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How are Megatrends transforming Automotive R&D?

Automated Driving

Connected Vehicles
e TS

— = I

= Need for Virtual Development and Test Grounds

» Handling increasing system and software complexity

= Building innovative features and enhancing existing

products

= Workforce mobility and skills
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Rise of Model-Based Design
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What is Model-Based Design?

Systematic use of models throughout the development process

Modeling

- Fast repeatable tests

Automation r'

Fast agile
development loops
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How Is Model-Based Design Evolving?
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The Three Evolutionary Forces at Play

* Need for Virtual Development
and Test Grounds

Simulation Design
Scale Complexity

* Handling increasing system
and software complexity

= Building innovative features
and enhancing existing

products Collaborative

__ _ Engineering
= Workforce mobility and skills
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The Three Evolutionary Forces at Play

Simulation Design
Scale Complexity

Collaborative
Engineering

Why are these trends important?

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:



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

2020 MathWorks Automotive Engineering Conference presentation by FORD (Presentation Video)

SIMULATION INEFFICIENCY

Simulation

“system” debug@ingfersimulation purpose Modeling and Simulation

Debug Modelsh"‘“-u._ﬂ Goal fully integrated into
(computational issueé‘)‘.\.‘ carline development

Build Virtual Vehicle \

Debug Models
(computational issues)

Trace and Collect Component Models Build Virtual Vehicle

Trace and Collect Component Models
_ Initial State Desired State
4\ MathWorks

AUTOMOTIVE CONFERENCE 2020

THE FASST “ONE CLICK” SYSTEM MODEL BUILD
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X g Cloud-Based - ‘\ " | CarS|MJ|PG
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https://de.mathworks.com/videos/model-based-agility-with-ford-automated-system-simulation-toolchain-fasst-1592849717839.html?s_tid=srchtitle
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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)
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How Is Simulink evolving?

Hybrid Powertrain Car Vehicle Dynamics, ., ...,

Tire Data
~ Brake Type
Control Unit
rtrain
e Control Unit

+ Engine

Engine Contral Unit

= Dirivetrain

Data and Calbration

~,

_i_J

Chassis:

Parameters

Parameter N...

Viahicle Body

JD0OF Lomgitudinal
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More details about frontloading of vehicle development using
virtual vehicles :

Cross Domain Vehicle Simulation fo

Virtual Development of Battery and BMS
EV System Analysis & Development

Abhisek Roy, MathWorks

S

November 16 | Pune

Lingegowda Aurobbindo
Bosch Global Software Technelogies

Panel Discussion on Virtualization: Accelerating the Validation of AUTOSAR Software via
future of mobillty Virtual ECU using MATLAB & Simulink
*., 6 Asif Tamboli
November 16 | Pune

-
X A~ TATA Consultancy Services
5 Neha Mishra Dr. Vivek Venkobarao, Vitesco Technologies
Cummins Indka Lid
] Mike Sasena
MathWorks US
@ e ?B

Rashmi Gopala Rao, MathWorks
Moderator

Konstantin Alexeev, Vitesco Technologies
FEV Incia PVt Lid
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Trend: Simulating Environment = Simulating
Scenarios

A

cenario Simulations for Autonomy
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PORSCHE: ADAS/AD virtual platform for end-to-end software development,
testing and validation

. 2. Modelling Abstract 3. Simulation Variants
= Scene/Scenario selection and test cases = Model abstract scene/scenario PEVATeC Simulates
C h al I e n g e - P 2 » Simulation parametrization
. ’ o e Eave =R — — p— ¢ P » Test automation of complete test plan
- Evolving classic simulation to adaptive, flexible and ' | : ’
modular simulation platform e

® HW & SW prOVIderS from dlverse dlSClleneS : g N = Interfaces & simulation environment EEVATSC

il =
e
S 3 7 = / /a Create Tool for Software Developers
— = ~ B R
- Independent

- . . N :
SO | u t I O n = User interface: parametrization executable simulation

- > Irir elev ~ase: platform as local /

venicl

Z
- ne | VehErratic_Lane cloud application

C PEVATEC - FIeX|b|e and MOdUlar S|mUIat|On _ PEVATeC @ MATLAB EXPO 202 Porsche Engineering
environment for virtual ADAS/AD Testing : PEVATeC is NOT a tool e

PEVATeC is a simulation environment that integrates the most suitable tools on project demand

PEVATeC can be integrated in an ADAS simulation platform - flexible API
Porsche Engineering

Results:
- customized parametrization of scene, scenarios,
and sensors

- smart integration of software algorithms into a full
vehicle simulation environment

14 Source: ADAS/AD Virtual Platform for End-to-End Software Development and Testing (matlabexpo.com) <) MathWorks:



https://www.matlabexpo.com/content/dam/mathworks/mathworks-dot-com/images/responsive/supporting/events/matlab-expo-2021/proceedings/matlab-expo-2021-adas-ad-virtual-platform-for-end-to-end-software-development-and-testing.pdf
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How is Simulink evolving?

X 1,000,000’s Parallel simulations

Simulation Manager

>> scenario = drivingScenario

Programmatic test
creation

< ) MathWorkse
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To know more about building and scaling up simulation for AD

systems, attend the below sessions:

End-to-end closed loop validation of

Bringing real world to simulation for o
e Automated Driving (AD) systems

virtual testing of Automated Driving
(AD)

November 16 | Pune

@ Ninad Pachhapurkar, ARAI
& .
) Jyoti Kale, ARAI
'//[(

Bhagayashree Mukkawar, =

Environment modeling and Virtual
Validation for ADAS/AD features

3 Munish Raj
? Application Engineer
S MathWorks india
- mraf@mathworks.com

Dr. Rishu Gupta
Principal Application Engin
MathWorks India

nshug@mathworks.com

.‘) MathWorks'

November 16 | Pune .
Chinmayi Jamadagni, KPIT Technologies
" Deepika CP, KPIT Technologies ~
[
f @ Sanket S Shinde, KPIT Technologies

m KPIT Technologies
| | e Srinivas Boppidi, KPIT Technologies
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Simulink platform is evolving to meet the demands of scaled up

simulations

VTSl T et e
0 e ‘&

Full Vehicle Simulation

Integrating models Simulation
and components Performance Operationalization Scenario Simulation

17 - ) MathWorkse
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The Three Evolutionary Forces at Play

Design
Complexity

Why are these trends important?

What are customers doing today
about these trends?

HOW does Model-Based Design

evolve to meet the needs of future
mobility?

- ) MathWorks:



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

Model-Based Systems
Engineering

Model-Based Design

R

Way|

DriveComme
MotorEncoderCount

BatteryData

o

1. Functional Requirements

1.1.Normal Mode of Operation
During the normal mode of operation, the Fault Tolerant Fuel Control
shall determine the fuel rate which is injected at the valves,

1.11. Stoichiometric mixture ratio
During normal mode! of operationthe System shall maintain the
stoichiometric mixture target ratio of 14.6

Onboar

1.1.2. Oxygen Sensor (EGO)
The em shall determine the amount of residual oxygen present in the
exhaust gas (EGO) by reading the value of the EGO sensor. During a
calibratible warm up period the oxygen sensor correction shall be disabled

1.1.3. High Oxygen Level
If the EGO sensor determines a high oxygen level present in the exhaust
gas, the System shall increase the fuel rate in, 10 maintain the
stochiometric mixture target ratio.

F_
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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-

20 architecture-modeling-of-multicore-electric-powertrain-software.pdf ’ ) MathWor kS®



How Is Model-Based Design Evolving to support the needs

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

System Composer Simulink
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Model-Based Systems
Engineering

R

SelfLocation

Way|

—

Dest|

MotorEncoderCou

Drive

Commg

BatteryData

r

a

1. Functional Requirements

1.1.Normal Mode of Operation

During the normal mode of operation, the Fault Tolerant Fuel Control System

shall determine the fuel rate which is injected at the valves

1.11. Stoichiometric mixture ratio

Durning normal model
stoichiometric mixture

s SYStEM

The System shall dete
exhaust gas (EGO) by

Model-Based Design

Composer™ pridges the gap

e between Model-Based Systems

If the EGO sensor det|
gas, the System shall §

—— Engineering and Model-Based Design

Camers




How is Model-Based Design evolving to address software
complexity?

Automated Test and Verification

Find bugs Manage tests Check & Coverage Inspect code

|=| Fan Speed = 1300

sldemo_fuelsys = Code Verification Results : Verified
Created by Revision: 2 1 Models

e 1 Function Interface Verification Results : Verified
Files

Function

Integer overflow Objectives
Overflow Error - needs - View
simulation test case

ARCHITECTURE

Fan Speed

oro R ,
mo_roll_inttialize

Actual Reuse mo_roll_step

88.4% Model To Code Verification Results : Verified
High Integrity

Target speed

185 88 Status Details
Model Complexity

Pl Controller

Verified

Blocks

Simulink Design yerifier Simulink Test Simulink Check Simulink Code Inspector
Polyspace Bug Finder Simulink Coverage

< ) MathWorkse
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To know more about handling system and software complexity

] TATA
£ /. CONSULTANCY
SERVICES

MBSE Approach for designing

Functionally Safe Electrification % % T
= e
Systems - .
AIIHID[iIES'yStﬂI’I, archi re al . Py
i st g
._'I <‘
Tty ot

Date : 16" November, 2022

MBSE and Functional Safety solutions for Next Gen Architecture

Functional Safety and Cybersecurity

Early Verification and Validation Using Model-Based Design

urity, robustnes

Integrate int
platforms

Instances

thWorks AUTOMOTIVE CONFERENCE 2022

Polyspace & Docker

PolyS

-
pace

. ) MathWorkse
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The Three Evolutionary Forces at Play

Collaborative
Engineering

Why are these trends important?

What are customers doing today
about these trends?

HOW does Model-Based Design

evolve to meet the needs of future
mobility?

- ) MathWorks:



Trend: An increased demand for Agile team-based
workflows

O

O

Shared team

Vs
) q
environment @

-~

\J4
Collaboration | N

Simulate

Continuous Integration & Test

- . ) MathWorkse
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Integrating model-based approaches in a Software Factory

F---------------------- LB B N N N |
=

Dashboards

Continuous Monitoring & Management

System Vehicle
Engineering Project and Test Management — Fleet Testing

Agile Boards

(@ntinental

= eclipse

Polyspace BF
4

Develop and Check

“Software
Cenric”

System
Composer
. Q MATIAB ¥ JFrog
y git O 8 A O wincioy
Software

Implementation Generated .I I.
Code

Models C/C++ Code

Scenario Models Scenario Models Scenario Models

Architecture
Models

Continuous Deploy,
Test and Operate

Requirements and
Architecture Design

Package and Store

- ) MathWorks:
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How are MathWorks tools integrating for Continuous

Development?

System
Engineering

Agile Boards

m = eclipse

()
§ Polyspace BF
5 4
(77}
5 Develop and Check
System
Composer

System Models

Implementation
Models

Scenario Models

Software

Architecture
Models

Requirements and
Architecture Design

Software Factor
Project and Test Management

Product Area Planning

Polyspace Code Prover

RoadRunner Scenario
Build and Static Testing
Virtual Dynamic Testing

®

Cl Pipeline Production
Artifacts

Lg®!
»

System Models 8

Test cases Test cases
Generated
C/C++ Code

Scenario Models

Package and Store

MATLAB Projects

MATLAB Projects

RoadRunner Scenario

Virtual Integration
Virtual ECU
Virtual Scenarios, etc.

R
Cl Pipeline

» &>

System Models

Scenario Models

Vehicle
Fleet Testing

Continuous Deploy,
Test and Operate

p ) MathWorks:
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To know more :

Software-Defined Vehicles: Workflows for
In-Car and Cloud Applications

FPrasanna Deshpande, WathWorks MNukuwl Sehgal, MathWorks

&

Al Deployment on Embedded Systems and Cloud Al in Simulation : Reduced Order Modeling

OVER THE AIR UPDATE Reduced Order Modelling

SIMULINK
=
L]

[

A

L )

Inputs - @ -

Al model

Simscape
Powertrain Blockset
Vehicle Dynamics Blockset

Integrating Model-Based Design with CI/CD for agile workflows

remote

Could be
developed in
third-party
tools (e.g.
GT-POWER)

push artifacts

Push/Merge/et \ \ \ {
trigger via CodeGen B2B  MISRA i
webhooks - - —

push

build notification

Al in Electrification : Battery SOC and SOH Estimation
Battery SOC estimation

Background:
« Training data* contains an experimental data for Li-ion battery while powering an EV during a
+ driving cycle with an external temperature of 25°C
» Data contains 5 predictors (voltage, current, temperature, average current & average voltage) &
1 response (SOC)

Objective:
* Predict Battery SOC for 4 sequences of temperatures (—10°C, 0°C, 10°C & 20°C) for the driving cycle |

RO
70% Charge . e T

Remaining

SOC Estimation for different External Temp.

< ) MathWorkse
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Trend : Bridging Gap between Industry and Academia

Basic Research

Discovery
Research Graduate Education
Universities
Workforce Training
Future Researchers
Knowledge Innovation
Curricula Expertise Applied Research

Tools and Technology
Product Development

Undergraduate

. Industry
Education Skilled Labor

- ) MathWorkse



Bosch and National Institute of Technology Calicut
Collaborate on EV Course to Prepare Students for Industry

Challenge

Address the shortage of automotive engineers with system
engineering skills

Solution

Jointly create a new undergraduate course in model-based
system engineering as part of a collaboration between

s BE P .
RS £ ¢ TR Jrdids e

academia and indUStry Pradeep Kumar of Bosch India lighting the ceren;onial Iamb
with Dr. Sivaji Chakravorti of NIT Calicut before signing the
ReSU ItS agreement.
Months of on-the-job training eliminated “The collaboration between NIT Calicut, MathWorks,
Enrollment increased by 250% and Bosch narrowed the gap between academia

90%+ positive feedback received and industry, producing an electric vehicle system

engineering course that has been both well received
by our students and highly useful for them as well.”
- Dr. Kumaravel Sundaramoorthy, NIT Calicut

3IIinkto user story - ) MathWorkse


https://www.mathworks.com/company/user_stories/bosch-and-national-institute-of-technology-calicut-collaborate-on-ev-course-to-prepare-students-for-industry.html

Enabling Collaboration to strengthen Mobility Eco-System

Industry

Curriculum Engagements
Industry Bosch & NIT Kozhikode
ready “Model Based System Engineering for EV”

Curricula
Ather Energy electric scooter

Industry Associations(SAE, ARAIICAT)
Student Competitions & Hackathons

Accelerate
development

Customer
Success

Accelerators & -
Anytime, Anywhere Access for Ed ucatlon

Startu pS Faculty, Students, and Visitors .

Self-Paced Online Courses

I = Getting Started
L - e e AT e ~r "_r' & - -
L : " © o "R - T|E |
_— - Deep Learning Reinforcement Machine Image Signal Optimization Wireless

2 = 0Ccessil il Communications
Onramp Leaming Onramp || Leaming Onramp P:)nfam:g Pmﬂg A Onramp
MATLAB and Simulink MATLAB Online and MATLAB Mobile e e e - —

for Desktops Simulink Onli 1‘ D = 3
S Control Design Sii Circuit
Simulink 2 Stateflow SMSCAE % :

Onramp Om_amp_ with %?llmp Onramp Simulation

P> Goerr | O i s i Workse
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Summary :Evolution of Model-Based Design for Future Mobility

Need for Virtual Development and Test Grounds Handling increasing system and

software complexity

Bridging the gap between
Model-Based System

Systems simulation to Full

Vehicle Simulations Simulation Design
Environment to Scenario Based Scale Complexity Engineering and Model-Based

Simulations Design

Collaborative
Engineering

Building innovative features and

enhancing existing products Workforce mobility and skills
+ Integrating model-based approaches * Enabling collaboration to bridge gap
in a Software Factory between industry and academia

33 - ) MathWorkse



MathWorks
AUTOMOTIVE <) MathWorks
CONFERENCE 2022

Please provide your Feedback for this Session.
You will also receive a Feedback Link via SMS on your registered Mobile Number

https://tinyurl.com/ypr9z7rx
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Enjoy the conference
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