MathWorks
AUTOMOTIVE
CONFERENCE 2023
India

Architecting Software Defined
Vehicles through Model-Based
Design

Mani Ramamurthy, MathWorks

y.,--v
~l

A

/} 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 ITOINNTIN/E CONEEDENCE 2023

E/E architectures

yesterday today tomorrow
= s

Evolving Modeling & Design Tools

Modeling an Automatic Transmission Controller
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How do we align SDV Development Practices with Model-Based

Models evolve into Architectures

Simulation evolves into Scalable
Virtual Integration

« Ecosystem evolves to support new
workflows
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From Models to Architectures
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'Software architectures are abstractions to get good implementations
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System Composer Is our platform for Architecture Modeling
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Simplify the complex with Filters and
autogenerated Views
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Define behaviors and keep them
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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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Service-Oriented Architecture (SOA) Design

LaneGuidanceArch

Run

LaneGuidanceMgr

5
LaneGuidanceApp

nav C @ nav

... and much more in terms of
workflows (e.g. sequence
diagrams, QoS, test harness
generation, etc.)

&

Fun .) RadarData . List

@F

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 *)}
1

e

virtual ~RadarDataT()
= default;

Generate code with
Embedded Coder
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| AUTOSAR Architecture
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Deep Technical Talk

Software-Defined Vehicle

The Evolution of Simulink Track

for Service-Oriented
Architecture (SOA)

Shwetha Bhadravathi Patil,
MathWorks
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Towards Virtual Integration
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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, e ————
> . ]
MIL SIL HIL Vehicle

_ .

Key takeway: use each test facility where it adds value during the process )
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V-ECU with Simulink: Focus on the development process where you
first hit complexity

4 Simulation Tasks Level 4 V-ECU
and Test Cases st .
Models and Code

Target Binary !» ;
Level 3 V-ECU
Production BSW Real ECU
Level 2 V-ECU e 3
Simulation BSW PTG T
e
=

s”f’i’ﬁ,"}'ﬁ” T 4
IR TTNeREasl

Level 1 V-ECU
Application Level

)

Level 0 V-ECU
Controller Model

Closeness to reality
-
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Simulink Is a Simulation Integration Platform
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' Core capabillities of the Integration Platform

=

(») "Ready-to-run”
b
Model Components
[(RirdataSystem |'|.an
R G R

Automated assembly

of models

Component(Component const&) = delete;

// ssignment Operator £ ”
Component& operator= (Component constd) & = delete; ea y— O - rl I n

// Move Constructor

Component(Component &&) = delete;

// Move Assignment Operator

Component& operator= (Component &&) = delete;

=

,g.;/

Performant Simulation!
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Protected Models evolve to Ready-to-run models for integration

|

Inside/outside the org

’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 DRSS SOl iiewoiads | 4 .
Enter passwor Re-enter pass
¥ simulate al engine Out1
Enter passwor... | |Re-enter pass... Al 4 filt }
lnter
Qut1

V| Use generated code In
Content type: Obfuscated source cod ~ = é
Use generated HDL code L o N
Enter passwor... | |Re-enter pass
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: "'
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Connector for ready-to-run code components

Virtual System

o’
@

Docker Container 2

~ —
- -
R ——
. .
-
S
-
e e
= —
S == Iv~
= i
™ | | T

A 4

- —
Connector- g

Well-defined
Interface

Docker Container 2

] —
Connector- g

Well-defined
Interface

vVECUBehavior.so

(dependencies)
libNeuralNet.so

vECUBehavior.so

(dependencies)
libNeuralNet.so

Unit testable, distributable containers .




Automated model assembly is being emphasized in many workflows

@L'b”’"y E ES_

Head Gripper — 2 point

E$ETE

Heat Sensor Light Sensor | Wheel - XL

&=
GPS Gripper— 5 point Smoke Sensor
®) C
%55 =liil=

= W@ W
o ' e

-

—
e
=

Gripper { 'ﬁ
=

Selection of Parts

Model Assembly
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Automated model assembly is being emphasized in many workflows

@L'b”’"y E ES_

Head Gripper — 2 point

E$ETE

Heat Sensor Light Sensor | Wheel - XL

&=
GPS Gripper— 5 point Smoke Sensor
®) C
%55 =liil=

= W@ W
o ' e

-

—
e
=

Gripper { 'ﬁ
=

Selection of Parts

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

4\ Virtual Vehicle Compaoser - ConfiguredVirtualVehicle.m - O o

COMPOSER

o= 55 ||

Mew OCpen Save

B B 2 =

Setup Dataand Scenario Logging | Virtual Vehicle | CFERATE | ANALYZE | LAYOUT

- Calibration and Test
- - - .
FILE COMNFIGURE BUILD A
Virtual Vehicle Setup Data and Calibration Scenario and Test Logging
= PassengerCar -
Chassis e Chassis: ['-.-’ehicle Body 3DOF Longitudinal v Visualization
- Tire
Reference Generator N
Tire Data Constant Radius Prediciive Staniey Driver >
~ Brake Type Parameters B

Erake Control U

¥

[ B I > NS

+ Powertrain . ] o e
- Engine Paramete... |Description Unit |Value - m— .
. 1 PIntVWehMass | Vehicle mass kg 1623 Envirenmant m—
Engine Cont ¢
o 2 |PIntvehDst. . |Longitudinal distance from . |m 1.0 —‘ Fezsenger Ve
+ Transmission
Transmissior 3 FPintvehDst... | Longitudinal distance from ... [m 1.7
~ Drivetrain 4  [PIntVehCG... |Vertical distance from cent... |m 0.3 Copyright 2018-2023 The MathWorks, Inc.
Eront Differa 5  |PIntVehinitV... | Vehicle initial vertical position [m -0.3
i 6 |PIniVehinitL . | Initial longitudinal veloci / 0 I
R Dterr | | |8 ™ Assembled Vehicle Model
1 . .
| MathWorks Virtual Vehicle Composer =

Select Vehicle features & characteristics
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Towards a fully distributed “model and code” integration framework

Software Model

— AEN [ - 7
e LT ““’":;

| M::u..ﬂ._.n mememe ;

m ) na Vel g0 Car Sff"

|

1 +
Verified Model Assembly
Components

|:> Roaming Rotor A — ES
B —> | .
@ o+£0 m ‘@ \

Interactive
Model

Virtual System

(E) Simulation

\
@

/

1
Ty

/ Tests

System Composer
Model
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Evolving the modern ecosystem
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Seamless onramp to CI/CD Workflows

Developer

4

2

Developer

i

o

Developer

4%

=

v

Build and Test
Reports

— %4_.

Source Code
Repository

Continuous
Integration
Platform

4%

COnlmuous Integration

-

‘.

Azure Plpellne
0 ©
OO

GitHub Actions

circleci

MathWorks AUTOMOTIVE CONFERENCE 2023

Cl Support Package

SIMULATION DEBUG MODELING
& 6 )
Get Requirement ts Process Model Clone Metrics
Add-Ons + Manager Advisor Advisor Detector Dashboard
ENVIRONMENT
Process Advisor: Flight_Control ® x Flight_Control
B ‘ ¥4 [ ||> Run All v‘l @© |[%arlight_control ¥
Tasks Out | Details @ d
©@ i .
) Generate SIFI?Ul]Hk Web View [F] w1 E PilotPitchCmd
@ Check Modeling Standards [Fl|v3 1
-
) Detect Design Errors F w1 - di
© Generte €DDRepot Bjvt B piotRolicma
@ Gen.vate ( ode (79 ) FEIRZ || =

v

A
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Mapping Model-based Design on to a Cl Workflow

Run CI Quality
Pipeline Assurance
Approval

Requirements Merge
g g Run CI Generate
e & Clone Branches e
Pipelines Reports
And Branch & Test

Innovate and find issues early
By iterating locally

Release to Production
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Masterclass

Accelerating
Development for
Software-Defined
Vehicles Using
Cl/CD

MathWorks AUTOMOTIVE CONFERENCE 2023

Software-Defined Vehicle
Track

Nukul Sehgal Vamshi Kumbham
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Evolving a Cloud Ecosystem

AcCcess
Scaling

Collaboration

<« C @ matlabmathworks.com

Simulink@nramp - Simulink

SIMULATIO!

L s
' Dopen ~  mO N -
New [ save -~ Library

- Browser

FILE LIBRARY PREPARE

y  Training - Tasks ¥
]
g 22 ying Blocks and Sigs are
% modeled previously. Here, however, the -
8 drag force is linearly related to velocity,
2 bv, and there is an external input, u,

instead of gravity.

The model is missing an input: the
desired speed of the car. A unit step (a
function whose value goes from 0 to 1 at
a specified time) is a common test input
for such a system.

In Simulink, the Step block provides a
unit step at t=1 by default.

TASK

Add a Step block from the Simulink
> Sources library and connect it to
the unconnected signal labeled
reference . Double-click on the
block to see that the default Step
timeis 1.

Connect the model output,
velocity, to the Signal Assessment
block.

submit |

Hint | See Solution | Reset

Ready

Stop Time [ 10.0

= | Normal -

4 @

Signal Step  Run
Table g Fast Restart Back v+ v  Forward

Step Data Logic
Inspector  Analyzer

SIMULATE

Bird's-Eye
Scope
REVIEW RESULTS

SimulinkOnramp
@® [*alSimulinkOnramp

BB LR e

Cruise Control

Training - Assessment '

w | Task 1 Signal

LF =ma

w—bv=ma

Rssessment

2 B E

Inspect signal in figure window
Requirements

v Does the connected signal meet
the requirement?

auto(odeds)

»l

Jopadsuy Auadoid

Simulink Online
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Evolving a Cloud Ecosystem

Access

Scaling

Collaboration

for i = 1:10000
Simulink.SimulationInput(my_model)
setVariable(my var, i);

in(i)
in(1i)

end
out = parsim(in);

SN

Y

Massive
simulation
jobs
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Evolving a Cloud Ecosystem

Access

Scaling

Collaboration

Alerts

/f{

i

New Comments

landscapeMission
JSmith | 6 hrs ago
Suggested edit...
View >>

asessmentBuilder
SHamil | 15 hrs ago
What happended to the...
View >>

December 1st, 2022

New dashboard has been added. The content is currently a placeholder

and is not interactive. Fully responsive design is still being implemented.

Updates will be communicated in this space.

Awaiting Reviews

matlab_airframe
JSmith | 2 hrs ago
6 files changed

tunnelProject_inMotion
JSmith | 3 hrs ago
12 files changed

landscapeMission

Status

10

Active Design
Reviews

26

Total Projects

Recently Opened Projects

Project dashboard
Design review

Instant search
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& =y

Connect to Data & Analysis
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- === "“' AUTOMATED AMD COMTIMUOUS = = = .
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s SR Compute
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‘ Middlewrare
Platform Services
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MathWorks Deep Solutions for SDV Domains are key enablers

Extensive support in MathWorks Toolboxes

SDV Platform
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How are we taking this journey?
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[{] zeexr

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

SDV: Integrating Simulink C++ Code
in Android Automotive Environment

Rémy Brugnon, Renault Group

TEEVR TECYNCLOGY LMUTEL

»
G'.: A

MYTAN s AUTONMOTIVE CONFERENCE N3

\/ ’)
Context: Renault SDV Project preparation g 1
Archemctsre
N usaL igv v @ few - e
- Renault strategic collaboration with awrteras '
Retmtt
Google: Android Automotive OS replaces Scowere “‘531 —t J '
Adaptive AUTOSAR shuse “ g - - -
(/) riagtee
« New Interface Definition Language: STy i 1 ! S .
h Sk
Android IDL (used for IPC generation) AR Svat @ MathWorks " oaren
* Coce Gee
« Service Oriented Architecture maintained l —
(Request/Response methods => RPC, . > - - a
events => RPC + Callbacks) I | | 1 I | androld 4 O < -

Agphcador
RAC Rarvcle Procechrs Cal
IPC InterSrocess ." oeRTLNCHION
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KPIT

Service-oriented arbitration of
ADAS features with Model-Based
Design

MathWorks
Automotive Conference
2023

Arbitration comparison

= Ao

—

Legacy - po—
architecture ST i R r il =
Torget ssocton j J Innaizaon H
=
E’: J
T e
o Application layer
_T Component layer
=
Service Oriented . R m— -
Architecture
| =
| I
= o v
'( P I .I. 7/10/2023

Advantages over conventional architecture

« Scalability : All components are designed to communicate using services resulting in ease

D for future enhancement. New software components can be designed and incorporated

without affecting existing compofents
* Re-usability : Services can be easily discovered and used when a new feature is
deployed. A newly developed feature can depend on services provided by existing
software components without updating or redeploying the entire software.

« Bandwidth and memory requirement for OTA is less as only specific software

components need to update.

* Optimization of redundant software components between cross-domain. Services

could be discovered and used across different automotive domains.

O O
N

* Running components in Shadow Mode in order to test newly deployed version

of a software component without affecting the original behaviour or a feature.

KPIT o/

Link to the talk
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https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/images/events/automotive/de-mac-2023/service-oriented-arbitration-of-adas-features-with-model-based-design.pdf

FORD AUTOMATED SYSTEM SIMULATION TOOLCHAIN (FASST)

MathWorks AUTOMOTIVE CONFERENCE 2023

MATLAB/Simulink-based Cross-Domain SiL platform
Overview and context of SiL platform

Cross-Domain ADAS project

Rear
i 4 '® Camera

Cross-Domain ADAS SilL environment

Feature model BOM
(Bill Of Models)

Vehicle controls

GitHub

Build \
system/skeleton R
model ‘ Brakgs

&

Include components

FASST USER

FASST

. VDBS_
+ CarSim
+ Carmaker

4\ MathWorks

FASST reduced virtual vehicle build from months into minutes

MODEL REPOSITORY
Populate ECU contents from functional
software model developers

Camera

—

VEHICLE

<D

Go Further

-

Desy @C:::: Y @ Rads
A Radar

A

Sensors

< “?00
%
Front ‘ 2
Radar A
Sensors
L~ N Brake

MathWorks provides necessary building blocks and interfaces to be used as a foundation for SiL platform

Bosch Engineering | BEG/ESD2 | 2022-09-26
MathWorks Automative Conference 2022

® BOSCH

| _

VALIDATION OF AUTOSAR SOFTWARE VIA VECU

GOAL OF VECU - ALIGNMENT INTO V-CYCLE DEVELOPMENT PROCESS

X
‘-’l:-p Architecture
% %y Model
3
O /o
MIL
@\ Functional =
é-o Model RPT
.
%
=
ES

Implemen
) tation
MIL : Model in the Loop 3, 2\ Model
SIL : Software in the Loop

%
' ®,
PIL : Processor in the Loop %
RPT : Rapid Prototyping *
HIL :Hardware in the Loop

Automatic Code
Generation

Simulation of complete ECU Software (Production ASW-Code)

Can be used for integration tests before going to the HIL

vilesco

TEGHNOLOGIES.

a Miexzey Konstantin, Vivek Venkobarao, Vitesco Technologies, Public



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
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Questions
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