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6,500+ staff $1.25+ billion Privately held
in 34 offices around in revenues and profitable every year
the world
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Lakeside campus
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MathWorks Products and Services
Use the right features based on your application

Gesign and Analysis

Simulink Product Family
Physical Modeling Signal Pracessing Application
and Communications ‘ Support
sem— SIMULINK

— " " Application-Specific Products .
Rapid Prototyping Verification, Validation \,
e Eerer and HIL Simulation and Testing Control Byatem \ ” —:—.

. = Technical °
SIMULATION AND MODEL-BASED DESIGN Image and

Videa Processing —~—— Support
Event-Based Madeling

MATLAB Product Family Tu Community EHmb
. Test and Measurement - -
A e e, e Packages _ &VoC S ~ b
Simulation Graphics | 1V A AD - ———— -
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How are Megatrends transforming Automotive R&D?

Automated Driving Connected Veh|c|es

- 5#-/?!@???;

» Handling increasing system and software complexity

= Building innovative features with speed and quality

= Need for virtual development and test grounds

<) MathWorks®




Why use Model Based Design for Embedded SW?
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Requirements and artifacts are hard to manage, change, and trace

Requirements Architecture Implementation SR LT

and Test

Requirement
Docs

Algorithms Hand-Coded

Paper Specs Specs Algorithms

Testing Artifacts

Manual steps introduce errors and slow down the development process

5 _) MathWorks=




Requirements capture and artifact traceability throughout the process

Model-Based Design

Requirements Architecture Implementation SR LT
and Test

Models are at the center of your development process
Create a digital thread

<) MathWorks-




Automate steps in the design process with code generation and model-based
verification

Requirements Architecture m Implementation System Integration

$ ¥ &

Requirement Architecture Simulation
Models Models Models

Requirements . . .
Verification Virtual Integration Testing (SIL/PIL/HIL)
Early Design Verification bR .System
Testing

Eliminate
So that you can focus on creating innovative design solutions

<) MathWorks®



Model-Based Design

Systematic use of models throughout the development process

Modeling Automation
Simulation Analysis Coding Verification
Short time and Minimal defects
iteration cycles cost and

<) MathWorks®




User Stories

Customer Stories

MATLAB and Simulink Customer Stories

Capability
Results 1-12 of 964 >
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Transforming Climate Risk GM Virtual ECUs Accelerate Image Processing Shows
Strategy at CEGC Automotive Testing Classical Geometry in Bronze

Algorithm Development Sort by:l R, ™

Machine Learning

Product
MATLAB
Simulink

5G Toolbox

=5 = =

Stralis Aircraft Advances Nokia Improves 5G Algorithm Enhancing MRI Safety with
Toward Emission-Free Flights Testing with Machine Learning Testing Accuracy

with Hydrogen Power

TRANSFORMING THE GRID
HOW SIEMENS ENERGY MANAGES

‘ lﬂv _ ) N THE ENERGY TRILEMMA )
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More details coming :
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How is Model-Based Design Evolving?
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The Three Evolutionary Forces at Play

» Handling increasing system
and software complexity

= Building innovative features
with speed and quality

= Need for virtual development
and test grounds

Simulation Design
Scale Complexity

Collaborative
Engineering

<) MathWorks-




The Three Evolutionary Forces at Play

Why are these trends important?
Simulation
Scale

What are customers doing today
about these trends?

How does Model-Based Design

evolve to meet the needs of future
mobility?
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Trend: Systems = Full Vehicle Simulation

Full Vehicle Simulation <) MathWorks:



2 Products for Vehicle Level Simulation Which

Help You

Powertrain Blockset

Powertrain Blockset
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Vehicle Dynamics Blockset

Vehicle Dynamics Blockset
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Composition of Powertrain Blockset & Vehicle Dynamics

Blockset

Library of blocks

¥ Library: autolib - Simulink

File Edit View Display Diagram Analysis  Help
= EE

i Bt =

autolib

®

2 i

Drivetrain

Energy Storage
and Auxiliary Drive

-

Transmission

@
&
=]
=
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Vehicle Dynamics Vehicle Scenario Builder

150%

Conventional Vehicle
Reference Application

K4
HEV Multimode Reference
Application

HEV P3 Reference
Application

Open Example

Virtual Vehicle Models

4
HEV P4 Reference
Application

Simulate a P4 HEV model with an

generalor, and associated

Open Example

Reference Applications

HEV Input Power-Split
Reference Application

ale an input pows
model with an internal combustion
engine, lransmission, battery, motor.
generator, and associated

Open Example

4
EV Reference Application

Simulate an EV m a motor-
generator, battery
transmission, and

powertrain control algorithms. Use

Open Example

4
HEV PO Reference
Application

Simuiate a PO HEV model with an
ntemnal combustion engine.
transmis: battery, mator

and associated

Open Example

#
HEV P1 Reference
Application

sion, batter
generator, and asso d

Open Example

Engine Dynamonmeter

Cl Engine Dynamometer
Reference Application

Simulate a Cl engine plant and
cledto a
th a tailpipe
sion analyzer. Use to calibrate

Open Example

Engine Dynamometer

Sl Engine Dynamometer
Reference Application

Simulate a Sl engine plant and

controller connected to

Open Example

Virtual Engine Dynamometer

4
HEV P2 Reference
Application

Simuiate a P2 HEV model with an
nternal combustion engine.
transmission, bal maotor
generalor, and associated

Open Example
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FORD uses an automated system simulation toolchain to build a virtual
vehicle in minutes and Detect System Issues Early in Development

Ford & MathWorks collaborated on a standard
framework Ford Automated System Simulation
Toolchain (FASST) which has 500+ users today

FASST

= reduced virtual vehicle build time from months to
minutes

» enabled groups needing to perform different analysis
tasks to build their own virtual vehicles

Model-Based Agility with Ford Automated System Simulation Toolchain (FASST) - MATLAB & Simulink

21

SIMULATION INEFFICIENCY

bilation purpose

Modeljdigand Simulation
Goal fulh.r integrated mto_‘
carline development

Debug Models

Trace and Collect Component Models 4 ¢ Bu { ! [
~ Trace and Collect Component Models
— Inilia! State Desired State

AUTOMOTIVE CONFERENCE 2020

=

)
A "4 CarsiM g1~

rol ECU Architecture ECUModels & antInterface | Vehicle Plant

(DBC) Components outs Models J
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Tesla Maximizes Efficiency with Model-Based Design

“‘[Tesla] spent the past 10 years building MATLAB models of where all the energy is
flowing. From that, it's determined where the vehicles experience losses due to
inefficiencies. The team then goes in and continually tweaks the hardware to
increase efficiency. Additional secondary improvements can be pushed via over-

the-air updates.”
— Roberto Baldwin, Car and Driver

SCAN ME

-

-
’\

Tesla Tells Us How It Keeps Beating Nearly Everyone in the Range Game
https://www.caranddriver.com/news/a34046953/tesla-range-strategy-details/ < ) MathWorks®




MathWorks Vision for Virtual Vehicle

Every function designer can create a virtual vehicle within minutes
with desired details in physics and software, and
prototype, calibrate, and validate their functions in simulation

Goals
* Maximize frontloading via simulation
= Deliver rich out-of-box capabilities and openness for tailoring

* Provide world class simulation integration platform (SIP)

o5 <) MathWorks®




How is Model-Based Design Evolving?

o] <]

Simulink

Virtual Vehicle Setup ~ Data and Calibration | Scenarioand Test | Logging
~ PassengerCar
Chassis - Chassis: | Vehicie Body 3DOF Longitudinal

~ Tire -
Tire Data

~ Brake Type

Parameters
Brake Control Unit '

~ Powertrain
Vehicle Control Unit Parameter N... | Description Unit Value

~ Engine 1 |PintVehMass | Vehicie mass [1623

Engine Control Unit z PintVehDsiCG bLonqxtucma] distance from center | [1.00
« Drivetrain 2 VehNelCG | tucdinal dista Te— | 7

Hybrid Powertrain Car Vehicle Dynamics, .. ...
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More details coming :
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The Three Evolutionary Forces at Play

Why are these trends important?
Design
Complexity

What are customers doing today
about these trends?

How does Model-Based Design

evolve to meet the needs of future
mobility?

<) MathWorks-




27

System Engineering — Why?

Systems Engineering is about
. Systems Engineering helps

helps to manage real world changing issues,
and produce the most efficient, economic
and robust solution.

<) MathWorks®




What we’ve heard from you

Are you happy with
your current tool Customer:

choices for modeling “We have tried to build the architecture

system architecture? model in SysML and connect it to the
design in Simulink ...

Survey: MathWorks Advisory Board
... [It] does not work without rework
both in the architecture and design
worlds whenever a change is

What are the Not executable needed. It is broken and we need a

problems with your Not synchronized

current system with designs more interated approac ”

i Hard to use
architecture
solution? Not analyzable

20 40
Survey: MathWorks Advisory Board Percentage %

- ) MathWorkss




What problem are we trying to address?

29 5 _} MathWorks=




Trend : Bridging the gap between Model-Based
Systems Engineering and Model-Based Design

Model-Based Systems
Engineering

Model-Based Design

SelfLocation




How is Model-Based Design Evolving to support the needs

of System Engineers?
Be Intuitive Facilitate Analysis Tackle Complexity Enable Implementation

Rguiremmsets - SmalilAy

Wiew: Requirements = |®

Lo G ity

oy B¢ MathWorks:




Mercedes-Benz : System Architecture using System Composer

Challenge :

- What's missing here is that the developer won't L B "‘ -
understand the whole picture of the requirement S e
being implemented on how it is affecting the entire B
system .
System Architecture creation using System Composer

= Might miss implementing some of the

reqUirementS due tO human error Our findings after using System Composer
Solution : With System composer, this void could pe=
be addressed, as it is a MATLAB toolbox, the nn e
conventional process is not altered much B -

—

Results : =3
= Communication between stakeholders and =3

functional developers will be improved

= The tool is assistive in complex system
https://www.mathworks.com/videos/system-architecture-creation-using-system-composgr-) MathWorksw-'
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Delphi Technologies : AUTOSAR Architecture Modeling of Multi-core Electric
Powertrain Controller for Next Generation Inverter

Challenge : Architecture to Requirements — Seamless Approach
= Gap between architecture and design models

= Gaps in requirement traceability

= Lack of support for intuitive and performance
analysis

Solution : Delphi Technologies used System
Composer and AUTOSAR Blockset for AUTOSAR
Based System Engineering

Results :

= Architecture to Requirements —Seamless
Approach

= Intuitive and Performance Analysis

https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/company/events/conferences/automotive-conference-stuttgart/2020/autosar-software -
architecture-modeling-of-multicore-electric-powertrain-software.pdf ) MathWOI'kS""
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More details coming :

11:00 MATLAB/SimulinkE &-& 3%t Mobilgene &

S5E HAATY, HLF/0f

<) MathWorks®




35

The Three Evolutionary Forces at Play

Why are these trends important?

What are customers doing today
about these trends?

Collaborative
Engineering How does Model-Based Design

evolve to meet the needs of future
mobility?

- ) MathWorks=




Adapting development process under evolving software
challenges

PLAN DEVELOP BUILD

Systam Operations and
Requirements Architecture Implementation Integration p _
and Test Sustainment

Evolving Software Challenges

Faster Development and Efficient Software Development Enable New Types of Algorithms
Release Cycles with Hardware and Functionality in the Field

TEST === RELEASE = DEPLOY = OPERATE = MONITOR

Software Test and Evaluation Flexibility and Optimization with Better Leverage Data
as Early as Possible Upgradable Hardware Targets from System Operation

G <) MathWorks®




DevOps: A set of practices to automate and integrate
processes between Development and Operations (typically
software)

OPERATE

Perpetually Upgradeable Machines

» Faster development and release cycles

» Better leverage data from system operation

= Enable new types of algorithms and functionality in the field

0 <) MathWorks®




Extending DevOps to Systems, Not Only Software

Data Deployment
Datastores Mgl ) ®neou e Cloud
Files i * Edge
Industrial 0 dsccie @ o 1apyp » Embedded systems

Lifecycle Mgmt

Containers/Virtual Machines

&
kubernetes

OPERATE
Digital Twins
* Physics-based

Code Generation  Data-driven

Dashboards

3 Files wet 3 it+ableav Qlik@

aclesl Industrial I/Q ~ #accwve @ osi 1opyp
Streaming data  §gkatka m Power Bl @Spotfire’

Model- and
Code-based V&V
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Building Battery State-of-Health Estimation Pipelines for

Electrified Vehicles at NIO

Challenges

» |Large amount of data is required for developing battery
state-of-health estimation algorithms. Data is limited
during early design phase.

Solution
» A cloud-based scalable simulator to generate synthetic
data.

Result

= Generate synthetic data before fleet is available or when
edge case data is needed

= Available to many engineers; simulations are run on
request

Integrates synthetic data and data from test vehicles

Vehicle
Simulation

Li-ion Cell Models
Powertrain

Vehicle Dynamics
Driving Conditions

SOH Estimation
SOH Prediction

Code Generation
Simulation as a Service
Batch Simulations
Analytics

Dashboards



More details coming :
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Summary :Evolution of Model-Based Design for Next Generation E-Mobility

Need for Virtual Development and Test Grounds Handling increasing system and

software complexity
Systems simulation to Full
Vehicle Simulations Bridging the gap between
Model-Based System
Engineering and Model-Based

Design

Simulation Design
Scale Complexity

Collaborative
Engineering

Building innovative features with
speed and quality

» Automate and integrate processes
using data and models

<) MathWorks®
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Call to action

|ldentify a problem statement where you would like to apply these technologies

Team would be happy to discuss about your goals and define an

implementation plan for enabling you to move from current state to desired
state

16:00 PolyspaceE &&7¢t gH|C|= 22t ZF 7t0|
REE LR 22T F0f

Simulink Fault AnalyzerE O| 8¢t A|AH! £HR| 7|5 @ FAFZ 0] 25t Coverage Test 2 Ot
MATLAB % SimulinkE 0|88t £4|2 Unreal 3XHY A|Z2f 0| 2t4 1=
Simulink 22 5! 3 & I/CD (Continuous Integration / Continuous Delivery) 8-&

Polyspace2t 2 & ISRA C:2023 A5
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Thank You

I MathWorks:
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