MathWorks
AUTOMOTIVE
CONFERENCE 2023
Europe

Software Architectures and Virtual
Integration in Model-Based Design

Mani Ramamurthy, MathWorks

] :!
- y

4

/} MathWorks’



IEEE Spectrum This Car Runs on Code Q Typetosearch Explor

() Search Medium

It takes dozens of microprocessors running 100 million lines of code to get a premium car out of the driveway, and this software is

get more complex

Software isn’t just running our
2 O O 9 vehicles. It’s defining them

@ Taylor Armerding - Follow
®% published in Nerd For Tech - 6 minread - Jun 26 2 O 2 3




NMath\Alarlre AL ITONNTIN/E CONEEDENCE 2023

E/E architectures

yesterday today tomorrow
= N

E— [
L ][
- =
=

Modeling & Design Tools

N .
OutputTorque  |Ress
o

ImpellerTorgue
EngineRPM
>
PlatResdits
T
T g
T s k- /
o5
B
al

‘Copyright 1980-2022 The Math\Works, Inc.



MathWorks AUTOMOTIVE CONFERENCE 2023

How is the Simulink Platform staying relevant?
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From Models to Architectures
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'Software architectures are abstractions to get good implementations

Facilitate the creative Conform to digital Implement leveraging
design process engineering Model-based Design

Architectura
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Component-Port-Connector Diagrams are standard representations
of Software Architectures
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System Composer Is our platform for
Architecture Modeling
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PLAN
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Expressive & intuitive
architecture modeling language / |
Architecture RELEASE Operatl
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Seamless and Collaborative
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Simplify the complex with Filters and
autogenerated Views
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Define behaviors and keep them
synchronized with your architecture q Sequence Diagrams
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Link design models to components I

and ensure consistent interfaces
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User Workflow for Software Architecture Modeling
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Represent Internal Behavior of Components as Functions
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Define behaviors and keep them
synchronized with your architecture
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Class Diagram shows unique types of components
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Trending to Service-Oriented Architecture (SOA)
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Service-Oriented Architecture (SOA) Design

LaneGuidanceArch

LaneGuidanceMgr

O
LaneGuidanceApp

nav C @ nav

Fun .) RadarData . List

Gr

Describe SOA with
System Composer

objects = List(res,sigma)

Implement detailed
components with
Simulink

A
class RadarDataT -
Build
i
public:
virtual wveoid List{real_T, real_T, real_T *)}
i
hy

virtual ~RadarDataT{)
= default;

Generate code with
Embedded Coder

20



MathWorks AUTOMOTIVE CONFERENCE 2023

MathWorks AUTOMOTIVE CONF=F Shos= 2072

ISequenlce Diagram for Client-Server Eg&%%lé

| Math\Works AUTOMOTIVE CONFET RS0~ """E

Specify and Simulate QoS Communication Attributes that Exist RELEASE
for All Platforms

Ve Bromear__ T [ Seauance Diagram Proper
o =] Hame Walue
= SrabsFedalSgna SratslightaWansge LsMAsarfoplghl FaghtFie ar S lcplught ThesSioplaght  Mam
-« Port elements have s . : - - vana  [Semmeatin
C universal attributes that BiEesmen call | | i i
& . H H H
5 bl exist for all platforms !
= = o _
7] tpe_sontroller — — Queue properties :
a (A= e el H
l g | 7o ! — Error status !
o {\1- : ;"‘.‘:“M; B ! :ml
=) 1 bt 1 : - Model Cary porents i E
! ;...a. s : = 3 B Tun
- e = U = | :
- TP — | ] e 1220 1 _________________' = 1 9-: ' : >
L. A i = 1 ——— :‘_ ........................ 1: ............. -
- Attributes extensible = responge " :
Interfaces - ow o ™ s :
V- (N IR = e o with stereotypes | .
= — e e
- — i 0
Interface Editor #

OMF DA UR O

| FUTUR E MathWorks AUTOMOTIVE CON FIEU‘.'IL‘D'I'iE

Adapt Algorithmic Models to Architecture Interfaces RELEASE Test Harness Workflow Creates Software Compositions to SimuRELEASE
T - a Component
a TEST HARNESS
5 I; _______ \I pussmated Pating et P ,; #3 Tast Hamsss: tpe_santraler_Hamess o =
al ey ‘: 1 o o P = Add test harness
| e ] == —
1 P | = metvsacty [y -'-l("..'_\. . ) @
! | = I NZ. : . | COMPONENT s e
i | o | I i I S S Y e Ll s Corpmat g oy : o
:\ -'-‘""“ .r: = Compoler \ Paiah ;: :i . E "'_: ‘ :‘. = “ 2 i = 2 Sl "™ -' : St Samerter e
_______ o { P = — x|
— — 1 I s =
e DDS 1 | e T ee_sentrsie =
» il : : —. -
Algorithm Model with Message Blocks | Lo . -
[| 1 -
N . swan | L o *as ;
Com ponent Perspective - Stub server fUn(’:tiDnS to test Client Calls 21
25 T 2%




| AUTOSAR Architecture

sc3 O
sct a sca O
v
» - QOu
Bus » <
b @ine v o
- I~ v
SC5 " S
sc2 O
Bus b InBus3
.
sl P InBusd

R2019b

Strong support for
Classic

- Growing support for
Adaptive

Software Architecture

#g slexMulticoreExample six ~ System Composer

(=] slexMulticoreProjectprj =
5] slexMulticoreProjectprj
=] QuadMBD_followball_sim_prj . = == .

(=] scExampleSmallUAVArchitectu. .

=] slexMulticoreProject.prj

Software Architecture Model A

s

=] QuadMBD_followball_sim_prj
5] QuadMBD_followball_sim.prj

E| slexMulticoreProject.prj S e
-0 -

Projects

@ From Source Control ~

Learn

[*@ Simulink Cnramp
£p Stateflow Onram

Software Architecture
By The MathWorks, Inc.

Create a software architect.
ports, and connectors. Use

components.

R202 1 a

Embedded coder
support package for
Linux emerging

MathWorks AUTOMOTIVE CONFERENCE 2023

YEvd

O,

DDS Application

an é?mulmk Library Browser - (| X

R Bro @ e @

.

<« | limit

DDS Blockset

Simulink |
Aerospace Blockset b @ 5 @

» AUTOSAR Blockset DOS DoS
DDS 8lockset
Deep Leaming Tootbox
> Embedded Coder
Fixed-Point Designer

Take DDS Sample  Write DDS Sample

R2021a .



SIMULATION DEBUG

@ 3 - @ [ | % | & % 0O

@ é"’; Stop Time

B B

w LT > s
Model = -°mPare Functions Interface | Import base Profile Apply Software  Reference Variant Sequence | Architecture Analysis  Allocation | Update
Advisor = T Ervironment ~ Editor Editor | workspace Editor v Stereotypes || “OMPONE.. Lompone.. LOMpone.. Diagram Views +  Model = Editor + | Model =

DESIGN PROFILES COMPONENT DIAGRAMS VIEWS COMPILE SIMULATE
untitled F=  Property Inspector ® x
® untit|ed - Architecture
Architecture Info
& untitled
[EE] v Main
. MName untitled
[
G Sterectype Add.. ~
D * Parameters Select w
No parz ned
=
&
]
» | ik
Interfaces ® x
|| ~| |c‘._r.31 | |Eg - || Search O\Il Dictionary View - |
Type Dimensions Units Comiplexity Minimum Maximum Description Asynchronous
I# untitled.slx

100% FixedStepDiscrete

Ready



MathWorks AUTOMOTIVE CONFERENCE 2023

Towards Virtual Integration and Simulation
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Shifting Left: How far can you go?

Verify that the integration of Verify the integration of Validate the integration of Validate the integration of ALL
Application SW components Application SW with Basic one/few ECUs with simulated ECUs, Networks, Sensors and
into full Application meets SW or real sensors, actuators, Actuators

functional requirements networks

(—— (——
e
MIL SIL HIL Vehicle

_ .

Key takeway: use each test facility where it adds value during the process -
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V-ECU: Use cases vs level of fidelity
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V-ECU with Simulink: Focus on where the complexity grows

4 Simulation Tasks

and Test Cases Model + Code:

73% of you are are using a model-based approach or a
mixed strategy for software integration (MAB Poll)

Level 2 V-ECU
Simulation BSW

Level 1 V-ECU
Application Level

Level 0 V-ECU
Controller Model

Level 3 V-ECU
Production BSW

Level 4 V-ECU

Target Binary g*\ I : ?
Real ECU

CPAER g L g

Closeness to reality

>
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' Core capabillities we are focusing on

class Component final

Component(Component const&) = delete;

») "Ready-to-run’ el "Ready-to-run’
Model Components e L Code Components

,g.;/

Automated assembly Performant Simulation!
of models

28
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Protected Models evolve to Ready-to-run models for integration FUTURE

ELEASE

’a ’a Package verified component for ready-to-run @

naViiation eniine El Create Protected Model: vdp A X
Description
Create a deployed model (.slxp) that allows read-only view, simulation, and code generation of the
O model with optional IP protection. " ] ]
v Protect the IP < —pIn1 na\”gatlon Out]—’ +
q I Allow users of deployed model to ISEcurity ‘e gl

|
= = ~ - : Enter passwor... | |Re-enter pass...
navigation.slxp engine.slxp Cpsnleadontviisiciimodsy | 4
Enter passwor Re-enter pass enagine
¥ simulate al 9 Out1
Enter passwor... | |[Re-enter pass... ‘ 4 .
V| Use generated code In filter Outt
Content type: Obfuscated source cod ~ = é
Use generated HDL code -
Tunable parameters for simulation Beneflts
= Flexibility

=  Performance
= Encapsulation
=  Multi-instantiation
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'FMUs continue to provide an avenue to make ready-to-run

arts from other tools

=  Simulink supports FMI 3.0 Import in R2023b

[Pl Block Parameters: FMU PR

fmi3_add_mult_arrayOfBus_1 [Co-Simulation, v3.0]

FMU Block
) o ) ) (FMU does not have a description.)
v<fmiModelDescription fmiVersion="3.0" gene
{d5398e50-e135-2a2a-5306-cbabeebcf7d5}" mo
nstantiatedonlyOncePe
odelIdentifier="fmi3 Parameters | Simulation  Input
JtartTime="0" stepSize . . .

Output

<Annotatlons>
iy i Vv Enable event mode

</Annotations>
v<ModelVariables>
v<Intl6e causality="input" description="1I
valueReference="9" variability="discret q
<Dimension start="2"/> Debugging

<Dimension start="3"/> Open FMU Working Directory.

<Dimension start="4"/>
</Intl6> Enable FMU debug logging Redirect debug logs to:
v<UInt32 causality="input" description="
variability="discrete">
<Dimension start="3"/>
<Dimension start="4"/> v v v v v v
</UInt32>
v<Float64 causality="input" description=
valueReference="0" variability="continu
<Dimension start="2"/>

Communication step size (-1 for inherited): -

OK |Cancel Help

<Dimension start="3"/>
<Dimension start="4"/>
</Float64>

FMU Co-simulation with event mode eliminates one-step delay

s [l Block Paramets
E
| Feedthrough [Model Exchange, v3.0]
@ FMUBlock

(FMU does not have a description.)

Parameters = Simulation = Input  Output

Filter by name or description

Parameter Value [ unit | Desc
»f [R] Floatsa fixed parameter o
[R] Float64_tunable_parameter o
»
»
oK Cancel Help

ription

Floalaz_coninuous._input

Floal32_discrete_inqut
Feedihrough [Model Exchange, v3.0]
Floal64_coninuous. input

N A A

Fioal6a_discrete_inqut

Floata2_continuous_output

Fioat32_iscrete_output|

Floate4_continuous_output|

Fioat6d_discrete_output

TWOT

100%

booe @
broe D
e o
e @

auto(VariableStepDiscrete)

Jopadsu) Apadosy

wew BrUwae - USSP A P

| B oal

= | & | # | Location: [)_ah-taocheng isipri/_fmurg3s7fsds1b: iption.s

modelDescription.xmi

is XML file does not appear to have any style information associated with it. The document tree is shown below.

l<fniModelDescription fmiversion="3.6" modelName="Feedthrough* generationTool="Reference FHUs
(4151180) " instantiationToken="{8c4e8lof-3df3-4a00-8276-176fa3cofo0s} ">
<ModelExchange modelIdentifier="Feedthrough® canGetAndsetFHUState="true"
canserializeFMUState="true" />
<Cosimulation modelIdentifier="Feedthrough" canGetAndsetFMUState="true"
canSer1alizeFMUState="true" canHandleVariableCommunicationStepSize="true"
providesInternediateUpdate="true" canReturntarlyAfterIntermediateUpdate="true"
fixedinternalstepsize="0.1" hasEventtode="true"/>
v<LogCategories>

<Category name="logEvents” description="Log events"/>

<Category name="logstatusError* description="Log error messages"/>

</LogCategories>
<DefaultExperiment startTine="@" stopTime="2"/>
v<todelvariables>

64 “tine' valueReference="0" causality='independent" variability="'continuous"/>

<Floata2 "input® start="0"/>
<Float32
<Float32
<Float32
<Floates Floate4_fixed_parameter” valueReference=
vsr;ablllty"‘f}xsd” start= 0" />
<Float6d nane="Float64_tunable_parameter" valueReference="6" causality="paraneter®
variability="tunable" start="0"/>
<Float6d nane="Float64_continuous_input" valueReference="7" causality="input' start="0"/>
<Float6d nane="Float64_continuous_output" valueReference="g" causality="output"
initial="calculated" />
<Float6s name="Float64_discrete_input® valueReference="9" causality="input"
variability="discrete" start="07/>
<Float6a nane="Float64_discrete_output" valueReference="10" causality="output"
variability="discrete" initial="calculated"/>

</ModeVariabless

<Modelstructure>
<Output valueReference="2" dependencie:
<Output valueReference="a" dependenci constant"/>
<Output valueReference="g" dependenci constant"/>
<output_ valueReference="10" dependencies="9" dependencieskind="constant"/>
<InitialUnknown valueReference="2" dependencies="1" dependenciesKind="constant"/>
<InitialUnknoun valueReference="4" dependencies="3" dependenciesKind="constant"/>
<Initialunknown valueReference="8" dependencies="7" dependenciesKind="constant"/>
<InitialUnknown valueReference="10" dependencies="9" dependenciesKind="constant"/>

</ModelStructure>

</ fniModelDescription>

"2" causality="output"/>
causality="1nput" start="0"/>
4" causality="output"/>
5" causality="parameter”

1" dependenciesky constant"/>

FMU Import block loading FMU 3.0 modelDescription file

*a

untitled * - Simulink prerelease use A 1 ¢

SIMULATION
EG:‘ =} Open ~ Stop Time qg @ DD =
= - : REVIEW
ey E Save LIBRARY | PREPARE ||Normal J Step B Step e
~ = Print ~ @ Fast Restart Back ~ - Forward
v v v =
FILE SIMULATE =
& untitled EH| v
g (=]
% | © [Pauntitled = |
& 3
o <
2 R
& g
=
=]
[ FMUBInary FMUBinary
—=———»{Binary_input Feedihrough [Co-Simulation, v3.0]  Binary_output f——————»=]
O
>> bin = Simulink.FMUBLnaryType
@ bin =
FMUBinaryType with properties
» % %
Description: ''
Ready DataScope: 'Auto’ 100% auto(VariableStepDiscrete)

FMUBinary data type

HeaderFile: "'

MathWorks AUTOMOTIVE CONFERENCE 2023
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FUTURE

Connector for ready-to-run code components RELEASE

Virtual System

Docker Container 2

oy
@

- —
- -
R ——
7 —
-
—
o
e B
= _—
R Pt ok elon gk —|~“W
e "
™ | | T

A 4

- —
Connector- g

Well-defined
Interface

Docker Container 2

] —
Connector- g

Well-defined
Interface

vVECUBehavior.so

(dependencies)
libNeuralNet.so

vVECUBehavior.so

(dependencies)
libNeuralNet.so

Unit testable, distributable containers
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Auto model assembly Is being emphasized in many workf

MathWorks AUTOMOTIVE CONFERENCE 2023

OWS

WaASELES L|brary %

Head Gripper — 2 point

E$ETE

Rescuer

Heat Sensor Light Sensor | Wheel - XL |
GPS Gripper— 5 point Smoke Sensor
$ ==

(©)
l
©)

Display Module Hmﬁ
T (S =L
B it r

= =

Picker

&
9) mm

Selection of Parts Model Assembly
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We are creating a “Feature-Driven” Approach to picking the Parts to
Assemble into Models

Select Vehicle features & characteristics

4\ Virtual Vehicle Compaoser - ConfiguredVirtualVehicle.m - O o
COMPOSER
L1 | [A¢] o
O H K B B 5 =&
Mew Open Save | Setup Dataand Scenario Logging | Virtual Vehicle | OFERATE | ANALYZE | LAYOUT
- Calibration and Test
- - - .
FILE COMNFIGURE BUILD A
Virtual Vehicle Setup Data and Calibration Scenario and Test Logging
= PassengerCar -
Chassis T Chassis: ['-.-’ehicle Body 30CF Longitudinal hd
- Tire
Tire Data
~ Brake Type FParameters
Brake Control U -
+ Powertrain . )
Paramete... |Description Unit |Value
= Engine
) 1 FlntWehMass |Vehicle mass kg 1623
Engine Cont
o 2 FPinivehDst. . | Longitudinal distance from .. |m 1.09
+ Transmission
o 3 FPintvehDst... | Longitudinal distance from ... [m 1.7
Transmissior
- Drivetrain 4 |PintVehCG... |Verical distance from cent... [m 0.3
Eront Differa 5  |PIntVehinitV... | Vehicle initial vertical position [m -0.3
Rear Differes i FinivehinitL__. | Initial longitudinal velocity m/s 0
P P - : PP ——
1 . .
. MathWorks Virtual Vehicle Composer v

Reference Generator
Constant Radius

Help

Your Component

Under Test

Driver Commands
Predictive Stanley Driver

o

e el

¥

Contrallers

Environment

Sensors

o
Passenger Yehicle

Copyright 2018-2023 The MathWarks, Inc.

Assembled Vehicle Model
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|
Towards a fully distributed *

fmi

Verified
Components

MathWorks AUTOMOTIVE CONFERENCE 2023

model and code” integration framework

Software Model

Select a Solution to Assemble

RoamingRobot @ = Carrier Robot
< I)
oo @)
O =]
Guide Robot Serving Robot
{ -
(g) (5]
| ¥ *

Virtual Feature
Assembly

— Fa—{e

= o v N Y Iy .mmi
B S O S U A i
-------- =
"AED ucieon Lot ] . et
A
Interactive
Model

Virtual System

fmi

System Composer
Model

Develop software
functionality in context of
virtual system

"»:) Simulation

N é/ Tests
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Design Models

» »
»

Requirements

S

Software Architecture in

System Composer

AUTSSAR ___J/ N—

Software Frameworks Virtual integration
& SOA
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How are we taking this journey?
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SDV: Integrating Simulink C++ Code
in Android Automotive Environment

[{] zeexr

Use Model-Based Design to Develop SOA
Application Running on In-vehicle OS

Rémy Brugnon, Renault Group

. FENR TECHNCLOGY LMITEL
>8]

&'V
’

METANCOS AUTONMOTIVE CONFERENCE 2023

Context: Renault SDV Project preparation PP 1
Archemctsre
N usaL igv v @ few - e
- Renault strategic collaboration with awrteras '
Retat
Google: Android Automotive OS replaces Scowere “‘531 —t } .
Adaptive AUTOSAR shuse “ g - - -
: </> L wr
« New Interface Definition Language: STy i 1 : 2 .
h Sk .
Android IDL (used for IPC generation) AR Svat @ MathWorks '
* Coce Gee
« Service Oriented Architecture maintained l —
(Request/Response methods => RPC, ' . > - - a
events => RPC + Callbacks) || _tj _‘1 androld - O o _
Agphcador

RAC Rarvcle Procechrs Cal
1P Inter-Srocess Comsranicaon
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Ind UStry praC’[ice exam pleS MATLAB/Simulink-based Cross-Domain SiL platform

Overview and context of SiL platform

Cross-Domain ADAS project

FORD AUTOMATED SYSTEM SIMULATION TOOLCHAIN (FASST) Coss B ceh SRS SE ehitotniet - . @
co-simulation platform | .' DASy @ZEE:: 2 v Rear
~GitHub

Vehicle controls

Radar

Feature model BOM
(Bill Of Models)

MODEL REPOSITORY 1
Populate ECU contents from functional Front @
Build \ software model developers Radar *
FASST USER system/skeleton Ty
model ‘ Brakes T

Include components f

=
——— - ] -
s ADAS_Feature @ __::A ) ——— —

. FASST

& ——

~— - == MathWorks provides necessary building blocks and interfaces to be used as a foundation for SiL platform
I I o - ___VEHICLE
= « VDBS ] Bosch Engineering | BEG/ESD2 | 2022-09-26 ®
m—;—i;— . CarSim MathWorks Automtive Conference 2022 (@) BOSCH
L « Carmaker — o
4‘;— L .
I W == —— -
\/ VALIDATION OF AUTOSAR SOFTWARE VIA VECU
GOAL OF VECU - ALIGNMENT INTO V-CYCLE DEVELOPMENT PROCESS
4\ MathWorks @
FASST reduced virtual vehicle build from months into minutes vl A e
o er p juire-
% %‘ ments
30

kA
5%
i)
%
%
[

MIL : Model in the Loop
SIL : Software in the Loop

PIL : Processor in the Loop %
RPT : Rapid Prototyping * Automatic Code
HIL :Hardware in the Loop Generation

Can be used for integration tests before going to the HIL

Simulation of complete ECU Software (Production ASW-Code) n

a Miexzey Konstantin, Vivek Venkobarao, Vitesco Technologies, Public TEGHNOLOGIES.


https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/company/events/conferences/automotive-conference-michigan/2020/model-based-agility-with-ford-automated-system-simulation-toolchain-fasst.pdf
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MathWorks
Z-1[ j
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Questions
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