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Technology Megatrends Driving Automotive

1. Vehicle Electrification
2. Autonomous Driving
3. Connected Vehicles
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Software is reshaping the automotive industry

THE WALL SITREET JOURNAL.

In the future every
" Why Software Is Eating The World :
- company will become a

By Marc Andreessen

software company

This week, Hewlett-Packard (where I am on the board) announced
that it is exploring jettisoning its struggling PC business in favor of

Marc Andreessen
Founder of Netscape,
Renowned Venture capitalist
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Software is reshaping the automotive industry

Software Expertise Is Crucial for
the Success of the Mobility
Ecosystem

(Ontinental >

The Future in Motion

“Software is the oxygen for the mobility ecosystem”

More and more vehicles are being interconnected via software using
Continental’s technology. Whereas cars today require more than 100
million lines of software code for their functions, the amount of

software required for future functions will increase tenfold. “In the
cominan vears. sales with software will increase tenfold comnared to

MathWorks , -
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Software is reshaping the automotive industry

Augmenting control with One Pedal Driving (GM) Autonomous driving (Voyage)
machine learning (BMW)
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iel[Michaluki GENERAL MOTORS
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Models Understanding
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Impact of disruptive trends on us: what we see in the field

= Full vehicle simulation
— System design and study
— ADAS/AD virtual drive

MathWorks
AUTOMOTIUE CONFERENCE 2018

Utilize simulation
with limited resources
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Full vehicle simulation

nv (64-bit, PCD3D_SM5)

- Click to,

doso, RERCESE

-y R L . N

* Thirc—

= Fou

MathWorks
AUTOMOTIUE CONFERENCE 2018 10



| 4\ MathWorks

Simulation Integration: Analyses

Verification and : s - : : .
Validation Design Optimization Sensitivity Analysis Virtual Calibration
Fuel Economy Performance Energy_ Drivability Ride & Handling
Consumption
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Simulink
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Atsumitech evaluated FCV system with MathWorks tools
TSNS

E - fl uH' ki ‘f‘-. EESEEE! |

components development
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* Trade-off study for Hydrogen
amount with various driving

scenario . 4 _ T e —_
. MOTOR = | =
« Evaluate the required hydrogen /80X I
amount while transient changes =l ] -
In pressure and temperature of I =
the hydrogen tank D*;Lj\\/X?/AW%Simscape'@ﬁﬁﬁbﬁ%@%ﬁﬂ][ﬁ%ﬁ%ﬁb(L\:)K'a J
« Evaluate the effect of energy A et
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e o I
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Nissan deployed common plant models in the process

« Common Plant model in system
requirement study, component
and software integration test,
and software quality verification

 Test cases are also
commonalized through the
process

 Fast simulation speed with high
accuracy Is the key

* Integrated with existing plant
model with Powertrain
Blockset

MathWorks
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= Lightweight and high-precision model

Common plant model

To verify the control algorithm, it is important to evaluate software accurately and quickly

» Devices, Transmission and low fidelity vehicle model built with Simulink
» Powertrain Blockset is used for Engine model

srmmsemrmmes iy | (TR " tihdton
[] = Gaogoun
* e LOOO00
Partial Bypass Full Bypass
& Partial/Full MIL [ & Full MI

[

,,

=3 E
Plant model is commonly used for RCP, MIL and HIL
Whle proect schedule handing, hay mb

Common Plant models =
Plant modeling Tool

MATLAB
4\ Simulink

—
—_— 4\MATLAB . ¥
- Simulink

Device

Engine Vehicle

Transmission

4 ,-.. D ’ )__ -11':'

ay—_ o
4\ MATLAB
Simulink

©2019 Nissan Motor Company Ltd. All rights reserved

"
N

Add-on Toolbox: Smuliok
Powertrain Blockset
-Matlab/Simulink based Modeling Tool

NISSAN MOTOR COMPANY

-Resizing Functionality
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Simulink 1s Simulation Platform

[GT.-I}E”"&“% 4

{cr

152 Interfaces to 3" Party
Modeling and Simulation Tools
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(as of March 2019)
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Impact of disruptive trends on us: what we see in the field

= Scaling up embedded software development
— Agile development I\rI]eW apprﬁalclzh to
— System Architecture the new challenge

MathWorks
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Agile Values

Process and Tools
Contract Negotiation

Comprehensive Documentation

Following a Plan

“While there is value in the items on the right,

we value the items on the left more.”

MathWorks
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Volvo cars conducts agile development with Model-Based Design

TEST l

= — From planning to experimentation! @

INTEGRATE DEVELOP

Y

This is a software business trend, but we see it as well. Time is valuable and requirements
change rapidly.

‘ DELIVERY » e
w function [
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Integrate
hw & sw

New product

Ev. platform
ptagration

=
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LG
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Mechatronic,

- : i o complex &
- | ¢ (baseline) slabow

MAC 2015, Multi-Domain Simulation for Electrical Propulsion Systems at Volvo Cars, Jonn Lantz, jonn.lantz@volvocars.com
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Volvo cars conducts agile development with Model-Based Design

From planning to experimentation! @

This is a soff
change rapic

m function
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MAC 2015, Multi-Dom

MathWorks
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Linking top-down and bottom-up workflows

MathWorks

System
REQUIREMENTS

System
ARCHITECTURE

System TEST

System
SIMULATION

Component A Component
DESIGN VERIFICATION
]
Component
IMPLEMENTATION
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High

Fidelity

Low
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Systems engineering

Requirements

lysis

&

#1
#2
#3
=4
#7
#8
#9
#10

Report Help
e

Summary

Driver Switch Request Handling
Switch precedence

Avoid repeating commands
Long Switch recognition

Cancel Switch Detection

Set Switch Detection

Enable Switch Detection
Resume Switch Detection

MathWorks

Implemented
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Components
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Systems engineering

Requirements MathWorks

= AUTOMOTIVE
e CONFERENCE 2019

lysis Report Help
& (S

) Summary Implemented Verified “
[
#1 Driver Switch Request Handling | |
#2 Switch precedence _
#3 Avoid repeating commands _
#4 Long Switch recognition 1 . . = =4 =18
# CancelSwitch Detection e SimulinkE 0| 2%t AUTOSAR SW 7 &
#8 Set Switch Detection [
#9 Enable Switch Detection [———— : : :
b RO | — - From Architecture to Design to Testing
Fad
MathWorks
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Impact of disruptive trends on us: what we see in the field

- Leveraging streaming and stored data

— Data utilization in Model-Based Design workflow Accelerate development
— Digital service for new businesses and develop new business
MathWorks
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Why Data, Why Now?

Exponential rise in data intake

Connected vehicles will each generate data every
100 milliseconds while being driven, resulting in
more than 10 Petabytes by 2020; Pilot (<3000
vehicles) >18Terabytes per month being collected

Commoditization of computing

— Cost of storage drives towards zero

— Cloud enables massive parallel computing
— GPU offers computing power at density

— MATLAB makes them accessible to engineers

MathWorks
AUTOMOTIUE CONFERENCE 2018
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40 -

Connected Vehicles (%)

0 =%
2015

2020

Machine learning and deep learning are maturing

Assume

2020 Mfg.
Mandates

in Effect

2025 2040

2045 2050
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Volkswagen Data Lab

develops driver recognition

algorithms with MATLAB

Develop technology building block for tailoring
car features and services to individual

= Need to identify individual drivers based on
their driving behavior using collected data

Challenges
= Accuracy despite low training data

= Robustness despite environmental conditions

= Computing time

Data sources

- Logged CAN bus data and travel record

MathWorks
AUTOMOTIUE CONFERENCE 2018
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Suzuki motors developed drivability assessment framework
with Machine Learning

o Drivability Engine Control Development 3

Development of Acceleration/Deceleration Control at Tip INJOUT —celeration Data . 3 Drivability Score Predict
AcquIsItion and scoring ) Machine Learning
1 Control Parameter ‘ | Acceleration waves | ‘ Sensory Evaluation ‘ EESHETEE
T T
H Accelerator Opening | ““‘ f T01y2 Yu)
: o . Al )y Model f(y) £
i
Back and forth 3 ' ’
H acceleration v Acceleration Feel Of v Signal Processing Toolbox™ v Statistics and Machine Learning
: Sensory Evaluation Modeling Toolbox™
: , v Shock Feel O 5 =
: : Do fi 5 Statistical Model of Features [@ ECU Paramete
: ECU Parameter : Use @ above for feattire Optimization
Time i Combination=Wave Generate calculateion Model Based Calibration
| ii. Drivability Optimization ‘ ‘ i. Sensory Evaluation Modelingj 4 Y= f(o1, %2, %) > e
. . . - . x Model f(x y "
i.  Modeling of acceleration wave features contributing to sensory evaluation ) B, e |
ii. Optimization of drivability at Tip IN/OUT by using models of acceleration wave features that v MATLAB® / Simulink® ¥ Model-Based Calibration Toolbox™ v Model-Based Calibration Toolbox™
changes along with the changes of control parameters v Statistics and Machine Learning v Optimization Toolbox™
N [TR] [ TR U I Toolbox™ v Global Optimization Toolbox
Drivability Optimization P

7

- Extract features from longitudinal acceleration timeseries of driving behavior and build
predictive model for drivability score calculation using Machine Learning

= Optimize vehicle drivability performance by optimizing calibration parameters with Model-
Based Calibration approach

MathWorks
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Machine learning adoption in new fields

4\ Mathworks

BMW Uses Machine Learning to Detect Oversteering

Challenge

Develop automated software for detecting oversteering,

an unsafe condition in which rear tires lose their grip during
a turn

Solution

Use MATLAB to develop, train, and evaluate a variety of
supervised machine learning classifier types, including KNN,
SVM, and decision trees

Results "Working in MATLAE, we developed & supervis = Separation is needed to minimize:

= Oversteering identified with greater than 98% accuracy = Ma¢/ne leaming model as a proof of concept  False failure

= Multiple machine learning classifiers trained automatically "2"/"9 it previous experience with machine

. learning, in just three weeks we completed a " False pass
* Code generated and deployed to an ECU for real-time, ~ ~7" gr tj o o et - - P
in-vehicle testing L R R e = Diagnostic should run consistently on
over 88% accuracy.”

- Tobias Freudiing, BMW Group

Machine Learning for OBD
& BMIW M4 oversteering on a test rack. Background: On-Board Diagnostics & Boundary

= The certification test cycle: FTP75

MathWorks = |n the field: In Use Monitoring Performance Ratio (IUMPR)

AUTOMOTIVE CONFERENCE 2018 Ink !

4G Boundary

Passing Data Failing Data

3 Diesel Gasoline Systems | Gullitti DGS-EC/EAP1-NA | 5/4/2017 f@) BOSCH
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Data utilization in Model-Based Design workflow

>

Better
Field Data / s Algorithms

Synthetic
Data

Simulated
Usage

MathWorks Usage

AUTOMOTIVE CONFERENCE 2019
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One example of leveraging simulation for data synthesis

- S
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Record
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One example of leveraging simulation for data synthesis
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Record

Simulate Auto-label
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In electric vehicles, understanding
battery State-of-Health (SOR) is critical

Leveraging MATLAB-Simulink in Building
Battery State-of-Health Estim (RSREISaEEE
Pipelines for Electric Vehicles

In the product desian phase. battery data is available only under laboratory and limited driving
Vehicle Simulation Summary

Nilesh Kulkarni, Director, Artificial |
Matthew Daigle, Principal Scientist il

Cell models and battery configuration jmm_mm,m} j:-::: :ﬁ: EEE e m:;
—— petere S o redicting battery
Brake Torgue Half-Pack 50C b 3 SOC (Surface) b
Battery * =t s T e
AnalytiCS docker Wheel Traction Force ki -::’ ot Motor Torgue Cmd FR
MATLAB 4 oo SR et
SE\%II?[NK 15 Grafana LT —n T e
docker Vehicl _ _— —
enicle |n5‘ght5 3 Batiery Power Demand AL ‘Shat Torque
. Data 3Bty Power Deman .
f Vehicle Data e B
Y Gtarging OnON )Il—mll-dl'd__
6 v L
ey v T
Charging Contr o
Vehicle Data P ~*'—}
. DEIERIGI(S Vehicle Data & s
. Insights
@ Vehicle Data q .
% elastic
Simulated Visualizations,

Fleet Alerts, Annotations 20
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Large Scale Automotive Data Analytics: GM

» OnStar™ Proactive Alert — A new customer care service
— Alert before failure happens
—Transform an emergency repair to planned maintenance
—Enhance ownership experience - a delight to customers

Physical-model based algorithm generation:
* Study failure modes - FMEA

* Model physics of failure
VEHICLE PROGNOSIS * Generate fault signatures and failure

CHEVROLET: SOLVING ISSUES BEFORE THEY HAPPEN EWECLIESOIS ; _
OnStar Proactive Alerts predict when certain components need attention . Develop prOgnOStICS algorlthm

* Validate concept on benches and test
vehicles

‘,\\ .R ‘
ﬁ Q Electric Motor
wvere mm . nnw MathWorks tools used for algorithm
R y development and data analysis

Big-data based algorithm validation:
 Collect data from >1M vehicles
* Analyze warranty return parts
 Correlate algorithm outputs with
engineering assessment
» Calibrate algorithm parameters

VEHICLE DATA TRANSMITTED DIAGNOSTICS + PROGNOSTICS REAL-TIME NOTIFICATION

HOW IT WORKS WITH YOUR BATTERY

MathWorks
AUTOMOTIUE CONFERENCE 2018 31



&\ MathWorks:

Impact of disruptive trends on us: what MathWorks is working

= Full vehicle simulation
— System design and study
— ADAS/AD virtual drive

Simulink is simulation
Integration platform

= Scaling up embedded software development
— Agile development
— System Architecture

Utilize plant models
New capabilities, tools

- Leveraging streaming and stored data

Al
— Data utilization in Model-Based Design workflow MATLAB&Simulink integration
— Digital service for new businesses MATLAB scalability

MathWorks
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Enjoy the conference
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