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Software-Defined Vehicle

Brand-Distinctive Features and Main Customer Value Will Come From Software

~~—

Customer expectations - Technology and innovation
« Sustainable and safe mobility ™ « Electrification
- Digital life continuity g f « Autonomy

« Connectivity

Business opportunity
» App stores, software features on demand

» Subscription plans for software services )
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More Value and Resilience in Vehicles By Delivering
Features Through Software Quickly and Reliably

Challenges
Increased complexity of functions
Increased need for Functional Safety
System/software development platforms need to evolve
Processes and team interactions must change even more

Patterns of Functionality and Dysfunctionality
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: : _ Systems
Performance Gains using Model-Based Design - ¢ =

—v

Company Product Benefits Claimed
Bosch eBike Drive Unit Updated designs ready for retest in 5 minutes
BMW Body, Chassis, Engine, BMS Supports Agile development methodology
Geely Body domain controller Integration test time reduced by 80%
One-time pass rate greater than 90%
Continental Chassis control Eliminated 6 months of effort
Verification time cut by 50%
LG Electronics | Inverter for EV and HEVs Verification time reduced by 20%
Kostal Electronic steering column lock module | Development & certification time cut by 30%
Lear Body control module Zero warranty issues reported
SAIC Hybrid control unit From concept to production in 18 months
Toyota Various production ECUs Development time cut by 50%
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N "”-’ How to Implement Energy and Drive Quality Management
of BEV Efficiently and Accurately in MATLAB

ONVO RiE

(ONVO: 2" brand of NIO)

Highlights: 854 g oy features Dynamic allocation of motor torque,
driver model, intelligent battery charging/discharging,
traction control, circuit cooling, ....

Efficiency: |Simu|ation efficiency improved by 50%

Accuracy:

|Simu|ation error reduced to as low as 1%

Scenarios: 24 power simulation scenarios and
8 efficiency simulation scenarios
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7 Types of Waste (Muda)

N o oA W N e

Transportation
Inventory

Motion

Waiting
Over-Processing
Over-Production
Defects
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Start of production
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Simscape Electrical Simscape Battery Embedded Coder
HDL Coder
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MODEL-BASED DESIGN

OPTIMIZE RIGHT

Simulation
:ﬁ*‘m °_\’.:
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Virtual Processor
in Synopsys Virtualizer

K Full System Components

Systems
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Infineon

AURIX™
microcontroller
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Design and testing of service-oriented vehicle
m £ EE Kk @ application software based on model development

Combines ZEEKR ARK OS with MATLAB/Simulink

- Automatically generate a service-oriented framework model
based on service information

 Encapsulate the ZEEKR ARK OS middleware module
« Generate Simulink code and integrate into ZEEKR ARK OS

« Leverage the ZEEKR ARK OS software development and
testing toolkit for code testing

- ) MathWorks:
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System Composer
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Simulink Test
verification

Simulink Fault Analyzer
safety, security, reliability

.
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Supporting the SysML v2 standard

« System Composer is already well-aligned
with the modeling and semantic concepts
of SysML v2

Project
) )
my Repository -gmm
« We plan to provide access to System l % ‘

Composer model data through SysML v2 {ari ]
RESTful APIs

= Interoperability is our top priority

External SysML v2
Services
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RoadRunner Scenario
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RoadRunner Scenario
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CarMaker

dSPACE
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Simulink + Unreal
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Software-Defined Vehicles
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Modern Software Practices Reliability
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_ _ + Systems
Empowering Platform Engineers: -

Accelerating MATLAB Startup with Custom Cloud Images

Code-based
Software Developers

MATLAB Cold-Start start-up time: l2sFaEates!

1 minute -2 25 seconds

Point platform engineers to MathWorks

Platform Reference Architectures on GitHub

Engineers

Search “matlab github packer”

Model-based
Software Developers

. DevOps and CI Platforms e

System Engineers
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Integrations to Leverage Data, DevOps, and Cloud -

Cassandra

Code-based Neo4;
Software Developers

Prometheus
Databricks

MQTT
AWS DynamoDB

Azure BLOB Storage AWS Athena Spark
OPC UA

Hadoop MongoDB
OpenTelemetry

Platfort PostgreSQL

Engineers Azure Cosmos DB

TIBCO Spotfire

Google Storage Google BigQuery
Model-based )
Software Developers System Engineers Azure Data Lake

Azure Keyvault RabbitMQ Cloudera Data Platform

. DevOps and €1 Platorms | Tobleau ogbus  A7aChe A
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1 == DevOps Empowering software
development quality improvement

> BREFAVEEEN, =ESKMBEHEAR, ERERHFLHE;
> CICTH5, SEHBmUREMKRIGIG], FHEERMRIR;
> TEHERMR DB RAE, SEI A BRI R E < (88 T,

r Static code
Customized tool check with
UnitCT Polyspace

Access control inspection ' Code entering repository » Automatic building Security use(;a:;'ninglshtic Automatic test

\_J

19th Asian Garnes
Hangzhouv 2022

Daily build pipeline Daily spot check te_st p{pe.’me
o Accurate test pipeline
CA0X/AASE Test pipeline accurately

tugtin Precompile pipeline Regression re§t p'fpelme
Full test pipeline

40X/6.67/hed — B

M ZE R HEIREN

Coding &L  mgedkt  BEEE

{Software Engineering Economics) *BEEREA, HENHFH
Z 24BN ENRRARAERRR TN/ SRR
BIBRRAEA. Eit, 15T NSREKH R TR LUAR AR AR/
MikalE, 2RHERRCIEEREANBREE.
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Continental: Software Factory and Model-Based Design

MathWorks AUTOMOTIVE CONFERENCE 2023

CI/CD 2.0: From Scripted Jenkins

Initial CI Pipeline - Jenkins
O Pipelines to Process Advisor

@ git
. Source Control g | GitHub

Reposﬂo.ry Handling MATLAB "’V/
Automation Jenkins © SIMULINK

Implementation
O JFrog

Artifacts Handling ~ ARTIFACTORY
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Software-Defined Vehicles

Modern Software Practices Reliability
Data-Driven Functionality Functional Safety
OJ ;
Leverages Cloud Physical Components
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Design Al into your system

Al Reference Examples

IHHHHHI bg L

Predictive Hyperspectral Signal Robotic Control
Maintenance Imaging Processing
e |
ol %
Al Ijl..
Lidar Radar Wireless Automated
Processing Processing Communications Driving
'ﬂ i
Visual Reinforcement Audio Medical Imaging
Inspection Learning
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If your Al model is created with PyTorch,
Integrate it into MATLAB and Simulink

Integrate Al models in a
Simulink system design
for Model-Based Design

MATLAB works with TensorFlow, PyTorch, and Python:
- Co-execution

= Model converters

« MATLAB Deep Learning Model Hub

, ) MathWorks



Generative Al for MATLAB

eoe M - < # chatgpt.com

(D (& MATLAB ~

4

MATLAB

\athworks.com &

Discover MATLAB® with the official MATLAB GPT by MathWorks. Learn
about valuable resources, save time building with MATLAB, get answers,
and stay up to date with the latest features.

k

&5 Explain k-means & What are the » Smooth a noisy & How do | get
clustering with an latest features of dataset MATLAB?
example MATLAB?

@ Message MATLAB

MathWorks workspace chats aren't used to train our models. ChatGPT can make mistakes. : ) Mat}works
v
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Generative Al for MATLAB MATLAB Extension for Visual Studio Code

o — oo £ Search OB8 0 0m - O X
Lf"g # mycodem ® [Y Extension: MATLAB > @ -
C: > Users > Mike Croucher > Dropbox > PC > Desktop > 4% mycode.m
p 1  load accidents ==
2 x = hwydata(:,14); %Population of states
3 y = hwydata(:,4); %Accidents per state
iy 4 scatter(x,y)
ﬁl> 6 %r'r*ente a linear regression model
=

®
%

)< | ®0oA0 W0 MATLAB: Connected Ln6, Col2 Spaces:4 UTF-8 CRLF MATLAB & 0 /A MathWorks’

Visual Studio Code screenshots used with permission from Microsoft



Generative Al for MATLAB

e

MATLAB

Customer Talk Today

TATA ServiceSage: A Gen Al-Based RCA Chat Assistant

Bhakti Kalghatgi and Shubham Gupta, Tata Motors

<) MathWorks


https://www.mathworks.com/company/events/conferences/automotive-conference-india/2024/abstracts.html?expand=trackc&#trackc1

Generative Al for MATLAB, Simulink, and Polyspace

-

In development:
MATLAB Copilot

Planned 2025

~

-

In development:
Simulink Copilot

Planned 2025

~

-

In development:
Polyspace Copilot

Planned 2025

~
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Can we quickly develop a major feature with
no hardware changes, leveraging the cloud?

“Sport+” Mode
A Reduce 0-60mph time
Minimum Range Change

—
L J

Infotainment System (IVI) Vehicle Control Unit (HPC) Battery Management
oM ASIL-B (Embedded Edge)
ASIL-D
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Leveraging the Cloud

« ) MathWorks: AWS For AUTOMOTIVE

\./7

Elektrobit NI IAYAY
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Automotive Software Development in the Cloud WS rorautomoTive

z Elektrobit
« Run parallel MattiNors €3 Elektrobi SYNoPsys

. . atatio MATLAB & Simulink
simulations e

» Automate model
checks, simulations,
report generation in
Cl pipelines

* Invoke function from
instrument cluster

« Automatically
generate code,
interactively or
in ClI pipeline

* Integrate application * Integrate
code with production with detailed
middleware virtual ECU

. ) MathWorks’



C) 4+ Systems

Interactive Design

and Development
with MATLAB & Simulink

1 “- %
Simulation & Design .| Deploy/Operationalize — \ -
Exploration at Scale ﬁ ) MATLAB Code and Simulink Models O—E: [ ] - %

Integrate Automated =
Testing and CI ( Q\
with MATLAB & Simulink . "—

Application Code from Model

- ) MathWorks'



Automotive Software Development in the Cloud

ConfiguredVirtualVehicleModel_DDS * - Simulink (on c927b761b194)

SIMULATION DEBUG MODEUNG FORMAT

externaiDfiveCytie

t DriveCycle Dal

Driver_Mode_In

Mustang

E8

powered by aWS
N

Application Code from Model

€3 Elektrobit

Road-ready Automotive Software

Infotainment (Android Automotive OS)

° 3im

2 tes

SYNoPSYyS

Virtual ECUs in Synopsys Silver

ECU Simulation

< ) MathWorks:



Automotive Software Development in the Cloud powriby  AWS

SIMULATION DEBUG MODELING FORMAT ‘ EB ElektrObit Synﬂpsys(

Road-ready Automotive Software Virtual ECUs in Synopsys Silver

Infotainment (Android Automotive OS)

© 1208 4 2 e aveng pirinsee X:315.0825
: =

[N ! 1 — = D ! -300.000
P . n

-350.000

urrent

externalDriveCytle

| . : > ; -400.000
L DriveCycle Da| ®61° @ A L H S & ¥ 68°

Max Discharge

Driver_Mode_In

-450.000

Mustang r
-500.000

Sedan

<l @QQaQa

Application Code from Model ECU Simulation

Background: Algorithm Only
Foreground: Algorithm + Production Middleware + Virtual Processor

< ) MathWorks:
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aAdWS For AUTOMOTIVE
N lAthena  Spark

OpenTelemetry
PostgreSQL

Azure Cosmos DB

Google BigQuery
Azure Data Lake

Azure Keyvault RabbitM@ Cloudera Data Platform

Tableau Modbus
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Integrations, Processes, and Teamwork for SDV
</> _\O/_ @) i @)
R -

Align systems and software- Sync up with MathWorks Catch up on our latest
defined mindsets to plan, India as we work with capabilities so we can
and align toolchains to act your teams around the work together to support

world the shift to SDV

Enjoy the conferencel
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Thank you
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