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Merging collaborative engineering and generative design.
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Objectives

e Define user requirements and validation scenarios

* Develop a beta version of the COMET® based on the updated E-TM-10-25,
and of the Simcenter Studio tool, that is suitable to be used in a Generative
Concurrent Designh environment

* Validation of the GCD software, the combination of COMET® and Simcenter
Studio, by means of 6 distinct use cases

* Primarily intended to be used in Phases 0/A = Early concept exploration
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Generative Concurrent Design

COMET®IME and Excel Add-in

“The proposed technology development is

the combination of the RHEA COMET® & —=(@OMET [x§
collaborative engineering capability and the /
generative design capability of Siemens’

° ™ ° ”
Simcenter Studlo.' | g @ :
“The proposed tooling will be able to N REST API St AP
automatically generate and evaluate system COMET® server \

variants that will allow a team to focus on
those design alternatives that are most
promising.”

E-TM-10-25
Annex C.2

Simcenter™ Studio Infrastructure
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Objectives

Merging collaborative engineering and generative design.
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GCD-COMET
Plugin
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User System COMET

Requirements Requirements
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E-TM-10-25
& Dx
Language

Jates
WP3.2 WP4.2 — WP8 WP9

Validation Architecture Dx GCD
Scenarios & SW Design Updates Dx

Updates

Development Phase

WP10 WP11 WP12 WP13
Subsystem Level System Level SoS Level Evaluation &
Use Cases Use Cases Use Cases Roadmap

Qualification Phase
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Partners
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User Requirements
CONOPS & Use Cases
Validation

Language Update & Mapping
Simcenter Studio Updates

Interface between Studio &
E-TM-10-25
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Analysis

Requirements, Use Cases & CONOPS
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Requirements Elicitation/User Requirements — Process

Conduct Define Use Cases
User Workshop & derive CONOPS

Identify Introduce Define list of
CEFO users COMET/DX basics guestions

Follow-on '§ Document )

interviews in SSS
~_ .~

‘ Collect results &
derive requirements

Prepare & distribute
questionnaire
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Requirements Elicitation/User Requirements - URD & CONOPS

User Requirements:

e

_"""'--x.x\?\\ e Level of integration between COMET & DX

{‘ |; ;| ,:'
O T 7/ * Responsibilities for the different steps & hierarchy levels
\\ haireg | A ‘x/
N\ e Diagramming and result visualization, user experience &
interactions
‘\\\ f// .
Concept of Operations
.\- ,/'/

* Work flow and use cases of the tool-chain in typical

P— environment (e.g. CDF / CEFO)
CONOPS

I\
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40
30
20

Requirements Elicitation/User Requirements — Questions/Statistics

Total number of User Requirements: 162
SpeC|f|cs per GCD function:

Requirements modelling - required functions & expressions
*  Design Capture - information types, 10-25 concepts, representation & sync
*  Exchange - ownership, merging, publication
. Generation -> setup, execution, representation, selection
*  Simulation - tools, execution
*  Solution Space Analysis - visualization, filtering, comparison / scoring, selection
*  Transfer - 10-25 model update / creation
*  Reporting -> setup, data selection, export

Number of Requirements per Category

General Design Diagram UX Exchange Requirements Generation Simulation Analysis Transfer Reporting  Environment  Validation

Capture . .
H High ® Medium ™ Low
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CONOPS — Overview & Steps

Step 0: Problem Space Abstraction
Workspaces: White-board sketches, round
table discussion, informal representations, etc.
Step 1: Design Space Capture

Workspaces: Elements Definition and

A L. ) Abstract Define Generate Simulate Select
Architecture Definition windows

1
Q
:

=
Step 2: Design Space Generation = @ g B
. ; [ — =) | T 11
KVo;lffpcz(ces.ISoLver seturE) wll(ndpvcsi/, @ <u(,::’) — @j DE'ES B3 1] ‘}
rchitecture Instances check window — == %\%' l;, -_I_
Step 3: Simulation and Evaluation I
Workspaces: DST simulation setup window, ‘
Excel spreadsheet, scripting environment, etc. ; ‘
ht 3

Step 4: Solution Space Analysis
Workspaces: Simcenter Studio Discover

Step 5: Transfer I
Workspaces: Transfer check window
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Differences: Traditional CD / Generative CD

Design Space vs. Timeline

Concept Space
. e Exploration
Requirements Risk to redesign ! /

/ Design to produce
. 9

@, Design to produce -

b TN e | Fo~C"1 .

— 5 ° @ — 5 & \ @

Optimal Product

. Design Space
Desighs Product
Concepts & Exploration
—— Phase 0/A | Phase B/C | — Phase 0/A —|— Phase B/C _I’ Less time to market
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Use Cases

Validation based on use cases defined for different hierarchy levels

ID Test Case Use Case

#1 Subsystem Test Case #1 UCH1: Avionics & Electrical Architecture
(reduced to Avionics S/S)

#2 Subsystem Test Case #2 UC#2: Propulsion Architecture (EP vs. CP)
(reduced to Propulsion S/S)

#3 System Test Case #1 UC#3: Data Return / COM Architecture

#4 System Test Case #2 UCH4: Configuration & Assembly

#5 System of System Test Case #1 UCH#5: Earth Observation Optical System - Mission
Architecture & Orbit selection

#H6 System of System Test Case #2 UCH6: Copernicus Next Generation Architecture

5% |\\
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Use Cases — Example: UCH#1 Avionics Subsystem

Baseline
* Multiple architectures possible on payload interface s
level or data handling level (e.g., SMU vs OBC + MMU) Fe T
* Unit selection based on hardware matrix to represent Yoy J |
architectures with components from different supplier

MIL-STD-1553b Bus-A - Payload

 Typical DH subsystem requirements
allow to cross-check with architecture

e e.g., The total mass, including all margins
of the DHS shall not exceed 28 kg.

e Parameters are given based on

evaluation criteria and key interest to
conclude trade-off

MIL-STD-1553b Bus-B - Platform I

from PCDU

Platform  Payload

-

5% |\\
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Requirements Derivation/Software Requirements - Process

Derive Requirements .
RHEA Establish Traces

Establish Roundtrip
Establish Baseline Import into EA Export/Import Process

Verify Generate

Traceability SRS

Between Excel/EA

Derive Requirements .
SISW Establish Traces

% . N

©2022 RHEA Group | Public | Generative Concurrent Design — Final Presentation August 23, 2022

RHERA



Software Requirements

Software Requirements:

* Functional and non-functional requirements of the
individual tools and the tool-chain as a whole

* Traces back to each User Requirement

* Priority:
\ ) * High — absolutely needs to be implemented
N * Medium — implementation after high priority requirements

* Low — nice to have, will only be implemented if effort allows
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Software Requirements

GCD-FSR-0011

The software must persist Architecture Definition diagrams together with the
EngineeringModel.

GCD-GUR-0040; GCD-GUR-0010;

Depends GCD-ISR-0010;

‘: ) On
__—/ Priority High
GCD-GUR-0010 GCD-GUR-0040
- - GCD-ISR-0010
P: High P: High -
- P: High
\ V: | Inspection v Test —
. Iy s

e
“trace> [“trace> - “depends on>

Software Requirements L z
Specification G.CD .FSR.OO]_ 1
P: High

5% '\\
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Software Requirements - Statistics

* Total number of Software Requirements: 214 derived from 165 (3 more than at SSS based on
feedback) user requirements.

* High: 145 Functional: 140
e Medium: 47 Non-functional: 74
* Low: 22

160
140

Number of User Requirements per

120

Category 100
40 80 B Medium
30 ) o
B H Low
1 I H Hig
0 H B m = - [ 20
-
2 & Q, (\\g 0 Y — Sy [ S——
Qj‘ N (\ > \} & \(‘ &
N @ 2 & & & /z> SN .
& (/Q,Q ' oérz, (</+g,(\ \&6‘ (\zﬁ .\&& & <@ Q,QO _’\0(\ 'z}\b ‘.000 ’5@ &(\ ) (\’b\ ,bc,@ «\(}’J ‘.&\o(\
S S & 9 T N 3 Q & © & 3> 2
Q Q¢ <& S Q & & & &
Q & & N & R
&
C
B High B Medium ™ Low
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Requirements Tracing

EA Model
D4A-GCD-SRS-TMATRIX (Excel and PNG)

ID GCD-FSR-0011
The software must persist Architecture Definition diagrams together with the

Statement
EngineeringModel.
GCD-GUR-0040; GCD-GUR-0010;

5SS Trace

GCD-ISR-0010;

Depends
High
GCD-GUR-0010 GCD-GUR-0040
. - GCD-ISR-0010
P: | High P: | High -
- P High
V: | Inspection v I Test 4
L Pk
Strace> [strace> - “depends on>
s
GCD-FSR-0011
I | High

Generative Concurrent Design — Final Presentation

©2022 RHEA Group | Public

August 23, 2022




Architecture
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Architecture - Process

Derive Architecture RHEA Establish Traces
o . Establish Traces Verify Produce
Model Existing Establish TS Traceability | M2 & SDD
Derive Architecture SISW Establish Traces
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Architecture — Deployment

deployment Deployment

CDP4 Server User Node
Web Browser g}
CDP4 WebServices E-TM-10-25 Annex C.2 & CDP4 Extensions CDP4 IME CDP4 Excel Addin
N dows | o
: N
| (fromcOP4) (from CDP4) A
I
|
1
1
I
|
| 1
1
T
]
I
I
; |
' |
E-TM-10-25 Annex C.2 & CDP4 Extensions studio API HTTP
aflown aflow aflow
.

|
I
| Simcenter Studio Server
I
I
I
|

R E——

v

Simcenter Studio

(from Architecture}
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Software Architecture Updates (SDD) — Data Model

« No direct updates to E-TM-10-25 due to lengthy process
« Updates carried out as COMET Master model extensions for fast prototyping
« Resulting in COMET Master Model version 1.3 = Can eventually be transferred to E-TM-10-25

— e ey ] [ 7
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Simcenter™ Studio Language Updates

D15 Generative Concurrent Design — Simcenter Studio Language Updates

Maintain traceability to E-TM-10-25: Metadata (UUID)
Other:
Comments [GCD-FSR-0650], [0651], [3650]

Metadata for files, scoring [0690], [2628], [2629] Hﬁﬁﬁ

Specific syntax additions for managing new COMET services

P TaTTE
+meladata: dictionary [1]
+ comment: slrlng [

5% '\\
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COMET?® - Simcenter™ Studio Language Mapping

D16 Generative Concurrent Design E-TM-10-25 Dx Language Mapping

Parameter Type

Dimensions:  {1: 2}
number of items

Compaonents:
Coordinates  Short Name
lower bound
number of items

{13
{1:2} upper bound

]

Ui O

component: :com CModule:
properties:
multiplicity = 6..2
[ CModule

4
4[] Multiplicity
S lower bound

Ej)  upper bound

5Y5
5YS
5Y5
5YS
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Development
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Software Project Development Lifecycle
User Story Lifecycle

Sprint Planning

The work on the story/engineering task has not

Open
. ‘ ‘ started yet
Eeckiog Rednemient SRADERCEO The user story/engineering task is under
In Progress : )
implementation.
The user story/ engineering task has been
Under developed and has passed automatic unit testing,
e ey Review integration testing and end2end testing and is ready
for peer review.
The user story has been successfully implemented,
Closed v y 1imp

reviewed so it is closed

Release Sprint Retrospective

7 ' o
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Software Development Environment

« COMET SDK/IME/WebServices related features included directly on RHEA
Group Github and maintained as part of normal development cycle

e Continuous integration and code quality control through Appveyor and
Sonarcloud

* Logonto https://github.com/RHEAGROUP/ to find the source code

 GCD Specific COMET Plugin proprietary development and available in the
future as part of the Enterprise Edition

 GCD Specific Studio development proprietary

5% | N
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COMET Features = Diagramming

Cotecson
System Enginaering (5V5)

csiom Dnssrument Calection)
Payiond Fayiosd)

retierment » Spsce Mssion (Space_Mission)
e Segmens (Space. Segment)

%, «<DiagramFrame. » Undelined Ceject undetined)

. DiagramDtyect» » Total spacecrafl mass (REQ-004)

2.

Dvsign  View

Pt
Croate

B tement Getnncn,

ooy ¢

2 Requiemen
Porsancmserisces

- o nonetice

- L o

& Eement Ussge

. ey Retcrsi
Corstars
® forcna

Ogtionat

@ oo

SimgieCigects

. Simpie Connector

R L1

Constraints —
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COMET Features = Behaviours

e Describe the dynamic nature of <o
an Element Definition o e i .
* Specific scripting languages qee o o

can be directly used —— =

* Behavioural models defined - :
in binary files (i.e. external =
scripts, simulation files, o

Name ShortName Extension

Excel sheets) are also b it :
supported e

5% |\\
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COMET Features = Requirement Verification & Reporting

. Added support for option-dependent verification

. Custom Requirement Verification Report

Requirements, teration. 1 . x
G-aBu 7o cde Editor # X | Report Designer
Model  GCD Suetne Dote Sourex [R——— R et Requirements Overview
. using System;
oo fem R using System.Collections. Generic;
Domain Of Expertie: stem oo 1551 using System.Data;
| short Name Name Detmutcn Owner Name using System.Ling;
- S using System.Text; r
o [ wss Misson Requreme. System Engineering e e
Launcher compatib... The mission shall b... System Engineering using COP4Reporting.DataColle q b
Mission launch date  The mission shall b ineening using COMeporting. Purasst
r using CDP&Reporting.Utilities; i
. Payload Recureme. System Engineering . pecification / Group / Req
Q010 Payload total mass  The spacecraft payl.. System Engineening using (OP&Common.EngineeringModelData; REQ sm
PR s S e i Taaie using CDP4Common . SiteDirectoryData;
4 AOGNC ADGNC Reguirerme. Attitude and Orbit detng. CORMCamhan: Helpers Mission Requirements
- AOGNC-010 Attitude Control ML The ADCS should c... Attitude and Orbit. using l‘:gzd:equxrwn: s\;el A:l(dl Azn.v i =] MIS-020 Mission launch date The mission shall be launched between 2023 and 2025
4 (P Pwametrc Constraints Parametric Constral using CDP4RequirementsVerification. Verifiers; 3
« B ookpky2 33 [] MIS-010 Launcher compatibility The mission shall be compatible with a launch from Ariane 6.2
2% mutiphcty 2 3,3 multiphcity 33 ati - ' Launcher.
+ 11 comms Communications R System Engineenng System Requirements
4 COM-001 Antenna Diametes  The maximum ante.. Communications sss Variables
4 (P PoameticConstmaints  Parametric Constra, [ Isys-010 Platform total mass The spacecraft platform total mass shall not exceed 800 kg
«a e =3 '“]‘ 1 sYs-020 Total spacecraft mass The total spacecraft mass shall not exceed 1200 kg.
as3im dameter 3 y
4 Data Handling Req Data-Handling thar Getives h o g Payload Requirements
4 % DHOW Marimum OBC Po... The masimum OBC... Data-Handling -
2 9 Pecamenic Constraves [=] REQ-010 Payload total mass The spacecraft payload total mass shall not exceed 200 kg
MyDatasource : IterationDependentDataCol lector
Subsystem Requirements
power 2 ys! eq
4% DHGD OBCResabiity  The reiabilty of h... Data-Handling ¢ st chict AOGNC Requirements
. P < Constr Parametric Constr t a wic/ExpandoDbject -
g iore g O e ’ [v] AOGNC-010  Attitude Control Minimum The ADCS should consist of at least 3 Reaction Wheels.
4 B2 (retabilty > 95%) Requirements
©% rehodiity > 95% ety 9
+ [ wRop Propulsion Requre Proputsion . ; R Power Requirements
By i g U ] public override b i [2] PWR-020 Solar Array TRL The Solar Arrays used in the spacecraft shall be TRL 9.
4 (P Puametrc Constraints  Parametric Constra. ’
4 @ (m>a00m var requiresentsspecifications « [=] PWR-010 Power Performance The Electrical Power System (EPS) shall provide electrical
@% ™ 400N theust 00 this. Iteration.RequirementsSpecification; power to satisfy all power supply load requirements during all
o o el o var groups = requirementsSpecifications.Select(x «> x.Group); mission phases.
var requirements = requirementsSpecifications.SelectMany(x =>
mse Systom Racurerne System Englneering x.Requirement) .Whare(x => Ix.IsDeprecated).Distinct().Tolist(); * Data Handling Requirements
4 @ sson Pltform total mass  The spacecraftplat__System Engineering -
4 [P Paametric Consaints Porametric Constrl LR [*] DH-010 2:"::)“;":’ 3"9‘3 Power The maximum OBC power consumption shall be below 25 W.
4 3 (m>0kg) AND (m < 800, Eors. | Output Pt
PR (m > 0 kg) AND (m. ; o [v] DH-020 OBC Reliability The reliability of the Onboard Computer shall be higher than
e oo : e o5
% m<800kg mass a0 Propulsion Requirements
. SYs-020 Total spacecraft ma... The total spacecrat... System Engineering
4 B9 Parametsic Constsnts Pt Casera v PROP-010 Minimum thrust The thrust required for the myn engine used for the chemical
propulsion system shall be higher than 400 N
4 8 (mass.cry 5 1200 kg) AND.
+ @ ano (mass_dry 5 1200k ‘Communications Requirements
0% mass dey £ 1200kg  cry mass 1200 The
- maximum antenna diameter that can be accommodated on
© mas oy >0k dymass o (LCOMD0Y Aniecon Dismeter the S/C shall be smaler than 3 m
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COMET Features > GCD Plugin

* New plugin to establish acel
code generation/
transformation from
E-TM-10-25 and direct
transfer to Studio.

* Rudimentary acel code
error checking

* Code preview before
transfer

5% | N
RHEA
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Home Reference Data View Model Directory

B =/ @8 # | K

Reguirements Builtin Rules

<4 W &

Scripting

EN - [

Element Product | Diagram Options = Finite  Relationships Rules Publications  Domain Relationship Reporting  GCD = Grapher = Parameter to
Definitions~  Tree~ Editor~ - States~ - Verification~ - File Store~ Matrix > - - - State Mapper >
‘ Generative Concurrent Design, iteration_1 T X "3 Preview = a0 @
Model:  GCD Satellite Data-Source: https://ged.cdp4.org/ 1 %acel clear .
Iteration: 1 Person: Paloma Maestro Redondo 2
Domain Of Expertise: System Engineering [SYS] 3 system Space_Mission: E
4 owns:
5 Ground_Segment
This is an experimental version of the GCD plugin. Not for production use! 6 Space_Segment
7 metadata:
~ 8 uuid = "6eba5bf0-ec03-4e59-a3ed-b7a0098caf77"
Studio Host Address: | http://34.243.97.46/ 9 engineeringModelUuid = "275ea483-d28d-4141-a491-efdicffe6770"
10 iterationUuid = "1dedf993-f5d0-4d0f-9577-824af38c3782"
Username: paloma-redondo 1 domainOfExpertiseUuid = "8790fe02-d1fa-42ea-9520-e0ddacs52f1ad”
12
API Key: e 12 collection Ground_Segment:
14 properties:
Acel File Name: ged_satellite_iteration_1_20220204T162659.acel 15 selectionsize = 3
16 owns:
| Transfer 17 GS_Malargue
18 GS_NewNorcia
Output Log: 19 GS_Cebreros
20 metadata:
16:39:36 | [Info] [ Add black B
1030 : ll"f‘” : Addf"g e “cf i e 21 uuid = "3f524b7e-fAfb-4aa3-a6do-af5a2c0061d1"
:39:36 | [Info] ing 2 components of Instrumen 2 selectionsizeluid = "ef8886e3-bf5b-43d8-a5d9-dad7ba2e5F15"
16:39:36 | [Info] | Adding component block Instrument A 23
16:39:36 | [Info] | Adding 2 components of Instrument A 24 cemponent GS_Malargue:
16:39:36 | [Info] | Adding component block Payload Power Bus 25 ports:
16:39:36 | [Info] | Adding 4 components of Payload Power Bus 26 ie::TTC TTCL
16:39:36 | [Info] | Adding component block Payload Data Bus 27 mstadata. . .
16:39:36 | [Info] | Adding 4 components of Payload Data Bus 2 uuid = %@AGlEBe—AFS&ABAa—alhﬁ—@AddeBbd?dl .
. 29 TTC1: wuid = "220a9d54-b685-4aff-9447-d85F83c48108
16:39:36 | [Info] | Adding 37 connections o
16:39:36 | [Info] | Finished transformation. 31 component GS_NewNorcia:
16:40:26 | [Info] | Initializing transfer 32 ports:
16:40:26 | [Info] | Creating HTTP client m 33 ie::TTC TTCL
16:40:27 | [Info] | Finished transfer. |E 34 .
16:40:27 | [Info] | Successfully transferred file to Studio - o = 17An00E30 2900 AAED 0001 A00T ArnAsat
] » Cancel
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Home Reference Data View Model Directory Reguirements Builtin Rules Scripting
\ » . & - » = =
d o[ @ |8 & L 8| [
| 3] < 1 g il, L.ﬂ w {f;l \_=/ S (I 'J 1
Element Product | Diagram Options | Finite Relationships Rules Publications ~ Domain  Relationship Reporting | GCD | Grapher = Parameter to
Definitions~ | Tree~ | Editor~ - States~ - Verification~ - File Store~ Matrix = - - - State Mapper~
Generative Concurrent Design, iteration_1 * X || <5 preview o [
Model:  GCD Satellite Data-Source: https://gcd.cdp4.org/ 1 %acel clear .
Iteration: 1 Person: Paloma Maestro Redondo 2 |
Domain Of Expertise: System Engineering [SYS] 3 system Space_Mission:
4 owns:
5 Ground_Segment
This is an experimental version of the GCD plugin. Not for production use! 6 Space_Segment
7 metadata:
. . 8 uuid = "6eba5bf@-ec@3-4e59-a3ed-b7a0098cAfT7T"
SIS e s 9 engineeringtodelUuid = "275ead83-d28d-4141-2491-efdicFfes770"
10 iterationUuid = "1de4f993-f5d@-4def-9577-824af38c3782"
Username: 11 domainOfExpertiseluid = "8790fe92-d1fa-42ea-9520-ebddac52F1ad”
12
APl Key: 13 collection Ground_Segment:
§ 14 properties:
Acel File Name: 15 selectionsize = 3
— 16 owns:
17 GS_Malargue
18 GS_NewNorcia
Output Log: 19 GS Cebreros -

16131351 | (INTO] | AGAING 3 COMPONENTs of
Instrument_Collection
16:31:51 | [Info] | Adding component block Instrument C Type El—— Message
16:31:51 | [Info] | Adding 2 components of Instrument C
16:31:51 | [Info] | Adding component block Instrument B
16:31:51 | [Info] | Adding 2 components of Instrument B
16:31:51 | [Info] | Adding component block Instrument A
16:31:51 | [Info] | Adding 2 components of Instrument A
16:31:51 | [Info] | Adding component block Payload Power Bus

[

[

[

[

[

- The COMET Engineering Model has some el t would prevent it from bei ectively utilized in Simcenter Studio!

» Error Onboard Computer 1 Malfermed multiplicity value in Onboard Computer 1.

Error Onboard Computer 1 Ports in component of type Onboard Computer 1 have repeating names. This is not accepted in Studio.

16:31:51 | [Info] | Adding 4 components of Payload Power Bus
16:31:51 | [Info] | Adding component block Payload Data Bus
16:31:51 | [Info] | Adding 4 components of Payload Data Bus
16:31:51 | [Info] | Adding 37 connections

16:31:51 | [Info] | Finished transformation. =

5% |\\

©2022 RHEA Group | Public | Generative Concurrent Design — Final Presentation August 23, 2022

RHERA




Simcenter Studio
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Simcenter Studio Features = Transfer of the Model

Coupling between Studio and COMET server: first example

Definition of an %acel model
The code cell below explicitly includes the %acel model exported from COMET IME
Nacel

systen Sstellite:

ouns:
aocs

: vuid
mass: vuid =

conponent Battery:
ports: :group 1

I\
RHEA
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Coupling between Studio and COMET server: first example

Name - Last Madtied

& comEmien,

Import %acel model exported from COMET-IME

This natebaok sarts with a simgle mmport.

£ intamal

Spacs_Mission
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Simcenter Studio Features = Architecture Generation

Architecture & Simulation &
configuration generation ~ postprocessing

Mission design & Attribute balancing &

Subsystem definition,
i solution selection

objective asset library

Creating ensembles...
. done in @.988seconds.
- 1448 total ensembles
. Instantiating ensembles...
. 19.58% instantiated in 10.818 seconds
.. 38.96% instantiated in 20.852 seconds
++ 57.99% instantisted in 30.882 seconds
.. 77.22% instantiated in 46.1 seconds
++ 94,38% instantisted in 50.116 seconds
... 126.00% instantiated in 53.888 seconds
- 1448 ensembles
. done in 62.849 seconds, maximum tree width = @, maximum multiplicity = 1.

Creating architectures...

Satellite
|

@ unique architectures
@ unique architectures
1 unique architectures
8 unigue architectures

in
in
in
in

14,360
28.900
49,766
51.644

seconds
seconds
seconds
seconds

Iy

i

©2022 RHEA Group
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- 240 unique architectures in 529,881 seconds
. time limit reached.
. done in 536.383 seconds.

Done: Spacecraft -

- 1440 Ensembles

- 243 Architectures

- 960 Iterations

- @ Unconnected Solutions

- 717 Symmetric Solutions

- 536.382 " Total ConnectionSolving

- 192.428 " SAT Solving

- 35.588 " Filtering

- 2.822 " Data Interpretation

- @.e@@ " File IO

- 1782.9 MB Memory Usage

acel.lib.displayArchitectures(architectures)




Simcenter Studio Features = Notebooks

©2022 RHEA Group

Create tabular overview of architectures

names = []
architectureComponents = {}

# dictionary of non-trivial categories
for comp in acel.Spacecraft.components:
if comp.multiplicity[e][e] != comp.multiplicity[e][1]:
componentShortName = comp.name #'°.join([n[@] for n in comp.name.split(”_")]) # turns, e.g., "Platform Remote_Terminal_Unit_Baseline” in "PRTUB"
architectureComponents [componentShorthans] = [@]*len(architectures)

# count number of non-trivial components per architecture
for k, architecture in enumerate(architectures):
names. append(architecture. architecture.name)
for comp in architecture.architecture.components:
componentshortiame = comp.derived.derived.name #°".join([n[@] for n in comp.derived.derived.name.split(" ")])
if componentShortName in architectureComponents:
architectureComponents|componentshortiiame][k] += 1

import pandas as pd
archdata = pd.DataFrame(architectureComponents, names)
archdata

Onboard_Computer_FPGA Onboard_Computer_3 Remote_Terminal_Unit_1 Remote_Terminal_Unit_5 Remote_Terminal Unit_4 Remote_Terminal_Unit 3 Platform_Remote_Terminal_Unit_Baseline

1 0 1 ] ] [ 0
at
=2018- 1 0 1 ] ] 0 0
az
<2018 1 0 1 o o 0 0
a3
<2018 1 0 1 o o 0 0
ad
e224- 1 0 1 0 0 0 0
al
e16368- 1 o 0 o 1 0 o
ad
e16597- 1 o 0 o 1 0 o
at
e16597- 1 0 0 o 1 0 o
a2
e16597- 1 0 0 o 1 0 o
a2
e16597- 1 0 0 o 1 0 o
ad

243 rows x 21 columns

Public | Generative Concurrent Design — Final Presentation



Simcenter Studio Features =2

e Collaborative tradeoff and ranking

* Own likes/dislikes vs. other's input

SCS Discover

GCD/python

[A] Notebook

Upload file Examples Running instances

sportscar_HEV.csv Users

Instance  connected
Rows: 1559

Columns: 13 a6
Size: 236 K8

Tryit

Simeenter Studio Applications

I\
RHEA

©2022 RHEA Group | Public | Generative Concurr

Design — Final Presentation

Discover/Multi-user Scoring

fuel_cons NEDC

acceleration

Detai

2 configurations selected

2154311

gy W -
Record number
877
architecture
15431_a1
combination
i2ms0_33
acceleration
1069802331
fuel_cons NEDC
24877120705
category
Series - 2WD
engine
2415 cylinders
‘motors
SOkW, 33kW

fuel_cons HWFET
3.0158267730000003

fuel_cons_US06
4280078895

fuel_eons WLTC

Top 3 Designs

Search:
Design

1319151

1319181

13780_a1

10043_a1

1522181

1675781

8917_a1

10043_a1

10043_a1

2 3 4 5 26

Export ranked designs.

aR0
200

~ B
od
on

-3 -0 =%
ed od od
ep| ool =0

— 2]
ed
oD

-5 =&
ad o8
ool oD

=-B
od
L)

Next




Simcenter Studio Features = Transfer back

i3 - ¥
4 [ Onboard Computel SYS Model:  GCD UC1 Avionics  Data-Source: hitps://ged.cdpd.org/
I & Onboard Computer 1 sYs Iteration: 1 Person: Paloma Maestro Redondo
I [&  Onboard Computer 2 svs Option:  2163321-al Domain Of Expertise: System Engineering [SYS]
I [ Onboard Computer 3 SYS Name
> [ Onboard Computer ARM SYS

|Options, iteration_1 X I [ Onboard Computer Baseline 6= SYS 4 [ Spacecraft

@ . ‘? Q 4 [ Onboard Computer FPGA @ SYs b L'_z‘; Payload Module : Payload Madule
[#1] mass 5YS 4 [, Platform Module : Platform Module
Model: GCD UCT Avionics Data-Source: https://ged.cdpd.orgf []  mass margin SYS 10 [ analogue : DT_ANALOGUE
Iteration: 1 Person: Paloma Maestro Redondo 4 |1 mutiplicity SYS % analogue2 : DT_ANALOGUE
Domain Of Expertise: System Engineering [SYS] 4 i Option 1 SYS I & Attitude and Orbit Control Subsystem : Attitude and Orbit Control Subsystem
! SYS 0 I~ [ Chemical Propulsion Subsystem : Chemical Propulsion Subsystem
plam Ehorilame v u SYS ! I [ Communications Subsystem : Communications Subsystem
Option 1 option_1 - 4 ad e168331-a1 32 ; 4 [, Data Handling Subsystem : Data Handling Subsystem
2168331-a1 2168331-a1 oS 1 4 [ Onboard Computer]| Cnboard Computer Collection
£169531-a7 £169531-a7 Svs [ Onboard Computer FPGA : Onboard Computer FPGA
sys 1 b @ selectionsize
5YS q I+ & Platform RTU Collection : Platform RTU Collection
Iﬂ peak consumed power SYS - Q mass
|1 processor SYS FPGA |3 O selectionsize
[#1] reliability sys 99 I [ Electrical Power Subsystem : Electrical Power Subsystem
[ TRL SYsS 6
4 || selectionsize SYS
S| svs 1
S ou SYS 1
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Validation
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Test Case Definition

ID Test Case Use Case
#1 Subsystem Test Case #1 UC#1: Avionics & Electrical Architecture
(reduced to Avionics S/S)
#2 Subsystem Test Case #2 UC#2: Propulsion Architecture (EP vs. CP)
(reduced to Propulsion S/S)
#3 System Test Case #1 UC#3: Data Return / COM Architecture
#4 System Test Case #2 UC#4: Configuration & Assembly
#5 System of System Test Case #1 UC#5: Earth Observation Optical System - Mission Architecture &

Orbit selection

H6 System of System Test Case #2 UC#6: Copernicus Next Generation Architecture

5% |\\

©2022 RHEA Group | Public | Generative Concurrent Design — Final Presentation August 23, 2022

RHERA



Test Setup

E-TM-10-25 Server
e GCD specific RDL, test case Engineering Models and Catalogue

Multiple instances of COMET IME for concurrent work

Simcenter Studio Server
* One/Multiple users for generative aspects

Modelling level of detail reduced to the necessary to support validation
* For un-supported DSTs: replacement with equations/scripts with reduced fidelity
* All functions tested at least in one test for each level (S/S, Sys, SoS)

5% | N
RHEA
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Use Case Example: UCH1 Avionics Subsystem Use Case

Baseline
Multiple architectures possible on payload interface =1
level or data handling level (e.g., SMU vs OBC + MMU) Fe F
Unit selection based on hardware matrix to represent ﬁJ

architectures with components from different supplier

 Typical DH subsystem requirements
allow to cross-check with architecture

e e.g., The total mass, including all margins
of the DHS shall not exceed 28 kg.

e Parameters are given based on
evaluation criteria and key interest to
conclude trade-off

MIL-STD-1553b Bus-A - Payload

MIL-STD-1553b Bus-B - Platform I

from PCOU

Platform  Payload

-

5% | N
RHEA
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Use Case Example: UC#1 Avionics Subsyste

=

5% | N
RHEA
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Use Case Example: UCH#3 Data Return/Com Architecture System
Use Case

Daily downlink potential and daily data production
500.0 2.00

e Data return trade-off based on =
science observation profile

and communication step
profile

e Analysis performed for
different variables w2 SAa— =
* HGA diameter 2.2m to 3.0m Saws o e

* TWTA RF power 110W to 190W Co e e

MM Usage

 Communication slot duration 4h :
to 7h z,
* |nvestigate impact on Mass

r

Memory :

1]
15.06.2035 01.01.2036 19.07.2036 04.02.2037 23.08.2037 11.03.2038

5% | N
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Use Case Example: UCH#3 Data Return/Com Architecture System

Total

Total Mass
with margin

|High Gain Antenna HGA Diameter [m]
1 5% 260 | 260 273 22
1 5% 8.0 280 294 24
1 5% 300 | 300 315 26
i 5% | 320 | 320 336 28
1 5% 34D | 340 357 30
X/Ka | XKA_TRSP 2 20% 40 80 96
XTWTA | xTwra F] 5% 25 50 53
Ka TWTA | Ka_TWTA RF power [W]
z 20% 21 az 50 110
2 20% 22 aa 53 130
2 20% 23 46 55 150
2 20% 24 a8 58 170
2 20% 25 5.0 6.0 180
Low Gain Antenna | LGA z 5% 1 20 F
X RFON | X_RFON 1 20% B 3 72
| Ka_WG 1 20% 7 7 3.4
MM Mass Memory [Tbits]
1 208 | 135 | 135 162 2
1 20% | 150 | 150 180 ]
1 0% | 180 | 180 216 8
1 0% | 240 | 230 288 16
On-board Computer [ OBC 1 20% 80 80 96
Remote Terminal Unit | RTU 1 20% | 150 | 150 180
COM slot. [ com_siot “duration [h]
1 NA [ WA N/A /A
1 N | WA N/A 1)
1 N/A N/A N/A N/A
1 NAA | N/A NIA /A
1 NA | WA N/A /A
1 NA | WA NfA /A
1 N/A N/A N/A N/A
Basic Eclipse Basic_E 1 NA | WA N/A [}
Basic Non Eclipse Basic_NE 1 NA | WA N/A /A
1 Eclipse intermediate_i_E i NA | WA N/A /A
1 NoEclipse | intermediate I NE | 1 NA | WA N/A NFA
2 Edipse Intermediate 2 E 1 WA | WA N/A A 150
Intermediate 2 No-Eclipse 2_ME 1 N/A N/A N/A N/A 175
Max Eclipse Max E 1 NA | WA N/A /A 325
[Max No-Eclipse Max_NE 1 NA | WA N/A /A 350

©2022 RHEA Group
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COM_sot
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<<ElementDefinition>>

0
X/Ka Transponder
oa_rse

Porometers

<<ElementDefinition>>
0

Mass Memory

My

Parameters

<<lementDefinition>>
0

Ka TWTA
o TWIA

Porometers

<<FlementDefindion>>
0

X RFON

X won

<cElementDefinition>>
o

Low Gain Antenna

<cElementDefinition>>

o
High Gain Antenna

XKA_TRSP

Payload LSS
N

.

.

<>




Use Case Example: UC #5 EO Mission Architecture & Orbit
Selection Use Case

e Trade-off for Mission Architecture (Space & Ground Segment) incl. Orbit
selection

* Objective: find the optimal solution for full-earth coverage with a certain
resolution & repetition time and minimal GS usage

e Orbit: SSO with different altitudes

* Space Segment:
* one big vs. Several identical small satellites (constellation)
e variants on Instrument design
* Variants on Communication Subsystem (incl. EDRS for big S/C)

Ground Segment: different ground stations incl. Available Communication
Bands

5% | N
RHEA
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Use Case Example: UC #5 EO Mission Architecture & Orbit
Selection Use Case

@ EO Mission
Q altitude - [m] [‘::Li
& ground resolution - [m] o o
Q Inclination - [rad] = —
Q orbit type SSO . ‘
& ratio - [9] & -E*;M" | _ ‘«»Jw
& revisit time - [d] = [T e e
b [ Earth:Earth Lt
b [ EDRS:EDRS et
b [ Groundstation Coll...
b @ Spacecraft big : Sp... . [ e
b (@ Spacecraft small:S... = S
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Use Case Outcomes

5% |\\

RHERA

System Requirements validated based on 3 system level use cases:
subsystem, system and system of systems.

One of each used to validate the requirements on all levels + 1 extra usecase
per level modeled and provided as part of the deliverables.

Results also used to improve the software during the study.

Process used to define the methodology necessary to perform GCD.

©2022 RHEA Group | Public | Generative Concurrent Design — Final Presentation August 23, 2022
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Software Validation
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Validation Metrics

SSS contains 165 Req.

136 C
11 PC
18 NC 140
0 N/A

120
- All NC and PC have .
associated RFW or RFD
documented in the SValR 80
deliverable.

&0

40

20

]
High Medium Low
HC mPC mNC

I\
RHERA
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CEFO Workshop
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CEFO Workshop

Dates: 7t-8% June

In person in Bremen

5 People from OHB side, RHEA & Siemens present
1 Person from ESA

Initial training for new COMET features & Studio shall be part of workshop

Access for externals to OHB Servers (COMET & Simcenter Studio) through
dedicated laptops --> direct collaboration of every participant

Extension of Use Case 3 with additional subsystem aspects
Propulsion, Thermal, Power, Structure, Mission, Programmatics

5% |\\
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CEFO Workshop Modelling

Extension to UC3:
5 subsystems + ground system

12 fundamental architectures
16,800 configurations

4 [@ CEFO Mission
& cost

I & Ground Segment : Ground Segment

4 [ Space Segment : Space Segment
@ mass launch total
[ Launch Adapter : Launch Adapter
[ Port_Link : Port_Link
4 [ Spacecraft: Spacecraft
0 dry mass
@ dry mass including system margin
@ mass margin
G mass margin total
@ minimal TRL
Q power while an
@ pressurant mass total
(D propellant mass total
@ wet mass
G wet mass including system margin
@ Platform Module : Platform Module

S

3 @; Communication Subsystem : Communic...

[ Port_LaunchAdap : Port_LaunchAdap
@ Port_Link : Port_Link

[ Power Subsystem : Power Subsystem

J» [ Thermal Subsystem : Thermal Subsystem
@; Port_LaunchAdap : Port_LaunchAdap
@ Port_Link: Port_Link

L.l |

l" j S Ea I%j “

5% |\\
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@; Propulsion Subsystem : Propulsion Subs...
@ Structural Subsystem : Structural Subsyst...
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COMET Diagrams

. estecion’] i
. Aremnes S, S ik v
. Satry oy
ooy
Frepunan Submser tbop, Samspeer) P S N [

P Tash 2 Peop sk 21

s N i)
o Tarh 2 gl it P Tk 1
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CEFO Workshop Modelling

* Worked out notebook structure that combines analysis per domain:
Might be base of reusable template for GCD-specific design procedure

* Discussion on embedding within CDF session workflow

T Y 1 T o 1
H

T
T ¥ ¥
¥ & =
1200 1
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CEFO Workshop — Results / Findings

Further awareness and understanding for GCD purpose and capabilities
created for new users

Basic steps for Design Capture in COMET was possible with very limited
training --> more support required for the details and particular constraints

Schedule was too ambitious (two days only for entire process incl. Training)
* Additional session for evaluation / scoring part was conducted remotely on 23.06.

Simcenter Studio was not actively used by all participants but controlled
centrally by Siemens

Ad-hoc model fixes where not possible during the CEFO Workshop
 Some IT issues uncovered still during the Workshop (COMET-->Simcenter)

5% | N
RHEA
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CEFO Workshop — Results / Findings

Focus for this workshop was not to create a perfect technical result but collect
additional user feedback as input for ER document --> questionnaire distributed
to all participants

Average score per question Average value and variance per question

—

I understand the idea of Concurrent Engineering 7 4 — — — —
(CE) B

/-1-&’“ | understand the idea of Generative Engineering
(GE).

The GCD process and tool ismost suttable for
the early phases (0/4) of aproject.

In general, the GCD process and tool will be
beneficial for my projects (also outside aCE
workshop).

™\ Iunderstand the dea of Generatwe Concurrent (i I Il TN I = . S S - S - . .

Design (GCD) 3l EIE L BN D T BB BD D B B S O .

| understand the conceived GCD process andthe
,\“..1 purpose of the individual steps (DesgnCapture,
Architecture Generation, Evaluation,...)

/

The Concurrent Engineering process(e.g. as ,f
perfor med at CEFO / € DF) needs to be adapted H:\\\f‘;“‘r(“”'“” s
to include GCD based trade-offs {1 ( "f

“\mm?““

o)

g
Z
i
g

The GCD tool chain will be practicable in a L:.u\ N

typical Concurrent Engineering study. A \\ AN

\\

{doppiom

‘/JJ,, ThE Software COMET & easy to use after initial
famil@rization.

UoIETLEILE |
BRI} JER 361 01 A% 5| 300 BIRAIIOS 311
59300 paAIUG3 1) Sp0ddNS
AjRiEnbe pe (0IPNIS+1AW0D) UIELR 1903 039 3y L
SuopEDade PU) A B
dOUSHIONA 0493 039 34140 SIINSa1 paRaIDE Ay &
Aprs Bupaa B3 WaLmuo)

JeadA3e ujagEaipEId ag (1 Ul Y3 001 039 BY 1
walnide o /o) saseyd hea
BU7 10} B|qEUE 150LS) (067 PUE Ssa30ud (30 31 |

SH0-9pen pagzq ()9 2PN

The achieved results of the GCD CEFO W\:lrkshu \\ — gL - / he Software Simcenter Studio & easy to use
met my initial expectations. . S = e - after initial famil@rization.

The GCD toolchain met my initial acpecta%s—-?ﬁa GCD tool chain (COMET+Studio) adequately
w.r.t. functionalities and created benefits supports the conceived process.

{*"uopEn|ER3 "UDpEsE UBD BN YA

3|J3Uag PAIEAL P LB SA|[RUORIUN 1M
SuonEBadA BRI ALITAL UG 001 030 a1

(30)
Hu1122 U813 UIN2UCD 0 BP 341 pLEISIRRUN |
(39}
BULSBIAUT BAIEIS USG 0 B3PI U pLEISIEPUN |
i09) udisag
WBIINIUO ) BHIEIBUSE J6 BSP| BUL P UEISIBPU |

atpp e ssasoad qg par

s 0 01 452 5| 0
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Conclusions
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Conclusions

 Methodology and CONOPS defined and tested with applicable use cases at different
architecture levels

 Improved functionalities, interfaces and new features developed for both tools which
allow for a smooth workflow

* New diagramming capabilities implement in COMET and support for scripting behaviors
*  Multi-user evaluation implemented in Simcenter Studio > Discover
* Direct link between COMET and Simcenter Studio

* Power of Python Notebooks for evaluation has been demonstrated, but integration/link
with other DST is out of scope

* Potential Follow-up activities are being explored
. Direct application of GCD to ongoing and future missions
. Extension of features and further automation
. More integrated link to Simulation tools during architecture option evaluation

5% |\\
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Evaluation & Roadmap

 General understanding and expected benefits confirmed widely

* Big advantage for collaborative design capture by Architecture Diagrams in
COMET compared to individually / script-based in Studio --> consistency /
accessibility

e GCD will have impact on the way we are doing CDF/CEFO activities

* Correct modelling to be compatible with the Studio solver is not trivial and
might even impact the usual model structure

* Transfer from COMET to Studio has big advantage, but more detailed
debugging / validation / integrity checks would be appreciated

* Templates / supporting functions in Studio for non-expert users are needed

5% | N
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Roadmap - Immediate

* Preparation of integration of GCD developments into v10 of COMET and
performance updates — up to November 2022

e Preparation of integration of GCD developments into v2304 — up to April
2023

e Release GCD Plugin for IME — April 2023

Release COMET IME v10 Release Studio 2304
01 Movember 17 April
|Sep 22 |Oet 22 Moy ‘22 |Dec22 [Jan 23 |Feb 23 |Mar 23 |Apr 23
Start [ ion COMET jices v Testing * Finish
TV August | 99 august - 29 September 17 17 April
Preparation COMET IME w10
11 August - 16 October
Preparation Studio 2304
17 October - 16 April
* *

Release WebServices v Release COMET GCD

30 September Plugin
17 April

5% |\\
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Roadmap - Future

* COMET
e Diagramming — real-time collaboration and more diagram types ~2023
e Behaviors — behavior evaluation in COMET and snippets ~2023-2024

* GCD - continue improving acel validation and development of training material
~2023

e Studio

e Usability — model debugging and traceability, collaborative workbooks and
inspector improvements ~2023-2025

e Simulation and optimization — parameter optimization directly in acel, link to other
3" party simulators ~2022-2025

e Security — docker architecture refactoring ~2023

August 23, 2022 68
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Reach The Team

We love questions and feedback —and we’re always happy to help!
Here are some ways to contact us.

ESA Contact GCD Team

GCD ESA Technical Officer

Alex Vorobiev (RHEA) a.vorobiev@rheagroup.com

Stephan Jahnke (OHB) stephan.jahnke@ohb.de

Claire.Parfitt@esa.int

Jonathan Menu (Siemens Industry Software) jonathan.menu@siemens.com
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