 fi ' '

documents.

executed by

ranslated into
comprised by

« The Airbus MOFL design methodology has been applied to define the
Mission Architecture and the Operational Architecture. MOFL represent the T e e DI_;‘*D‘T

| Design

conceptual approach to designing space missions from Mission design, to
Operational design, Functional and Logical design.
» The methodology follows these sequential steps:

each having

executing

— At each MOFL level: identification of needs defined as Capabilities e e
T
— Capabilities are engineered into concepts and architectures | ol _{ o Grnen | 8240 | fFuncinat emariours | "o :
— From the architectures requirements are defined, or as inthe case of "=~~~ """~~~ ~=~~~7 "~
EnVision, mission and operational requirements have been traced to the LE shoset (T Eampareria) 0 5ecte_{I g
‘e |

mission and operational architectures.
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Model exploration

 The model based approach enables a rigorous design justification traceability throughout the whole design.
« Cameo provides very powerful design tools allowing to “explore” the design from different views.

e In this view we can check how the mission
concept has been translated into mission
phases, then engineered into operational
phases and operational tasks.

» This is effectively an “Operational view” of the
mission.

e In this view we can check how the mission
objectives have been translated into mission
capabilities, then engineered into operational
capabilities.

e Further, we can see how such operational
capabilities have been allocated to operational
tasks.

22 30/07/2021
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Design and requirements traceability

* In the model it's possible to establish clear flow down from
the Mission Capabilities to the Mission level requirements
(Level 1 - Mission)

# [  Name Text | Allocated From
e
It shall be possible to reconstruct the sdence orbit exduding superior corunction (a posteriori, at the end of the mission) with an accuracy of 200m (3 sigma) per axis {€) MC30 Ground Segment
57 [ r-MIs-0GS-0850
There shall be a dedicated single dedicated sdence operation centre run by ESA for centralized initial sdence data processing and storage. {€) 130 Ground Segment
58 [® r-m1s-0Gs-0890
Raw data products: carrier frequency sampling {€) MC30 Ground Segment
= [P R-is-0GS-0900 The mission shal return the received carrier frequency at the receiving ground station recorded in dlosed-oop mode with a sampling of 1 per 10 seconds in both X-band
and Ka band downlinks as well as the transmitted uplink carrier frequency at the transmitting ground station. Accuracy on the measurements of the carrier frequency at
the ground station is required to be 0.003 mmjs @10s Doppler count time. This is the Ground FTS contribution allocation to the Doppler noise budget.
Enable radio occultation campaign: 2 signals recording & conversion rates {€) MC30 Ground Segment
The two one-way radio signals shal be recorded in open loop mode at the following A/D conversion rates:
E5A European Space Tracking (ESTRACK):
60 [ r-MIS-0G5-0305 (i) 100,000 samples/second if no atmespheric predict is available for the steering of the local ground station osillator;
(i) of the order of 5000 samples/second if the local oscilator can be steered by an atmospheric predict during occultation ingress and egress;
The two one-way signals shall also be recorded in dosed-oop at 10 samples/second and serve as verification data.
The mission design shall ensure there is no critical spacecraft operations (e.g., any main engine boost maneuvers, or planetary swing-by) while the Sun-Earth-Spacecraft {€) MC20 Ground Segment
Angle is smaller than 10 degrees (TBC) .
@ B R-vis-OPs-0095 Mote 1: This applies to mission phases that are critical for the integrity of the S/C or in which the impossibility to perform certain manosuvres could lead to the end of the
mission. Examples : planetary swing by, orbitinsertion. This does not apply to Aerobraking phase for which a spedific requirementis putin place (R-MIS-AEB-0170) .
Note 2 : This means that during these periods, no scence data is acquired and the payload is on standby
Mote 3: This requirement does not apply for science operations phase for which a specific requirement is put in place (R-MIS-OPS-0098).
The mission shall not require any ground communication below S-E-V angles of 5 deq during Superior Solar Conjunction and 1 deg (TBC) during Inferior Solar Comjunction, {€) MC24 Autonomy in Conjunction
for nominal and contingency cases.
&2 [ R-MIs-0PS-0098 Note 1: At 5 deg around superior conjunction, the accuracy of the tracking data, and thus the accuracy of erbit reconstruction and prediction, is already degraded by a
factor of about 2-3 depending on solar activity, and below 5 deg this factor increases steeply.,
Note 2: At inferior conjunction, when 1 deg < S-E-V < 2 deg, a degradation of 3d5 in G/T must be considered, leading to a downlink data rate reduced by half.
Safee and Survival Mode Logic {€) MC23 Survivability
In case of conditions preventing the spacecraft to reach a stable Safe Mode where permanently guaranteed up- and downlink commurication with Ground using ESTRACK
@ [P R-vIS-0PE-0105 35m stations is possible from the spacecraft perspective, the spacecraft shall stay in Survival Mode.
Note 1: Survival mode indudes the cases where the spacecraft cannot converge to a wel known 3-axis stabilised attitude, or in case of multiple FDIR triggering leading to
repeated Safe Mode entries.
Mote 2: This requirement will be superseded by the OIRD in phase B1 (requirement SFM-003)
Survival Mode with 35m antennas {€) MC25 Survivability
In Survival Mode, the spacecraft shall provide at least a carrier signal detectable by ESTRACK 35m stations such that recovery operations can be initiated.
64 [[® r-MIS-0PS-0107 Note: This requirement will be superseded by the OIRD in phase B1 {requirement SFM-022)
Survival Mode with 70m antennas or equivalent <€) MC23 Survivability
= ] revis-Ops-0108 In Survival Mode, the spacecraft shall be able to transmit the ritical event log at least via DSN 70m stations or equivalent.
Note: The acceptability of the critical event log transmission duration must be agreed with ESA.
The EnVision mission operations shal be file-based. {€) 11C2 1 Mission Management
66 [ r-ms-0Ps-0110
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* In the model it's possible to establish clear flow down from

the Operational

requirements (Level 1 - Ops)

Capabilities to the Operational

s [a1d] Name Refines Refined by Requirement Allocation
(€ MCz5 Fall-operational Recovery @ 017 Failure Monitoring (context Envisid
{€) 1MC26 Failure Isolation @ 021 System Reset{context Envision 5,
10 jocio {& Anomaly Management (&) MC27 Critical Redundancy @ 0235/C Recovery
@ MC28 Survivability @ 018 Failure Isolation{context EnVision
@ 024 Check Timeline validity (context B
€ 1MC2 Venus Aerobraking @ 011 0rbital Control Manoeuvre (cont= [ L 1-50RD-73 R-EVS-ACS-0160 []
1 joc1 {© Trapectory control & correction ) MC1 Interplanetary travel @ 025 Main Engine Manoeuvre(context |
{€) 1MC25 Launch
€ MC2 Venus Aerobraking @ 03 Slew(context Envision 5/C) [ L 1-50RD-66 R-5Y5-ACS-0010 []
m L1-50RD-57 R-5Y5-ACS-0035 []
7 [ L 1-50RD-70 RGY5-ACS-0125 []
€ 1MC3 Radar Altimetry [ L 1-50RD-71 R-5Y5-ACS-0130 ]
12 |ociz {© Manouevrabiity {€) MCS NIR mapping [l L 1-50RD-73 R-5YS-ACS-0160 [|
€ MC11Radiometry Observations [T L 1-50RD-75 R-5YS-AEB-0040 ]
{€) MC12 Cloud Observations [ L 1-50RD-53 R-SYSPTG-0020 []
@ MC13 H2504 Observations m L1-50RD-34 R-5YSPTG-0030 []
{©) MC 14 Gravity Field Observations [ L 1-50RD-55 REVSPTG-0040 [)
{€) MC2 Venus Aerobraking @ 09 Atmosphere Crossing(context Envi| [R] L 1-50RD-75 R-5YS-AEB-0010 ]
@ 013 AEB Timeline Adaptation(contesct [T L1-50RD-36 R-5YS-AEB-0140 []
@ 014 Timeline Adaptation(contest Env m L1-50RD-76 R-SYS-AEB-0020 []
13 |0C13 ® Perform adaptive aerobraking passes @ 01 Execute Timeline(context Envision m L1-50RD-79 R-5YS-AEB-0050 []
@ 020 Apagee Estimation(context Envisi [T L1-50RD-77 R-5Y5-AEB-0030 [1
@ 025 AEB Calibration(context EnVision
@ 027 Transition(context Envision 5/C)
14 locs @ Aerobreking contingency management {€) MC2 Vienus Aerobraking @ 019 AFB Corridor Monitoring(context || [ L 1-50RD-81 R-SYS-AEB-0070 ]
m L1-50RD-85 R-5Y5-AEB-0130 [
{€) MC2 Vienus Aerobraking @ 021 System Reset(cont=xt Envision 5[] L 1-50RD-53 R-SYS-AEB-0090 []
(&) MC25 Fail-operational Recovery @ 022 Safe Atmosphere Crossing(conte=| [ L 1-50RD-34 R-5YS-AEB-0120 ]
15 |oC15 {€) Anomaly Management during Aerobraking | {€) MC2 Failure Isclation @ 0235/CRecovery
{€) MC27 Critical Redundancy @ 017 Failure Monitoring (context EnVisic|
{©) MCza Survivability @ 015 Failure Isolation {contesxt Envision
{€) MC14 Gravity Field Observations @ 02 Data Transmission{con text EnVisio| [T/ L 1-50RD-52 R-COM-TECH-030 [
16 |oc16 {8 Support Ground Ranging [l L 1-50RD-53 RCOM-TECH-043 ]
[/ L 1-50RD-49 G-COM-TECH-210 []
{€) MC5 Radar Imagery WenSAR measurement(context £\ [[] L 1-50RD-66 R-5YS-ACS-0010 [1
{©) MCE Radar Altimetry [ L 1-50RD-54 R-MIS-55G-0190 []
m L1-50RD-56 R-MIS-SOP-0125 []
17 [oci7| {©) 5AR Operations [®] L 1-50RD-57 R-MIS-55G-0100 []

&% MC% NTR manninn

[ L 1-50RD-54 R-5YSPTG-0030 [
[ L 1-50RD-55 R-MIS-55G-0120 []
[H] L 1-50RD-55 R-MIS-55G-0110 []
@ 015 VenSPRC meas rement(contest Frl T8 1500070 R-SYS-ACSN125 11
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MBSE system modelling with CAMEO - return of experience

The Airbus MBSE MOFL methodology provides a robust approach to design a mission from its objectives

The MBSE approach adds a richer, multi-dimensional and integrated perspective to system design

Design justification and traceability is a major asset of the MBSE approach

The MBSE approach might encounter some resistance as a number of engineering disciplines have not been exposed to
model thinking

The CAMEO tool might incur in an adoption barrier as is based on SysML modelling but Airbus developed formal
methodology and guidelines to facilitate the adoption

Overall summary

24

MBSE application for EnVision: the overall impact and effectiveness has been positive as it allowed a strong design-to-
requirements approach. Moreover it establishes a solid basis for digital continuity to bring forward and build upon in the
study next phases.

Specific and focused training should be considered for future phases.
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DEFENCE AND SPACE

Documentation vs information data

» Should we reconsider the role of Documentation in engineering
practices?
» What needs Documentation was/is addressing?
— Divulgement of information
— Stakeholder communication
— Capture of information
— -etc. etc.

* Documentation is a vehicle for managing information
 There needs to be a shift from documentation to information
data whilst keeping the end objective of disseminating

information

e This pivots around the concept of having a single central
documentation source of truth

Computer scientist Margaret Hamilton
with the Apollo guidance software she and
her team developed at MIT - 1969
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MRD Justification Traceability

<=

Domain X
Analysis TN

DomainY
Analysis TN
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Before Paper based trail.
Traceability is via
referencing at document
level only. Laborious to

MRD maintain and use.
y
Mission
Performance -
Analysis TN — T~ ——> other
N
/// \\\
\ N\
\ AN
AN
| \ -
| AN Domain n
‘\ N Analysis TN
|
N
Domain Z
Analysis TN
\"\.\_ Domain Z.z
> Analysis TN
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Information DB.

All relevant documentation
is transferred to a DOORS
database structure. Every
textual information
becomes anindexed DB
objectthat can be linked
upstream or downstream.
Establish robust linking
down to relevant chapters
(hence preserving

context). Analysis X

module

S

Analysis Y
module

Chapter C

Web browser export.
The MRD module can be
exported as HTML giving
a user browsing platform
throughout the entire
DOORS structure.

Analysis Z
module

Chapter B

Analysis
Z.z module

Chapter D



Documentation tree

o Structure the project documentation (in
DOORS) in accordance with the
following objectives (or aims):

o Hierarchy: keeping it aligned with the
study logic, from mission to system to
sub-systems

o Consistency: keeping it as aligned as
possible with WBS and PT

o Incremental: plan for “organic” grow
in future phases

| The system Engine asks wi Requirements
continuously present in Phase A but
| will be operated in a sprint format. l
|
! WP 1120
! Mission
| Architecture.
| Definition
\ WP 1150
Preliminary
I Programmati
! WP 1130 WP 1140
| System Options Support to
| Trade-off and Definition of
| Baseline Selection| | Payload Interfaces
|
|
|
|
v

WP 1310-1350

NASA’s Updated
Datapack

‘WP 1210
Spacecraft Design
a

WP 1220

Design,
Development and
Verification Plan

WP 1240
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[ Documents ]

P B

0 — Mission
1 - System
2 — Subsystems
2.1 - DHS
2.2 -A0CS
2.3-TT&C
2.4 — Thermal
2.5 — Structure
2.6 — Power

p
2.7 — Propulsion
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Documentation mapping against requirements

Once most documentation is in DOORS then links
and dependencies can be established between
‘Documentation Tree” and “Requirements Tree”

[ Requirements ]

LO — MRD/SSRD ]

g

L1 -SSRS ]

r

L2 — Subsystem Req Specs }

-
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0 — Mission

1 - System

- M5 EnVision

| =3 Documents
-—-{ 2 — Subsystems ) ! ij' 0 - Mission
03 1-Seen
| 22-A0CS - 2.2- AOCS
p—— SR S S 3 23-TTC
2.3-TT&C P {0 2.4 - Themal
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Requirement Justification Tracing
—

9.1.1 Science phase duration

ESA Ref

ESA-ENVIS-EST-RS-001 A

ﬁ]ecﬂype | C

Justification tracing level 1

19 (LEVEL 0) SCIENCE PERFORMANCE REQUIREMENTS

P~
-

9.1 Science observation requirements

Heading

[8D

ESA Ref: R-MIS-PER-0010

9.1.1 Science phase duration 7z

R-MIS-PER-0010

he nominal sdencephase shall cover 6 Venus oyc]

Headin D
Headin D

ESA-MRD Level0O

Wmal science phase shall cover @ Venus cycles.

R-MIS-PER-0025

ROI-R

confidence level.

19.1.2 Regions of Interest

R-MIS-PER-0420

[Targeted observations for change detection

lgreater than 35 deg (TBC).

langles of 29 degree can be assumed.

R-MIS-PER-0427

[Targeted observations over two cycles

apart.

langles of at least 24 and 29 degree can be assumed.

Requirement |[TBD Mission Performance Analysis Mission Analysis Recommendations Report
ENVI-ENVI-ADSS-RP-1000722855 Issue 1.1 EN VI-SYS-ADSS-RP-1000654802 Issue 1.1 ] . - . . .
(Chapter 4.1 Lifetime Requirements (Chapter 9 Delta-V Budgets ! This object is linked to:
==
IAOCS and GNC Analysis Report . . .
ENVI-PF-ADSS-RP-1000718237 Issue 1.0 = Lifetime Requirements
IChapter 5.7 Impulse Budget for AOCS (MIS-PER-RP-365 )(I'ﬂ)
Overlap requirement for repeated radar imagery (stereoSAR), for a given  [Requirement [TBD Mission Performance Analysis Science Operations Implementation Report
ENVI-ENVI-ADSS-RP-1000722855 Issue 1.1 ENVI-PF-ADSS-RP-1000718251 Issue 1.0
For a given ROI-R for which targeted STEREO observations are required, the IChapter 4.2 SAR Viewing Geometry Requirements [Chapter 5.3.1 Targeted Observations
imission design shall allow two observations constituting a stereo pair to
loverlap over at least 90% of their respectiveswath, with a 95% (2 sigma) 4. 1
Note : The identified contributors to the overlap error are : Lifetime Requlrements Alrb US = MISS IO n
[The along track error (driven by the uncertainty on orbit phasepredidion)
IThe across-track error (dominated by thealtitude uncertaintyand its effect This object is linked to: f I H
lon the predicted SAR timing parameters resulting in ashifted swath). =l Per Orl I lance Ana ySIS
Both_ are domlnatedA by the_ o_n-orbtt timinguncertainty justifying the The nominal science phase shall caver 6 Venus cycles
requirement on orbit prediction at lower level (R-MIS-OGS-0850) and the (MRD-314)(OUT) N
Inecessity to take into account a reduction in the available SAR observation (MBD-312) =l
duration (e.g. 11sfor a 1225 SAR observation) wit standard SAR observation Eﬁ .
duration for the2nd observation, in the Stereo SAR coverage assessment Delta-V Budgets
( N13198 (IN)
e Impulse Budget for AOCS
EadilE JIBD) v [R-MIS-PER-0010[The nominal science phase shall cover at least 4 Venus sideral days (2 ] Earth years) |
Requirement [TBD Mission Performance Analysis IScience Operations Implementation Report G-MIS-PER-0015|Th tended e hould ot at loast 6 Vi rdereal davs (4 Earth Ve
IThe Envision mission shal enable at least two repeated SAR 30m resolution EN VI-ENVI-ADSS-RP-1000722855 Issue 1.1 ENVI-PF-ADSS-RP-1000718251 Issue 1.0 62 [The extended science phase should cover at least § Venus sidereal days cars)
standard observations of the “type A’ regions (type Aare regions of interest IChapter 4.3 Coverage and observabilityof ROI-R  [Chapter 5.3.1 Targeted Observations R B R R R R
lfor geological activity as per [RD-01]) imaged in standard SAR as per R-MIS- regions This requirement on the duration of the science phase(s) will result. primarily. in sizing the required consumables (propellant) as appropriate.
PER-0022. Therepeated observations shall be acquired with the same
incidence angleand direction, and shall cover at least 2% of the Venus Secondary implications are the assessment of the degradation of equipment and hardware (eg Solar Arrays) for the correct EOL.
surface. Each pixel across the swath shall be imaged with the ssme
lincidence anglefor the two repeated observations, within 1/15th of the
lelevation beamwidth, with a 68% confidence level, and with incidence angle]
Note 1: The measurementperformance is specified in thefollowing
requirements: R-MIS-PER-1020for standard 30m resolution SAR. . .
Note 2: For the purpose of mission performance assessment, inddence 5.7 Implﬂse BudgEt for AOCS Alrb US - AOCS and
This object is linked to: G NC A I H R
, - : E— ‘ = nalysis Report
Requirement [TBD Mission Performance Analysis IScience Operations Implementation Report E o .
[The Envision mission shall enable SAR standard imagery to be obtained at a ENVI-ENVI-ADSS-RP-1000722855 Issue 1.1 ENVI-PF-ADSS-RP-1000718251 Issue 1.0 Lifetime Regulremems
second viewing angle optimized for creating stereo digital elevation models, (Chapter 4.3 Coverage and observabilityof ROI-R  [Chapter 5.3.1 Targeted Observations (MIS-PER-RP-365)(0OUT)
over the areas imaged for R-MIS-PER-002 2. Both stereo images shall be regions : :
icollected in the same look direction. Each pixel across the swath shall be
imaged at two different incidence angles which mustbe at least 5 degrees The impulse budget for AOCS becomes a very relevant input to the svstem
L - architecture trade-off since the total mass of the spacecraft is a key driver The results
Note 1: For the purpose of mission performance assessment, inddence . N - N
presented below correspond to the Chemical + Aerobraking option and the impulse
Note 2: The measurementperformance is specified in thefollowing budgets for the other options have been scaled or adapted when relevant (e.g
requirement R-MIS-PER-1020 for standard 30m resolution SAR. disturbance torque for the main engine compensation removed from full EP option).
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The estimated impulse cost computation can be broken down in several major
contributions,
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DEFENCE AND SPACE

Requirements justification tracing — return of experience

* An information database tool can provide an effective traceability between requirements and design documents.
« DOORS v9.6 has been used to investigate such an approach:
o Strengths
— Relatively quick way to establish links from requirement baseline DOORS module to design DOORS modules
— Links are embedded in DOORS modules so traceability is kept automatically and support further iterations
— Simple scripts allow generation of top-level justification traceability matrices
— Can use HTML extract features to attempt very crude browse ability of design
0 Weaknesses
— DOORS is quite arigid tool and conversion of design docs into DOORS modules required lot of manual intervention
— DOORS is not the best environment to digitally capture and document design. Some overheads appear when asking
team to switch from Word to DOORS.
— DOORS lacks modern graphical visualisation and HTML export was a poor attempt at giving reviewers a more modern
way to navigate through documents and verify requirements
— CAMEO was investigated to have these added graphical navigation features but quickly realised CAMEO use as a
traceability and document navigator was extremely inefficient
Overall Summary:
A more promising strategy/ tool suite for performing this activity will be needed and therefore this is considered a lower
priority in terms of operational deployment within the Envision study.
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DEFENCE AND SPACE

Way Forward

« EDM
— The EDM tool enables the use of a consistent structure across the project domains, allowing to control and publish
common system baselines that everyone can refer to and use to quickly detect inconsistencies.
— The CDP4 IME 5.1.1.0 version can address the basic needs as an EDM tool for Phase A/B1 activities - capturing of
physical properties, controlling changes to the common baseline, deriving mass and power budgets
— The use of the CDP4 tool will be phased out by Q2.2022 with the internal SEDB (Engineering Database + System
Design Editor and Mission and Scenario Editor as interfaces to edit the data relative to the design/mission).

« MBSE MOFL (Cameo)
— The Airbus MBSE MOFL methodology provides a robust approach to design a mission from its objectives
— Continuation of the on-going activity to progress from the current Operational Architecture to the Functional Architecture
thus allowing a robust derivation of functional requirements for the Spacecraft Technical Specification
— Connection of MBSE MOFL to EDM will start being operational Q2.2022 enlarging the global MBSE consistency

* Requirements Justification Tracing
— An information database tool provides a more effective traceability between requirements and design documents.
— A suitable tool suite will need to be identified as the DOORS tool imposes significant inefficiencies.
— This has been identified as a new use case in the digitalisation strategy (therefore is not planned to be available on time

for Envision Phase Bl)
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DEFENCE AND SPACE

Way Forward

Airbus objective is to progressively integrate MBSE methods in an integrated digital ecosystem covering:
— From system architecture (MOFL) to system design, including geometrical aspects, trajectory and attitude and
connection towards system simulation
— From requirements to V&V definition and realization
— EDM (also named SEDB for System Engineering Data Base) is a core element ensuring data continuity and allowing re-
use and Product Line approach

— This environment will be developed step by step and delivered to studies when available.

— As such Envision project could benefit from additional digital MBSE developments during the course of the program.
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