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« The ELT case on model-based engineering

« Conclusions

ESA UNCLASSIFIED - For Official Use ESA | September 2020 | Slide 2

— Il hw s= ™ - ™= T JIIl S R e BBl TS B2 SR m vl European Space Agency



The 3 Evils (Holt & Perry) &
citation SysML for Systems Engineering

L. Complexzigy

2. Lack of Understanding

5. [neffective Communication
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1st evil: Complexity

Complexity Curve
Comp.1 Comp.2
Comp.3| |Comp.4 Comp.1 Comp.2
Comp.3 Comp.4
E
g' Comp.1 Comp.2
= :%I Comp.5
Comp.3 Comp.4
B B_]“‘ L wch? La h Launcl
Time
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2nd evil: Lack of Understanding

Lack of understanding can happen at any point in the
system-engineering lifecycle.

Examples:

« Specification: unclear requirements
- Analysis: lack of skills leads to false assumptions ™ E
« Operation: incorrect use of the System.
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3rd evil:

22

Ineffective Communication
... the Johari window

Known to self Not known to self

#™

Known
to others

Not known
to others

1. Known to
everyone 2. Known to others
Shared Blind
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Sharing  information is
increasingly difficult as the
project grows in complexity
and number of stakeholders

i i 1 1 .| i 2 1N
-
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The vicious triangle of System Engineering

Complexity

Ineffective Lack of
Communication Understanding
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Dilemma: To MBSE or not to MBSE? {-esa

[1 complexity hiding by means of
Views and Filters.

Can we exploit model-
based solutions to tackle
the vicious triangle?

[] to stimulate reasoning and
alternatives evaluation.

[1 automatic translation to artefacts
O (code, documentation, tests,...).

[1 automatic verification of integrity
and consistency.

[l enhanced communication

through formal representations
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« Dilemma: to MBSE or not to MBSE?

_/

- Stepwise approach to System Engineering modeling

« The ELT case on model-based engineering:

« Conclusions
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Stepwise approach to System Engineering modeling ‘\\ eSa

DSML generic
. - o ¢ (descriptive)
Domain Specific b dels
Modeling Languages BN P moaeliing
1 - languages
reduced coverage and
more focused intentions. (i.e. SysML)

Provide solutions for

nbiar 4 : target a wide variety
particular domains

of domains and

ARCADIA |P& =, { modeling intentions.
inspired by SysML.: Y
and other Architectural | e
Framework | &

(i.e. NAF, DoDAF)
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Models as a single source of truth {zesa

F.
a

What i | — f/ /
domains?  Where to \

begin? S — \\ autogen- .
eportf : , - code‘.m [‘-._,\I\\

0
~J

Interfaces == e %E'Eééféi;?éi;;i'i-iiig 2.
« Functional (e T [ 8, B
 Behavioural
! - EMC

« Thermal

° i
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« Stepwise approach to System Engineering modeling

« The ELT case on model-based engineering: \

« Conclusions
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The ELT case on model-based engineering &\»esa

ELT is a Solution Provider and Capability integrator in the Electromagnetic

Spectrum Operations (EMSO) market for Defence & Security

COUNTERMEASURES & SELF PROTECTION

In a process of continuous improvement of
ELT internal processes, MBE (model-based _ K . .
engineering) Wwas applled to three development INFRARED CYBEREW&INTELLIGENCE
processes of increasing complexity: ) e

« managing complexity of software interfaces
« model-based software verification facility

« support for specification and design of a
System of Systems (S0S)

EW ACADEMY &
CYBER UNIVERSITY
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- Stepwise approach to System Engineering modeling

k « The ELT case on model-based engineering: \
\- managing complexity of software interfaces \
« model-based software verification facility
- experimentation of the Arcadia method to support
specification and design of a System of Systems (So0S)

« Conclusions
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Problem: managing complexity
of interfaces
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Managing complex software interfaces can be challenging:

+ high variability EZ=Z) risk of introducing
inconsistencies

nested structures

\é?tt:ﬁgllssarrays >|:> risk of introducing

endianness coding errors

o _ : lems durin
interface proliferation ~EEEE) E)lz(tjle?gratic?ll1J ofgsubsystems
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solution: generating artefacts from \\\&gesa
interface models

Automate custom DSML for .
data encoding software interfaces

ot dac
# Interface Collection 8194 interfaces

+ Interface SystemCommand

4 Intedace DeinterleavingCommand
4 % Interface SM2ATEnterface

% Header HeaderCmd
Nnhance ek
4 Integer Type Messagel ength

4 Message IntCmd

Stimulation Ul

adapters to encode
byte-streams

C/C++ generator

4 Messsge ChangeTPStateCmd

debugging e

4+ Field sequencer_type
4 Field sequencer id

nt (@) \

v Mode|2Text Q Aeceleo
4 Composite Type tCemparaterParams
& Message TaskListCend ‘
+ Message ResdRegisterCmd

*essage WriteRegisterCmd
EvecuteCmd A [Wireshark
File Edit View Go Capture Analyze Statistics Telephc

oAmsE BERXD I Qesq

Filter | botnetd1

No. Time Source Destinal
4 0.002311000 192.1

0021537000 Ca Interface Control
Lo gt documents

9 0.027928000 Z.o.iii.asi.ild 192.1

& Frame 4: 57 bytes on wire (456 bits), 57
G Ethernet II, Src: Vmware_c0:00:08 (00:50:
@ Internet Protocol version 4, Src: 192.168
@ Transmission contral Protocal. Sre Port:

Wireshark dissectors
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solution: generating artefacts from
interface models

' | IIT | [ TI ‘
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«Stereotypes «Stereotype» «Stereotypes «Stereotypex» «Stereotypes «Stereotypes
Board MemoryRegister Group Memory e Grouplnstance Field
=+ offset: In... | &1 +accessMode:... &l + size: Integer[0..1] =+ size: Integer [1]

=+ multiplicity: Inte... | | & +isSigned: Boole...

—

«Stereotypes «Stereotypes
Register MemoryElement

T; ““““ l—lP 1‘ﬁs |

«Stereotypes «Stereotypes «Stereotypes
Registerlnstance Memorylnstance BoardSectionlnstance

BoardSection
= +addressWidth: L.,

&+ memoryType: e... S
&= + dataEndianess: .. : |_

- Register: ReglEnaFilte.

I
|
«Stereotypen» :
|
|

Properties

e o

Field Offsets

?&n 1 1
1 2]

S 1 3]
Doa 1 4

. = Ampi 1 E|
GateD 1 5|

Interface stubs to 2 3 3

C / VHDL adapters
to encode/decode
byte-streams

emulate ISA
and I/O bus

Interface Contro
documents
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some example numbers

Board Interface C++ memory accessors (drivers)
~ 20 k lines of code

ICD with basic info (address,
size, type, access mode, ...) =~
~100 pages doc

100 registers

500 bit-fields
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- experimentation of the Arcadia method to support
specification and design of a System of Systems (So0S)

« Conclusions
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integrating functional models to synthesize a \\\\\“‘“ @S3
software verification facility (experimental )

automate
functional
flow-down
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Software interfaces

_platfc:rrm based
A" design models

Glue code Behawnral —

il |_:|-| T'-'
Simulink Code-gen

1 "‘—r_"‘lp' .IL-”:]‘-" = | -

OMG® QVT
—* e ) Slmullnk fun::tlnnal model
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experimenting the Arcadia approach \\\\“““ @Ssa
in ELT innovative programs

ARCADIA

PROJECT-OBJECT: to develop a multi-domain

System of Systems(So0S) supporting armed forces
in the operations of integrated Missions.

INNOVATION GOAL: formal representation of
the SoS to be automatically validated for
consistency and completeness of the design

CHALLENGES:
« intrinsic scalable and reconfigurable shape;
« high number of actors (internal and external);
« high number of program’s stakeholders.
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Outcomes of the experiment

o @ ®
'.' TEAM TRAINING: two-weeks training for 6 System Engineers

SE PROCESS: modeling performed in accordance to qm

SE processes specific for a document-centric SE workflow. feeh
Not fully MBSE but precondition for a stepwise transition

SoS design

UTILITY: investigated architectural issues just by
validating the model:
i.e. Functional Exchange not supported by any Physical Link
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example Operational-Capability diagram

Tactical «i» C mission
system ti
Awarness preparation
4 management
/ « ] » @ miSSion
@ restitution

? SA/| Commander maintenance
Intelligence Lab
SA

Tralning @ —>© recording {C}

/ | \© p|ayback
?SA Crew ;
environment

@ monitoring  «i» selft—adaptation to
/ i

em environment

Platform
| Protection

counter-
\@ measure ?
H . q
% SA | EW Operator | production V

em emissions

EW Threats

Noise
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example System Architecture diagram

Bl = detect,track, classify and identify radars (incomplete)
E]™ detect,track, classify and identify lasers (incom plete)
Bl "= detect track, classify and identify IR sources (incomplete)

i1
{IIR seeker . System
® IR seeker- ~i ~ -~ &~ DAemissions
detect Target DR waves list

i3 Laser seeker

[

®

® Laser seeker- D9 aser
detect Target

> | . -
€> merge S __compile
results Picture

Radar

- Radar- detect
Target
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Conclusions and Take away message

This experience demonstrated that adoption of formal notations:

1. can support System Engineers at least in the following activities:

- to reason about architectural choices
- to reason about the impact on Stakeholders
- to catch design errors in early design stage (front loading)

2. contributes to automate processes providing a Return on Investment
3. can be a first step toward more structured MBSE solutions

4. is a key for more enhanced communication.
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