" MathWorks

Digital Transformation with Model-Based System Engineering,
Design and Early Verification

Technical ——

N . Computing =’z
auro Fusco, Application Engineer, iR
MathWorks Camp 2022 ‘W’

8th September 2022

© 2022 The MathWorks, Inc.



4\ MathWorks

In summary, digital engineering practices can make standards
compliance easier and reduce costs

Seek single source of
truth using digital
thread

Automate tasks that
machines are good at

Improve efficiency
without skipping
verification steps

DIGITAL THREAD: Traceability Between Requirements, Architecture, and Design
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Who is talking ??

e N T o Y e Y A P g N ¥ N T Y T N NI Ve e
Mauro Fusco, MfthWorks

Mauro Fusco is an application engineer at MathWorks in Eindhoven. He specializes in supporting customers in aerospace,
automotive and machinery industries for the establishment of Design Automation workflows. Modelling, simulation, testing and
implementation through automatic code generation whilst conforming to international standards are key aspects of his work.

Before joining MathWorks, he worked at the Dutch Organization for Applied Research, TNO, focusing on the domain of Controls for
Cooperative and Autonomous Driving. Mauro has a Masters in Automation Engineering from the University of Naples Federico II,
during which time he conducted research at Eindhoven University of Technology. His technical expertise lies in the areas of Control

Theory, Nonlinear and Network Control and their implementation.
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Some industries use established international standards

Medical Devices: IEC 62304 Aeronautics: DO-178C
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The standards typically establish “what” should be done, but not
necessarily “how” to do it
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The standards typically establish “what” should be done, but not
necessarily “how” to do it
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Over time, our standards-driven process has become document-
Intensive and challenging to manage
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Digital engineering addresses the disconnects in the traditional
development process

Architecture
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The vision for full digital engineering is different from what we have

done before

Modeling and
simulation

Propulsion Thermal Payload

Attitude
Controls

Software Structures Power

Communications

11



| 4\ MathWorks

Establishing a digital thread makes standards compliance simpler and
easier
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Establishing a digital thread makes standards compliance simpler and
easier
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Establishing a digital thread makes standards compliance simpler and
easier
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easier
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Establishing a digital thread makes standards compliance simpler and
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Automation should be approached thoughtfully

4\ MathWorks

What are machines better at than humans?
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How do we create the Digital Thread?

4\ MathWorks
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Model-Based Verification and Validation Workflow
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Complete Model-Based Design with V&V

requirements

Software textual
requirements

Software
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Executable
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VY
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production
code generation

Generated
C/C++ code
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Integrated
object code
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Code Generation

Compilation

and Linking
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Integrate with requirements tools

External
Requirements
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... and author requirements
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Architecture Design
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PROJECT SHORTCUTS Search Documentation
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Architecture Development

Define, analyze and specify architectures
and compositions for model-based
systems engineering and software design:

- Define profiles to capture properties via I
stereotyping I L
- Allocate requirements to architecture
- Define behaviors and keep them =hesaapes ety
synchronized with your architecture P R
- Perform analysis —
24
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Complete Model-Based Design with V&V

System
requirements

afe textual
requifements

Software
architecture

ExecBtable
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Requirements

Authoring
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Modeling

VY

Model used for
production
code generation

Generated
C/C++ code
CUDA, HDL

4\ MathWorks
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object code

Code Generation

Compilation
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Requirements and Design Traceability

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
. e
. G
R3

External Requirements
Design in Simulink
v crs_req
vE Importl References to crs_req.docx
&1 Overview
vE 2 System overview |
& 2.1  System inputs —
& 2.2  Cruise control mode indicator
“° 2 Truise wet-twmodes oo | Fk -
Traceability ' I—
Authored Requirements ) | - F —= 1
v [ crs_req_func_spec B DD@@ T
vE 1l Driver Switch Request Handling R = e
1.1 Switch precedence -~ DDDD N
€1.2 Avoid repeating commands 4 - DD o
1.3 Long Switch recognition
1.4 Cancel Switch Detection
,“ Rl Tl Qe e e R

*
‘e, o
«
N E NN NN NN SN NS NN NN NSNS SN NN NSNS SN NN NS SN NN NN NS SN SN NN NS SN E NN NN NN NSNS NN NS NN NN NSNS E NN NSNS NN NSNS NEE NN NSNS E NN NS NSNS EEEEEEEEEEEEEEEEsnEsnmmnnnnt®

27



4\ MathWorks

SIMULATION MODELING REQUIREMENTS X
= i V
5] @ Leh & Import 53 Highlight Links @ o
Save All  Reguirements New 5 Open [ Layout ~ Check Share
v Editor Requirement Set Consistency ¥
FLE | EDIT | _REQUIREMENT S E_ | ANAYZE | SHARE A
BMS_Software Property Inspector X
@© |([PaBMS_Software » ¥ | | Requirement: 3.4 BMS — Balancing Logic
. %ﬂ Details
Q cu"h‘w“m‘:ﬂj':naml}ummh
o - v ﬁm
E3 (s veut oo c =
oS gt | = M ‘::“ NGt SwigRequese State_Machine ¢l i) Type: Functional hd
= B [ Ll @ ‘SaleRaqueat S| meRaquest PosCantactorChgrCmd it (3 eats_output Index: 34
) BMS_Output
=) Current_Pawer_Limits_Caic e PreCharge wC Custom ID: 3.4 BMS — Balancing Logic
& hargeCumantiir HepoaticlarCap Summary: BMS — Balancing Logic
= Oy | o o =
<l > — tD — Joociean Description  Rationale
l:\ | bockean . .
) NegC:
T — 3.4 BMS — Balancing Logic
MinCalvot —alyecainn ” [ ﬁ:xs_mm
P staspf - 3 x
State_ Machne The Balancing Logic must securely close and open the contacts to the
charger e inverter
SOC_Estenation =)
BusManagement
BMS_State_Erum BAS_State
socl single
<socs
BMS_Inpust
SOC_Estmason
State Bafancing_Logic
P bociasn |1x6]
' Bdics BacCmd
gt
(@ D e m
L!j Batcing Logic Keywords:
» =IE *Copyright 2018 - 2019 The MathWorks, Inc." ¥ Revision information:
[ | SID: 47
Requirements - BMS_Software X Revision: 9
[} Updated on: 22-Ott-2019 20:34:39
View: |Requirements v | | [% || 3 & B (= Created by:
Created on: N/A
C ~
Modified by:
A ;
E 1 1 Overview Overview Modified on: 21-Ott-2019 20:39:48
) 2 BMS Interfaces BMS Interfaces Show It doasnent Unlock
v g 3 3 BMS Architecture and module specifications BMS Architecture and module specifications
E 31 3.1 BMS - Main State Machine BMS - Main State Machine ¥ Links
> B 32 3.2 BMS — Current Limit Calculation BMS — Current Limit Calculation No links
E 33 3.3 BMS - SOC Estimation BMS — SOC Estimation
ET 34 3.4 BMS — Balancing Logic BMS — Balancing Logic
4 bj StateMachine_Reguirements v » Comments
Model Data Editor
Ready 75% FixedStepDiscrete

28



4\ MathWorks

Requirements Implementation Status

Requirements - crs_controller & X
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Testing in Simulink

|solate and test components

Manage and organize tests
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Test Early at Unit and System Level

Unit-level simulation

4\ MathWorks
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Integration of trained Al models into
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System-Level Simulation
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Manage Tests and Automate
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Traceability Requirements - Tests
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Track Implementation and Verification

Requirements - crs_controller
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Respond to Change — Impact Analysis

B Requirements Editor
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Complete Model-Based Design with V&V
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In summary, digital engineering practices can make standards

compliance easier and reduce costs
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