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Where we are today — State of the Art in MBSE use """~

v oy

A\

Early Phases Assembly,
Systems
Engineering

/

Test /
o /( /
s Engineering -> Systems Model/

* Disconnected Data Silos and Teams along the lifecycle, mainly Point-to-Point interface
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* Interconnected knowledge still in experts brains mostly

* Benefits of MBSE (System Models) do not pay out in later phases
* Models become outdated and are no longer used in AIT and Operations
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People

involved

State of the Art — Detailed View

Business — Value Chain

i Development — Value Chain

: a N\ A x

Initial System Design )
BID & Detailed

System model domain design

Phase-specific IT-Tools Phase-specific IT-Tools Phase-specific IT-Tools
| =N ml

Manufacturing
AIT

Phase-specific IT-Tools

=

oo
CIMAP

O

Operations (Flight)

Phase-specific IT-Tools

[T—

[

Major potential to become
more efficient, speed up
and create savings
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CIMAP

The Answers — Hypothesis of this Project

\ I \ I \ I \ I

* Integration of MBSE and AIT / Operations into a holistic Workflow ;
= * Elimination of (functional) failures in the context of the AIT process —

P

* Supported by suitable visualisations -.,. X "
* less system failure : - '
* faster troubleshooting J: NXDOA
* improved communication between the project participants. Ty
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Integrated MBSE Analytics Platform - IMAP IMAP

Integrate MBSE and AIT with MachinelLearning based anomaly detection into one
platform

* Developed as technology demonstrator in an ESA funded research project within
the OSIP activity

Data Consumers

Aligned with ESA’s MBSE strategy +Vsskzaion  Document gt - O hooar

(https://essr.esa.int/project/mb4se-model-based-for-system-engineering) %

. Data Hub
Analysis / Digital Stream / Bridges Workflows

Data Analytics

e Feaabity + Common to all discipline / workflow 2;2?;:3?”““
O . . - 22 of d
Aligned with results and user stories e - e e and xchange s (Al o=
e / interfaces / formats / units and Szrﬁjfglugis'g”
L[] [ [ [ K"‘ l dé u
from Expert interviews in Spring 2021 ol : Confiuraton and data managemert [N © Socon

+ Ownership / Responsibility definition

Data Sources
Editors / Authoring Tools / External Providers

Project completion July 2022
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502,
IMAP — Overall Process “IMAP

Inputs & Data sources } Data Access => Extract} BigData Platform } Processing } Frontend (End User)} Communicatior>

Data Wrangling Chart, Dashboard, timeline, ...
(=> Transform) S
!@E Telemetry Database o (. Data Lake ¢ |
1101 T ’(
|
L SySML (e.g. CAMEO) (a u - (%) Answer
o060 - ? \. Visualization o0
FaW
@ | . . !
=2, MMI/ Frontend " o S
- Questions to be S Data Lake N _J.EE.E..%___] E:: aa | &=
answered — = |
- Defined Test Cases .
— Analytics o Data deep Dive
[ Machine Learning
O

Re-define the Question
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IMAP - Integrated MBSE to AIT Workflow IMAP

-10
&® MMI/ Frontend (o
®& _ (uestions to be Telemetry Database 1
= z
answered ~—— SySML (e.g. CAMEO) %1 £
- Defined Test Cases Y -8 o6 0 D
I | I
Access the IMAP Platform Browse and spegﬂy data to ] :f Process and Run- ML-based m% |
be used (e.g. timeframe) J L analysis ‘ N =
A M
@ \gjio ° /4’ 1T =

0e0 D Gy L
t& Understand system < I M AP > [ Get results visualized ]
behaviour & troubleshoot il o

See data mapped to System Model, get l
impacted elements highlighted J‘

f Overlay AIT-Data of various
Browse your data seemlessly L system elements

Datalake Satus Dverviem Q1272022 1450:43 =

@ Telematry Data Status

P &2 Ground Station Housekeeping Data I

Analysis Result Chart. Run Period: 28.9.2017, 10:00:00 -> 28.9.2017, 17:00:00

» 8 Complate COH Software I

3 System M OVE

el
E— e 2= - = »/ Al
, 3 i
= = T
g P B Ground Station = 20 |\ f
%5 MOVE-|l satellte I s | T._=+. v
! S — e 1200 1330 40 1430 1500 1530

=1 — —
PR |

Add Telemetry Overlay
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Demonstration Data CIMAP

* All demonstration data is completely based on the operational
MOVE-II CubeSat mission which has been developed by the Chair of Astronautics
at TU Munich

ibd [Block] EPS Batiary Board EPS Batery Board Pawerand Dsa Py )
| EPS Battery Board Temperature Sensor : EPS Battery Board Tomporaturs Sensor |
(&) DBeaver 22.0.2 - measurement
File Edit Navigate Sesrch SOLEditor Database Window Help
EPE Battary \Board Temparaturs LA ] saL - Commit [ Rollback - @ Auto O moveii@proxmox ¥ ublic@moveii ¥ B oviQ o vito X
i o - i ] o P P H
BCR 3 Valtage, . . —
BCR SCunuli'l!A. f® Database Navigator X [ Projects = O = thm_status PR measurement X A sensors
BCR3Cument® e er - Rattery Microcortroller '
battery Mi ntroller : Battery Micracantralle - — .
L BER1:BCR 1 o~ atteny Microcontroller Ty lerocommier ™ $-D==i = Properties | [} Data| iy ER Diagram % moveii@proxmox £
JRR— - p 1 3 ingut, [ Entera part of object name here |7 - Ey——tl :
*BCR 2 Curran, : ~ £
BOR3 BORS BCR 2 Vltage el ~ B MBSE2DL = 135 regid 1% 123 sensor id ﬂ:|123temperature T| rocstatus T3 rocsource 71| 123sourceid T1| #) created on 1| [ deleted T1| @) inserted on T
r BCA § Curert, ) - > 8 movei@malta - & i =) 12,195,696 [ 0N B 166,136 2017-11-07 06:22:43.000 2017-11-07 06:24:29.540
BCRiVokage e————— —_——————— A EPS Batiery Telemelry L ~ ¥ moveii@proxmox - 15 : i) TS 66, : 1 -
£ Databases 2 8752 16 ou B 75,319 2017-08-21 19:24:35.000 Il 2017-08-21 19:24:35.000
r ol 05:
T — © & moveii g3 57,507,542 (1= 5809999943 N B 460,827 2019-02-14 06:08:56.000 Il 2019-04-10 10:05:38.042
BCA 3 Gurant B, v B Schemas ca 57,507,543 e 725 N B 460,827 2019-02-14 06:08:56.000 Il 2019-D4-10 10:05:38.047
,, i S|
B3 Yaloge 5 H) ades £ 57,507,544 28 119999885 N B 260,827 2018-02-14 06:08:56.000 I 2010-04-10 10:05:38.050
< 295 Bty Terperalie 1 5 Bl cdh 57,507,545 S 7619999385 N B 460,827 2019-02-14 06:08:56.000 Il 2019-04-10 10:05:38.053
BCR P Curert, Batlory Haatar 1 5 s ) emd 7 57,507,546 o 525 N B 460,827 2019-02-14 06:08:56.000 Il 2019-04-10 10:05:38.072
SCRfotag= T bighor call s nigher eell | y > B com 8 57,507,547 SE 7559999943 N B 460,827 2019-02-14 06:08:56.000 [l 2019-04-10 10:05:38.079
- i > ) eps 9 57,507,548 6 3 U B 460,827 2019-02-14 06:08:56.000 Il 2019-04-10 10:05:38.082
BCR 1 Clrragt, - IBMPAFANING SENS0T Highar Call | Temparanra Sensor Highar Cell > health_service 10 57,507,549 = 113 N B 480,827 2019-02-14 06:08:56.000 [1 2019-04-10 10:05:33.086
BCR1 Viftaof v DI s B hk T} 57,507,550 e 10.43999958 N B 450,827 2019-02-14 06:08:56.000 1 2019-04-10 10:05:38.088
i > [ herst 12 57,507,551 1= 1293089958 N B 460,827 2019-02-14 0E:08:56.000 Il 2019-04-10 10:05:38.093
i infermation_schema 13 57,507,552 10& EERNT] 3 460,827 2019-D2-14 06:08:56.000 Il 2019-04-10 10:05:38.099
i > 5] logbook 14 57,507,553 1ne 2690000057 N B 460,827 2019-02-14 06:08:56.000 Il 2019-04-10 10:05:38.103
. ) — e (o= 2P Batiery emperature 2, pg_catalog 15 57,507,554 12E 2630000114 N E 460,827 2019-02-14 06:08:56.000 1 2019-04-10 10:05:38.107
RAW_BAT_Cannsclion . Battery tHeater 2 Stale > :’h“""‘ 16 57,507,555 136 1129993995 N B 460,827 2019-02-14 06:08:56.000 ] 2018-04-10 10:05:38.117
afulls v m e
17 57,507,556 14e 23U B 460,827 2019-02-14 06:08:56.000 Il 2019-04-10 10:05:38.122
Tabl —
VEEIS = . _— 18 57,507,557 156 5630000114 N B 460,827 2019-D2-14 06:08:56.000 Il 2019-04-10 10:05:38.125
measuremen i —=
————— z B sensors BK 19 57,507,558 167 5630000114 N B 460,827 2019-02-14 0€:08:56.000 Il 2019-04-10 10:05:38.128
[bw-m“mm Sensaroer cal > BB system a8M 20 57,507,559 g 6 N B 460,827 2019-02-14 06:08:56.000 [ 2019-04-10 10:05:38.132
| s ahatse s B Views 2 57,507,560 1867 23U B 460,827 2019-02-14 06:08:56.000 Il 2019-04-10 10:05:38.137
o= - GND 3 B3 Materialized Views 2 57,507,561 196 725 N B 460,827 2019-02-14 06:08:56.000 Il 2019-04-10 10:05:38.142
__________ 1 : Rakase Switsh Connecticn
m
{}

* For details: See https://docs.mbse2dl.org/overview/demo-data/

© MBSE2DL Consortium | Nov 2022 MBSE to DatalLakes — IMAP



https://www.move2space.de/MOVE-II/
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The Platform

Scalable for BigData

 State of the art building blocks: Docker based
micro services, Hadoop Filesystem, Kafka
Messaging, ...

Formalized

* Semantic Datalake concept, underlying
Ontology modeled in OWL — based on CIP
metamodel, MBSE storage in RDF

Flexible
* Analytics functions implemented in industry

Telemetry
Database
(PostgresQL)

Question(s)

standard Jupyter Notebooks — for expert users

* Integrated into end-user-friendly web frontend

Extensible

© MBSE2DL Consortium | Nov 2022
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C IMAP D

Normalize Link / Trace
Python / Java Java
] Data r
ETL Wrangling WebFrontend
Python / Java -> Transform Angular
Apache REST
Kaflka MicroServices
eeo
Data Access
-> Extract
oo

Autolayouted
Block
Diagrams

MachinelLearning Graph Analysis
Python / Keras / ... Cypher

[Platform Architecture Concept]




Importing Data CIMAP

* In the technology demonstrator, data imports are specifically tailored for MOVE-II
data (MagicDraw SysML model and PostgreSQL Telemetry Database)

* These 2 importers will need to be adapted or rewritten for different MBSE models
and Telemetry Databases!

MBSE2Datalake ()]

i Home # > Upload

B3 Dashboard
SysML Upload Telemetry Upload Neo4j Update

T Upload Upload SysML Model to the Datalake Upload Telemetry from a Database to the Datalake Update current Project to Neo4j

i+ Tracing r 1 Last Update: 17.5.2022, 15:37:25 y Last Update: 17.5.2022, 15:38:42 Last Update: 17.5.2022, 15:39:30
LYJd

B Tools

Q,) Analytics Upload SysML Model Upload Telemetry

111 Exploration

Q_ search
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Tracing MBSE to Telemetry Data CIMAP

# > Tracing

Manual Tracing Synonyms Table

* Traces between MBSE Flowltems and

Telemetry traced ss/172 ced: 89
T I t ry r I I t t | Name Containment Paths Name Containment Paths
Actual State EPSboard ~ Pointing Error System MOVE » Operations System » Backend = Beacon...
. M . . Angle Between Vector Measurements. ADCS Cell 5 After Sun Angle Id InterfaceEnd has ne Parent
utomatica Y to a certain de gree, depending
BCR 1 Power Derived Cell 2 Sampling Period InterfaceEnd has no Parent
Sicl | X+ Te ture BMX MQVE » MOVE-Il satellite » ADCS = Sidl | Ko
p—— P icepanel emperature. System satellite iclepan]
Battery Voltage System MOVE » MOVE-l satellite » EPS Hardware » EPS ..
BCR 2 Current EPSboard
Cell 5 Before Temperature Id System MOVE » MOVE-Il satellite » PL Hardware
BCR 2 Power Derived v P - PP PUP A hs
By manual drag&drop —
TraceState  Telemetry Flowltem Delete Enable Disable
aute SideXMinus Gyros<ope Data %\ Gyroscope Data A\ ~
aute PDM Current ADCS 5V 2. PDM Current ADCS 5V 2 ‘{\
auto Temperature OW2 Sidepanel X-\ Temperature OW2 W
panel Y+ Temperature OW1 W
> Tracini
# 9 Board, Temperature W
2 Current N\
Manual Tracing Synonyms Table 1 Current PL5V L v 5
By defini list of t
Synonyms Action

SideXPlus-»Sidepanel X+
SideYMinus->Sidepanel Y-
33V->3V3

SideYPlus->Sidepanel V+

EPS Hardware->EPShoard
SideXMinus->5Sidepanel X-
UHF->UKW->UHF-VHF-> UHF/VHF

Mainpanel Z+->Mainpanel

PL Hardware->Payload
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o
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Feature: ML based automated Anomaly Detection

* On-platform setup of MachineLearning models and AnomalyDetection with
JupyterLab for expert users/data analysts — no need to care about the technical

infrastructure
* Results flow into Datalake for storage and end-user friendly front-ends

File Edit View Run Kemel Git Tabs Settings Help
B t C = Training.ipynb x w = Run Kemel Gf Tabs Seftngs Help
B+ XMH O » = G » Code v O st & Python 3 (ipykernel) O - N = Plottranbadelipynt
= A B+ KD O » 8 Cow Mokdon v @ st
dropout_L (Dropout) (None, 5, 16) o & o a
™/ - /EPS-Temperatures / training / - ining # manual_snalysis / trainingdf = trainingdf.resample("2s").mean().interpolate (methods linzar")
Name " Last Modfied ‘time_distributed (TimeDistri (None, 5, 3) 51 it (" wi:*, 1an(ErainingdF))
< o of rows: 45188
- logs 15 hours ago Total params: 3,443
Trainable params: 3,443 bigor. to_cov(namedTenporaryedle(suffix-’ .cou, prefle-'Traiatasa’, mod index-True)
ifs_path = configuration.project_wechine_learning dir-configuration St o AT
ity ndfs_path)

- I_analy: 14h
mene ey o e Non-trainable params: @

Training.ipynb 2 minutes ago
2022-05-16 ©7:49:02.716245: I tensorflow/compiler/nlir/nlir_graph_optinization_pass.cc:176] None of the MLIR Optimization Passes are ena » .
bled (registersd 2) bigorstartoate - “2017
2022-05-15 67:49:62.737989: I tensorflow/core/platform/profile utils/cpu_utils.cc:114] CPU Frequency: 3792998600 Hz bigOfendDte = "2017-83-30T00:00:00"
gpoch 1/5
3370/3370 [ - 315 41s/step - loss: ©.2080 - val_loss: 0.8633 grafann_url - build grafana display url(hdfs peth, "crested o', sen Oate, bigOfendDate]
Epoch 2/5 3358y (T, (Eratane_wcl)

3370/3378 [ - 125 3ns/step - loss: €.1382 - val_loss: 0.8525 et i Coafan
gpach 345
3370/3370 - 125 3ns/step - loss: €.1174 - val_loss: 0.e501 3 - .
L 4 - B oopoe<s =y D Seit 85 Addto dachbard 08001 30 . Plot the data for manual inspection
gpach 4/5
3370/3378 | - 125 4ns/step - loss: ©.1126 - val loss: 0.2499 . .
. - bwas f1g = go.Figure()
gpoch 545 Q for index, nome in enumerate(sensor_names)
3370/3370 [ - 12s 4ns/step - loss: 0.1118 - val loss: 0.0500 - - — LL UL L L fig cH(g0. SCHLREF (X-RrRINRgOF. dndex, y=trainingDF(nose], nase-sensor_Leged[neas], Lind_color-calors.qv
+ s manageme 0 iePath dna MCYE /machine e SF | | WY v e e Wi
s - . . . #1g. upate_layaut(Legend_title_text="Sensors”,
Visualizing the training and valiadation loss of the trained model " © commmme | oemeton - TR —— [5] “ - ety eirlestrine anp®, yaxis title-"Teaperature”,
- fre— - - set nomsly Occurance Period: {startOate] : {endDate} )
fig = go.Figure() ] R . a Fig-shaw()
fig.add_trace(go.Scatter(y=history[ 'loss'], name='Training loss')) o u
fig.add_trace(go.Scatter(y=history[ 'wval_loss'], name='Validation loss')) E b e S Belty Vepusts - |8 -8
Fig.update_layout(showlegend=True, title='Model Training and Validation 1oss') ® —
Fig. show() § .
o -
+adgury D ey O nspei
Meodel Training and Validation loss z
= By o =
02
o1s w
" — VT r— —
01 o Timestamp
0.05 - oMz ® & “Lrulyintislized Mo Kernel | die Mode: Command
a 05 2 25 3 35 4 o
[ ]
B _ . v
Mode: Command @ Ln1, Col 1 Training.ipynb

simple oM 1 ® @ <rulyinialized Python 3 (pykernel) | dle
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Feature: MBSE and Analytics — Overview

* All data in one place

* From Dashboard to ML based analysis results...

MBSE2Datalake
i Home # > Dashboard

B3 Dasfiboard

Datalake Status Overview ©18.5.2022, 07:38:42

T Upload
~~ Tracing & MBSE Model Status
B Tools Last Import 1752022, 153725
232
(9 Analytics No of satisfied Requirements: 95
No of ElementDefinitens: 262
il Exploration Number of Flowitems: 278

Number of Traces to Telemetry: 89 / 32%

[ E] # > Analytics

Select Analysis

EPS-Temperature

Telemetry Data Status

Configure Analysis Run Analysis/View Results

Select Notebook

Anomaly.ipynb Run Notebook Open Jupyter Notebook

Last Import: 17.5.2022,15:38:42

Number of Telemetry Sensors: 172 Select Analysis Result

Run-1

Number of Traces to Flowitems: 88 / 51%

Affected Flowltems

Last Run: 30.5.2022,11:40:28

A EPS Board\ Temperature A EPS Battery \Temperature 1 7 EPS Battery \Temperature 2

Analysis Result Chart. Run Period: 28.9.2017, 10:00:00 -> 28.9.2017, 17:00:00

s~

A
VAP TT

= EPS Board\ Temperature

Q_ search
~ Analytics Status
Analysis Run Date Status Anomalies Time Range Sensors
EPS-Ternperatures Run-2 17.5.2022, 15:44:01  Passed (] 3 100
£95 Temperatures Run-1 1750002, 154312 Failed 7 2892017, T1:5318-> 2692017, 15:30:44 3 ﬁ
[
¥
-100
-200
12:00
Sep 28, 2017
8
Lx settings o Add Telemetry Overlay

[= switch Project

Active Project: MOVE-II © 2022 ScopeSET GmbH
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12:30 13:00 13:20 14:00 14:30 15:00 15:30 16:00

DateTime

EPS Battery \Temperature 1 —— EPS Battery \Temperature 2 Anomaly Timeframe

16:30

CIMAP >




CIMAP >

Feature: Block Diagrams with Failure Highlighting

Run Notebook Open Jupyter Notebook

# > Exploration » Electrical Architecture Diagram El B ::

* Navigate from detected Anomaly
to affected Flowltem in auto-
layouted Block Diagram

© MBSE2DL Consortium | Nov 2022 MBSE to DatalLakes — IMAP



Feature: Block Diagrams as Entry Points ~IMAP 2

MBSE2Datalake ()
1 Home # > Exploration > Electrical Architecture Diagram E -
BS Dashboard
=l Dashboar < Analysis Overlay Search Filter >
T Upload $ &8 Ground Station Househeeping Dta Select Analysis

. RS e rrer— EPS-Temperatures
=% Tracini g -

BS System MOVE

Select Run
Run-1

-
1 m
} 28 Ground Station == |
e '.. | I
r o PR o S:;'“ # > Exploration > Electrical Architecture Diagram [E...|
— : Operations
111 Exploration o = —— L p—r——— [0 Expand Diagram
m “r seme— .

s I
Properties

Q, search L

&) Analytics

L
E ﬁ:ﬁi

* From SysML to associated Analysis:

e Overlay Analysis Results in auto-
layouted block diagrams

* Dynamically drill in/expand/collapse to
see more detail

* Navigate to all other views
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Feature: Assistance Functions IMAP

# > Exploration > Requirement Table

o o All Requirements Requirement Details
* MBSE centric views, Trees, Tables .
’ ’ Req Id Name V 1 Derived From Lower Regs Satisifieds Name: EPS-01
Description: The EPS shall be able to handle the maximum occurring input power in orbit.
EPS
. . b Derived From Requirements:
* Drill-in capable autolayoutin OC ‘ ; ° :
= EPS-00.1
127 % EPS-09 1 ] 0
d' 'th S h F‘It 122 % EPS-10 | ] ] ified by El iti
I a g ra l I l W I e a rC ) I e rs’ ee e 79 %EPS-00.2 1 o o « lower cell: EA Diagram PS Table PS Tree
72 EPS-0T 3 o o Analysis for affected Sensors:
157 EPS-00.1 2 0 0 Flowltem: EPS Battery \Temperature 2
. M * = Analysis: EPS-Temperatures | 2
ntegration with state-of-the-art Char - T =
- - - « higher cell: EA Diagram PS Table PS Tree
V = fps-02 ! ! 2 Analysis for affected Sensors:
ISUallZzation Fatana | : :
Flowltem: EPS Battery \Temperature 1
7 EPS-03 1 3 3 = Analysis: EPS-Temperatures | 2
72 EPS-03.1 1 [} 0 R
= Run: Run-1 | Anomaly
* Global searc o
E7Al EPS-03.3 2 0 2
38 EPS-04 1 0 1
39 EPS-05 2 0 0
40 EPS-06 1 0 0
411 EPS-07.1 1 0 1
41 EPS-07A 1 1 0
4 EPS-11 1 2 2
41 ERS-11.1 1 0 1
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Feature: Orchestration of Data Ingestion IMAP )

* Automated data ingestion and triggering of Analytics functions

f. | setflowprojectid
==

(] set flow.doConfi 0
'y g

: I e (e (e

* Node-Red flow diagram: T\ e

* Model the ingestion workflow
based on specific input data
access and trigger tailored
Analysis scripts

* Result will be displayed in
standard dashboards and
views

::—:5 jon  (—) | getProjectigAnaDbConty (>

get proj id from proj name Note: this gets the first (1) dbConfig
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User Feedback <m>

Workflow Comparison — Design Phase

Model Design

e Easy connectability to other data sources e.g. to connect

Model Exploration with IMAP

e Intuitive Model explorer and interactive diagram layouter

requirements to test documentations etc. with high degree e No necessity to build or maintain large amounts of diagrams
of freedom for user views

¢ Automated model-checking via Cypher-Routines/queries, > Less effort for maintenance
seamless integration of checking connected data sources > Less update latency

» Increased confidence in model by users

Classical Model Design Classical Model Exploration

e Scrawling for content of diagrams, need to view X diagrams
to gain understanding of context

* Necessity to build and maintain a large amount of diagrams
for user views

» High effort for maintenance

» High latency for updates

» Low confidence in model by users

e Limited and cumbersome interoperability with other data
sources (e.g. lots of manual tracking)

e Model checking limited to pre-defined toolset, no checking
of interconnected data sources

MBSE to DatalLakes — IMAP
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User Feedback CIMAP
Workflow Comparison — Testing and Operations

. e Fault detection facilitated by Al
IMAP Integratlon e Fault tracing simplified by automated model analysis

Debugg| ng Process * Proposal of , best guess” for components likely at fault based on
deductions from Model and telemetry

Classical Integration * Reliant on key personnel
: e Requires holistic understanding of the system
Debugglng Process e Trial and error based on intuition
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Summary And Final Hypothesis CIMAP >

Feature: MBSE and Analytics — Detail Views

* From SysML to associated Analysis: -

. ’ \ * Overlay Analysis Results in auto- ]
Iayouted block diagrams _-LH“FH— = ) ’
kL e =

» Dynamically drillinfexpandjcollapse to
see more detail
= Navigate to all other views 2

-, e %
Feature: MBSE and Analytics - Overview Feature: ML based automated Anomaly Detection ‘

+ On-platform setus of Machis madels and with
JupyterLab for expert users/data analysts = no need to care about the techical

* Al data in one place

* From Dashboard to ML based analysis results... infrastructure
= Results flow into Datalake for storage and end-user friendly front-ends /

T g B — T oa— g ™ _— ' b e
=== 7 T—

Feature: Orchestration of Data Ingestion Feature: Assistance Functions

+ Automated data ingestion and triggering of Analytics functions + MBSE centric views, Trees, Tables e e
+ Drill-in capable autolayouting block 2
* Node-Red flow diogram: T [ S — diagram with Search, Filters, .. =
Madel the ingestion workflow e m——— * Integration with state-of-the-art Chart - —
based an specific iput data —_ i Visualization (Grafana) =z
access and trigger tallored =" = « Global search
+ Besult wil be dey [

ol played in
standard dash boaeds and
i

Pay out in Testing
Additional resources and Operations

in early phases

Resources |
Spent o)
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Deployment and Demo CIMAP

* Available online on https://www.mbsd2dl.org
* Including extensive documentation at https://docs.mbsd2dl.org

* Questions and Support: amueller@scopeset.de
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Feedback on Solution Demo(s) CIMAP

“... many of our customers use (MBSE) system models extensively in the early phases of complex system developments, for example in naval
shipbuilding and automotive engineering. However, there is often a gap in the use of models, which is due to time, organisational, but also
competence-related reasons. A solution like IMAP can become a valuable building block in the E2E tool landscape. In addition, we see the
opportunity that such a tool could both strengthen the end-to-end SE idea and enable the desire of many customers to shorten and agilise

Stephan Finkel . i
projects.

3DSE, SE-Principal - Defence,
Space and Automotive

"...in our experience, SMEs in particular find it difficult to implement systems engineering holistically. This is due on the one hand to the
extensive methodology, and on the other hand to the fact that people are often involved in projects in multiple roles. In the field of medical
device development, we often have teams of < 15 people. We see the potential of the IMAP solution in the fact that a system expert can
create the test cases and train the ML-system for approval-relevant test scenarios. The highly qualified person can then take on other tasks

Patrik Krause
and only provide support in the event of an anomaly, then also with direct reference to the system model."

3DSE, Project Lead AMELIE,
Advanced SE for SMEs
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Feedback on Solution Demo(s) CIMAP

"... after an internal presentation of the MBSE2DL system, we hereby express our interest in the technology. The fast and clear failure
analysis, as well as the possibility to automatically generate analyses and graphs for reports from the Datalake, are technologies with which
Rupert Amann we recognise a considerable added value for our satellite development. We see huge potential in machine-learning based telemetry analysis
for the mission operations of our future satellite constellations.”

Head of Space Development
and Co-Founder of OroraTech

"After learning about the IMAP tool with the MBSE2DL system, we are certain that it would be highly beneficial in the development and
operation of our satellites. By directly coupling a SysML model with telemetry data, existing SysML models are enhanced and put at the
forefront of development. The automatic analysis and the display of which systems are affected by an identified anomaly in the SysML
model have the potential to significantly enhance and speed up problem discovery and resolution. Both the development and operation of
Felix Firmbach satellites would greatly benefit from this. Furthermore, the tool uses well-known technologies such as Python with JupyterLab and Grafana.
This makes it easier to get started with the tool.”

WARR MOVE Student Lead
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