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What do you think is the record-breaking time set by AMZ Racing for
going from O to 100 km/h?
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Panel Members

Moderator: Sree Varshini Veer Alakshendra Abhisek Roy Rahul Choudhary
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Key takeaways

System Level Validation & Large-Scale
Modelling Testing Studies
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What do you think is the record-breaking time set by AMZ Racing for
going from O to 100 km/h?
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AMZ Racing World Records
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Key takeaways

System Level Validation & Large-Scale
Modelling Testing Studies
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Challenges: Ford: Model-Based Agility with FASST

THE CHALLENGE OF FULL VEHICLE SIMULATION

—
EESE
Matlab 2012a 32bit

Chassis
Matlab 2011b 32bit +target link

Status Q1-2017

VehDyn CAE
ADAMS

CarSim
Dspace ASM
X IPG-Carmaker
a7 Yerso ' Mathworks-VDBS

. I

’
VST
‘>§ =

4 P

Powertrain
Matlab 2015b 64bit + MBD

Chassis
Matlab 2014b 32bit

For virtual development of distributed systems all teams have to work together | 5

Link to article
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https://www.mathworks.com/videos/model-based-agility-with-ford-automated-system-simulation-toolchain-fasst-1592849717839.html
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Challenges: MathWorks observations

Virtual Virtual

Prototyping

Validation

= Companies are deepening virtual development
— Increasing reliance on system-level simulation for development v
— Using physical prototypes for confirmation and final validation Virtual Integration
— Focus on powertrain, vehicle dynamics and ADAS / AD

= Common challenges

— Integration of both physics and
software models

— Access to “right level” fidelity
models across organization

— Deploying models to users who
aren’t tool experts
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Ford: Model-Based Agility with FASST

Link to article

FORD AUTOMATED SYSTEM SIMULATION TOOLCHAIN (FASST)

Vehic

le controls

()

FASST USER

4\ MathWorks:

AUTOMOTIVE CONFERENCE 2020

Feature model BOM
(Bill Of Models)

GitHub

MODEL REPOSITORY
Populate ECU contents from functional
Build \ software model developers

system/skeleton —_—— =
model Brakes Camera ’[
& i Emm————

Include components

: —
T
«iE»  ADAS_Feature —

z - . T T o T =
| - - VEHICIE ___
Yol s = - VDBS N
N - - + CarSim
+ Carmaker —
T |

Go Further
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Ford: Model-Based Agility with FASST

THE FASST“ONE CLICK" SYSTEM MODEL BUILD

VEHICLE

‘D YNAMICS
<’a BLock SET

‘ Cal'SIM g1PG

ECU Architecture ECU Models & Plant Interface Vehicle Plant
(DBC) I Components I Sheets I Models

7N Ford Automated System Simulation Toolchain % Vehicle Pl& f
| Model Build Location: C:/ ] CAN Model Interface
[ — ] Builder
Model BOM Selection: C:/ or GitHub GitHub
Repo
> ‘
‘ ‘ ‘ Browser

Builder onnect EC

and Driver
A Models to
Vehicle Mode
FASST is an automation wrapper for several linked tools that builds
the full system vehicle model from components in the GitHub cloud

GitHub @

Cloud-Based

Distributed

Model
BOM

Version Control

4\ MathWorks-

AUTOMOTIVE CONFERENCE 2020

Go Further

Link to article
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Process to build Virtual Vehicle

Create Integrate
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Motivation and Methodology

Maintain Maximi " Identify errors and
accessibility for aximize performance safeguard the

future use by hardware
the team
members

Redesign motor controller

Achieve desired performance at 100

km/h

Target 20 Nm torque on the front axis

and 40 Nm on the rear wheels.

-1 R 1
Goal Requirements System Modelling Controller Controller Verification
Powertrain of Powertrain Implementation in Simulation
’ . ’

E How AMZ Racing Designed the Motor Controller to Achieve 0 to 100 km/h in
0.956 Seconds

19
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System Modeling of Powertrain
Inverter, Battery, Motor, Motor Controller

Motor, Inverter, and Battery
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System Modeling of Powertrain
Battery, Motor, Inverter

Ideal

Hardware

Measurements
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System Modelling
of Powertrain

Controller
— _’ Implementation

o

Controller Verification
in Simulation
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How Are Companies Building Virtual Vehicles with MathWorks?

= Different virtual vehicles are built for
different use cases

= Common themes are the automation of
model creation, simulation and analysis

THE FASST “ONE CLICK” SYSTEM MODEL BUILD

GitHub == 455 2
(% ‘ 'a CaI'SINlIZJ;G_

Cloud-Based § o=
Distributed
ECU Architecture ECU Models & Plantinterface  Vehicle Plant

Model Version Control
BOM (DBC) I Components I Sheets I Models

TS\ Ford Automated System Simutation Tooichain N Vehicle Plant [
[ Model Build Location: C:/ CAN Model Interface
- . Builder Builder
[ Model BOM Selection: C-/ or GitHub ] ‘ GitHub
Repo ‘ \
@ ‘ Browser
MathWrks:
AUTOM|

onnect EC
and Driver
Models to

OB the full system vehicle model from components in the GitHub cloud

Ford: Build Virtual Vehicle in minutes

Simulation framework for highly autonomous trucks ‘
Simulink as the simulation integration platform

GM: Autonomous parking development

® BOSCH

Bosch: Autonomous truck development
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System Level Model of the Vehicle

Environment

|

Drive Cycle Source
FTP75 (2474 seconds)

L

| \
—

Longitudinal Driver

™.
L

I—P

Controllers

A 4

Visualization
—

Passenger Car
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Component Selection?
Component Sizing?
Trade-off Studies?

Detailed Component
Modeling and Control
Design?

EV Reference Application

Battery

Driveline

27


https://www.mathworks.com/help/autoblks/ug/electric-vehicle-reference-application.html

Overview vehicle model
Initial assessment, mid-size electric passenger car
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Drive cycle simulation (WLTP)

Vehicle spec. Result
Range 371 km
Battery cost 7537 %

Speed in m/s

Acceleration in m/s2

N
o

w
o
T

N
o

-
o
T

Acceleration simulation (WOT)

o

Vehicle spec. Result L

4 35 40

t0-100 kph 6.8s

5 10 15 20 25 30 35 40

Time in s
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Optimize Vehicle Performance

Given the vehicle model, define the optimization

problem:

Obijective:

minimize f(x) = w,;*Cost - w,*Range

Constraints:

g,: DriveCycleFault < 0
d,: Range > 400 km

O3' to-100kph S 7S

Design variables

X1: 10 < Np <50 (Integer)
X,: 80 < Ns < 140 (Integer)
Xz3: 7 <Nd <10 (Continuous)

MathWorks AUTOMOTIVE CONFERENCE 2024

31



MathWorks AUTOMOTIVE CONFERENCE 2024

Optimization Results

Drive cycle simulation (WLTP) Acceleration simulation (WOT)
Vehicle spec. Target Result Vehicle spec. Target Result
Range > 400 km 406 km (&9 £0-100 kph <7.0s 6.8s (¥
Battery cost 8279 %
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Selecting Model Fidelity

CAomputationaI Time vs. Model Complexity

Nonlinear Yt "er
) Effe cts PhaseCurr [y
g .l@ — | Phasevolt MiuSodb
— o=, Realistic I i
< Actuators —
o Switching
I Ideal effects
é— Actuators t Torque
o | Linearized
© Systems veraged

Voltage
>
Model Complexity & Detall y— >
Configure your model to balance
simulation speed and model fidelity. Lumped Parameter

MathWorks AUTOMOTIVE CONFERENCE 2024
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PMSM FEM-Parameterized
PMSM
4 Torque t Torque
Current Current
Saturation

Saturation +
Spatial Harmonics
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Selecting Model Fidelity

No-load voltage (V)

System-Level Behavior Component Validation Component Design

Low Fidelity

Infinite Charge

No-L

oad Voltage vs. SOC

~
N
N

-1

oo O o
o000

@
@

1
_2

State Of Charge (%)

\

High Fidelity

Cell
Behavior

Charge/Discharge |
Finite Charge, Fade, Charge
Temperature Dependent Dynamics
Voltage
.
.

-
[:)m.cuz

==

Time (s)
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Key takeaways

System Level
Modelling

Virtual Vehicle

Virtualization and Virtual Vehicles
System-level models
Powertrain Systems-Optimization

Validation &
Testing

MathWorks AUTOMOTIVE CONFERENCE 2024

Large-Scale
Studies
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AMZ Racing Motor Control Deployment and Testing

FOC Simulation - phase currents at 28 000 rpm

60 —SM |a} ‘

p—SIM N
—SIMI1_

40

N
o

o O
o

N

Current (A)

N
o

D
o

Simulink FOC Motor Controller Model

0.0206 0.0208 0.021 0.0212 0.0214 0.0216

FOC hardware test - phase currents at 28 000 rpm
°

Accuracy of the simulation model

Realistic representation of the
hardware

« Controller gains

2.2 24

2.6 2.8

3 3.2
Time (seconds)

x1073

] Comparison of FOC simulation
and hardware test

39



[Palfoc_extended b (8] MotorControl b [5]FOC_Sumisink (FOC_Moduiator) ¥ (8 PWHM b (8] Simalink b (5] W1 B (8] SinePWW b 53] Sine PAM1 B (85 THIOWM »

‘Implementation of the HIL simulation running on the
oat machine

MathWorks AUTOMOTIVE CONFERENCE 2024

AMZ Racing Motor Control Deployment and Testing

Current (A)

FOC Simulation - phase currents at 28 000 rpm

N
o

0.0206 0.0208 0.021 0.0212 0.0214 0.0216

FOC hardware test - phase currents at 28 000 rpm

2;2 2.4 2.6 2.8 3 3..2
Time (seconds) %1073

Comparison of FOC simulation
and hardware test

40
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Validation and Testing Track Test
Vehicle Dynamics

2 FFamp stfer MB v‘alidatiorl . ‘
Simulation Driver-in-the-Loop
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FEV parameterizes and benchmarks VVC generated vehicle models

— - Virtual Vehicle
o= - - Composer
i g oy B
A Sreion e rontSupemson
= a | = 7). = FEl =
=] & L el ) e o || B
= -l — _|ressscimecen [ 31 T B
“can S
s -I:"—]_ - e
%Atuuﬂ ‘ 1' fl=o2 ||w‘:1‘ﬂ|~w i
- e - =aeees == - >
= S A BETE Gy ™ " e waes T e
uuuuuuuu A 3 1 r  ———— |- = = =T re
ol 2PN = B M) &
L ia % -, e e : |
Call Sysem Rear Wihacls. Rear Ade : ase | Transmissen Fronthdde . FrontWheak

aaaaaaa

HV Battery Current
| | | | I | | I I
w—  \/VC Model
== Benchmarking data

HV Battery Current / A

1 1 1 1 | 1 1 1 1

200 400 600 800 1000 1200 1400 1600 1800 2000

o

“As a new user of Virtual Vehicle
Composer and Powertrain Blockset, we
were able to quickly configure,
parameterize & generate a model that
matched our real-world vehicle test data
within a few percent RMSE”

— Ahmed Uddin, FEV Engineering Manager
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Validation Workflow

EUnS— - e e =
(TS NN IS _,
p BMS_State [—— [ _
[ Oh =7
@)
su StateRequest
: - s 7\ [
Dg@@ e Tune PI controllers by
s e Using Field Oriented
a0 st Control (FOC) Autotuner
B Lo Computes the gain values of the PI
s oo
controllers within the speed and
Do ODDD aaiona 12y current controllers by using the Field
[} Oriented Control Autotuner block.
b B RN N
Open Example
Eryr
Environment -
» Visualization
K
\ ™. .
Ll Ll
—
Drive Cycle Source
FTP75 (2474 seconds) Longltudinal Driver — Cr——
Controllers
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Hardware-in-the-Loop Validation

Algorithm Model

Controller Plant Models

47



MathWorks AUTOMOTIVE CONFERENCE 2024

Navistar uses a data-driven approach to perform HIL simulations of
the thermal management system for electric trucks

Procedure for refrigeration system modeling for HiL

NesTar | T

Refrigeration model overview - Cabin Cooling

* The cabin is in thermal contact with
refrigeration loop

* Refrigeration loop expels its heat to
the environmen t

* The refrigeration loop contains four
main components, an evaporator, a
condenser, a compressor and an

expansion valve

* Evaporator and condenser are both

refrigerant to air heat exchanger

nevisTar | @

Generate data-driven
Model of the
chiller system

Simscape based thermal
System model correlated

coolant temp sensor 1
RMSE - 0.9 ¥

Vehicle Correlation

coolant temp sensor 2
RMSE - 0.7 @

well with the vehicle
nrvistar | @

Cabm HVAC Model Overview - Simscape v2022b

Workflow extended to

J
The refrigeration = ]
system in cabin vmﬁ* ———
cooling T ]
)
J
iy ]
Building real-time model s
of cabin cooling system N
nevismar | @

in Simscape Fluids

J
J

= fﬁﬂw‘“q = (4 Gemornen
- fommst g E’E’:‘"‘ Compressor
' & 341 Evaporator
—®
:I""'T_;" Le= == Sggabin
~Ee—3 o

Link to Article 49



https://in.mathworks.com/content/dam/mathworks/mathworks-dot-com/company/events/conferences/automotive-conference-michigan/2024/na-2024-mac-class8-ev-cooling-navistar.pdf

HIL Testing of BMS hardware

BMS HIL System

Cell Monitoring
Unit

Battery
Management
Unit

MathWorks AUTOMOTIVE CONFERENCE 2024
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BMS HIL System

HIL Simulator

Performance real-time
target machine
Battery

Management
Unit

Cell Monitoring
Unit

N BMS
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BMS HIL System

HIL Simulator

Performance real-time
target machine
Battery

Management
Unit

Cell Monitoring
Unit

Cell Emulation
Battery Cell Emulator

N BMS
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BMS HIL System

HIL Simulator

Performance real-time
target machine

Cell Monitoring Battery
: . Management
Cell Emulation il Unit
Battery Cell Emulator
L BMS,

Measurement and Cell voltades

Controller Interface J

Battery pack

current Battery
pack voltage
Cell temperatures

53
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Success Story: Leclanché
Next Generation Li-lon Battery Packs for Autonomous Vehicles

Challenge —

= Unable to test and verify new BMS algorithms in realistic operating "
conditions before connecting to actual battery packs.

= Late bug discovery and no preliminary testing can damage batteries

= Poor development tool compatibility leading to manual testing

Solution

= Use Simulink and Speedgoat products for HIL testing of BMS

= Test platform with fault insertion, CAN communication, and
Speedgoat battery cell emulators

= Use Simulink Test to thoroughly validate BMS and
battery state estimation algorithms (SoC, SoH, etc.)

Energy Storage Solutions

Results

= Reduced testing time with automated testing by 50%
= Increased test coverage for safety features by 40%

= Faster development with early bug detection

“Speedgoat together with MathWorks
products offer a very efficient workflow to

Unified Platform for Control Design & Testing

design, test and validate algorithms for
Battery Management Systems” q

- Marc Lucea, Senior Application SW Engineer

Power Management |-

1
N



Key takeaways

System Level
Modelling

Virtual Vehicle

Validation & Large-Scale
Testing Studies

Model accurate System

Virtualization and Virtual Vehicles
System-level models
Powertrain Systems-Optimization

Correlation with real world behavior
ROM workflows

MathWorks AUTOMOTIVE CONFERENCE 2024
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| MathV. \ ) )
Transitioning from Desktop to Cloud

-  Why would you want to use the cloud?

— Offload computational load from your
working machine

— Scale up computing power (RAM, GPU,
multi-core CPU, etc.)

— On-demand access (“elastic computing”)
— Proximity to cloud-based data repository

= It's easy to port your code from
desktop to cloud-based workflows
— No need to rewrite your algorithm
— Supports both Windows and Linux

Learn more:

Parallel Computing Toolbox
MATLAB Parallel Server



https://www.mathworks.com/products/parallel-computing.html
https://www.mathworks.com/products/matlab-parallel-server.html

| MathV. \ ) )
Leveraging a Prebuilt Cloud Configuration via Reference Architecture

Remote Deskiop e - MathWorks provides Reference
o 2 e — Virtual Machine Architectures for specific _OS
""" mor = 4\ @ and software stacks on Virtual
LN | Machines (VM) in the cloud
— =)=
/ Architecture Diagram
< aws
- Select VM with desired hardware setup, ([ V|
then apply Reference Architecture “-—- ® i |
Learn more:

MATLAB on Amazon Web Services (AWS) 60


https://github.com/mathworks-ref-arch/matlab-on-aws-win
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Rivian Scales Full-Vehicle Simulations with MATLAB and
MATLAB Parallel Server

Rivian develops a scalable and easy-to-use platform
to configure, run, and postprocess large numbers of
full-vehicle simulations.

Key Outcomes/Results

Context menu options to
copy/paste, modify vehicle;

= Reduced redundancy, increased reuse, and : -1
improved throughput for simulations using R
MATLAB and Simulink

= VSI platform built with App Designer eliminated e VSl teer mtor e,
bottlenecks caused by multiple simulation
requests | | Designing and building the Rivian Vehicle Simulation

: Democra_tlzed access o Slr?lu'at'ons for Interface platform with MATLAB and Simulink enabled us to
engineering teams across the company achieve our key objectives. We created a single platform for

engineers and nonengineers alike to run full-vehicle
simulations, postprocess results, and create reports.

Link to article
61



https://www.mathworks.com/company/newsletters/articles/rivian-scales-full-vehicle-simulations-with-matlab-and-matlab-parallel-server.html
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Rivian Scales Full-Vehicle Simulations with MATLAB and
MATLAB Parallel Server

Simulation Workflow

Simulation

scenarios . _ o~ .. Subsystem
o o Target e o o e N y il [ﬁ]],,%.,
ﬁiﬁ ﬁ:ﬁ Tt | g a» @ I DT modets
[ K K o ok { > M <> ) . ..",'
Key Metrics - - - -
Leaders A Attribute Engineer Simulation Engineer Modeling Engineer
il

s }‘L
I& Q(“\ (/fw Full vehicle model

Simulation |

results . .
Execute simulations
one by one

software

RIVIAN Scaling Vehicle Simulations 7 MathWorks Automotive Conference 2023

Link to article
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Rivian Scales Full-Vehicle Simulations with MATLAB and
MATLAB Parallel Server

The Challenge

Simulation

® ° T ® 0 ©° scenarios B N Subsystem E@ [in]lg’
2= /. aoee P 2T modes
[ K ] dAoh ok mn_
Key Metrics a a & sy I -i
Leaders A Attribute Engineer Simulation Engineer Modeling Engineer
Al

1

a8
- Lack of standardization of vehicle data —

%\L @ B Full vehicle model
- Ad hoc post-processing &/ &)

Simulation
results Bottleneck with sequential

simulation workflow

Execute simulations
one by one

e . . ——— e : — =58 ' —
= J B = :E—" = i
3 - R— b e e
[ o o o R __ - :: 4 & &2 g :

Commercial
B | fhEEE s ! software

Complexity of running simulations for non-simulation engineers
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Rivian Scales Full-Vehicle Simulations with MATLAB and

MATLAB Parallel Server

Vehicle Simulation Interface (VSI)

C 4] VSI Ul built in App Designer deployed as a MATLAB toolbox or a compiled app

File Edit Options Help

Select Vehicle  Soloct

Lotost @
Prebuilt Vehicle
R1T Adventure Launch Edition

i suid

Al Vohiclo-specific (@

Summary

Vehicle Spec

Vehicle Database RIT Adventure
ESS On. Na.
NCA - Large Battery Pack

Powertrain
Quad Origin
Front drive unit

Origin FOU

Rear drive unit

Origin ROU

Front tires
Sport 22°

Roar tires

Trailer
None

Select Test

Launch

Acceleration Repeats

Highway Acceleration
V40 to 70 mph Highway
V50 to 70 mph Highway
V80 to 80 mph Highway
V30 to VMax mph Highway
V70 to VMax mph Highway

Sustained

Track

[

Test run/load case
selection

[ B

OsoL @0
VSiLavet Daveloper

SmTes Run ResﬂsBmlwsM
Load saved Browse previous
studies simulations
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Simulation Piggybacking

i User A creates a simulation “study” and notices that some simulations have already been run.

Simulations

Vehicle

1

2

3

PRI 17 Adventure Launch Edition
ERRN w15 Achveriture Launch Edition
LR 5 #ctvortuno Launch Edition
7

s

CON o< Doivory van

LN cicric Deiivery van
RERN o< Doivory van
[ERN cicric Deiivery van

VDB File Test Run Name Tost Run File

Launch Accoloration BOL | Wal.comSharos.

Launch Accelerstion -BOL | Wraicom\Shares.. | defoult

Vehicle Settings

B x| C

TestRun Settings Description Status

(UsorSotting’:("MassCon_| dofaut
w40to 70 mph Highwray B | WaicomShares.. | defoult

ogen fopeat
RampSteer LIROFT LH45...| Wi com\Shares.. | ( Modelfidelity”{ Suspen_.

aicomSharcs._ | dofauit

BatteryTemp ™20

V4010 70 mph Highway-B_.. Waicom\Shares... ( ModoRidolity’{ Suspen..| dofaull
umicomiShares. | v60 mph Regen Repeat- | raicom\Shares.. | defouit defauit

Ramp Sioor LITON LA4E... | Walcom\Shares... { Modelideliy{ Suspon.

WmecomiSharas.

Accsloration BOL | Waicom\Shares... dofautt

‘usicomiSharas_ | w40 to 70 mph Higiway-B_. ralcom\Shares._ | (ModeFfidality’:{ Suspen..| defaut

ncom\Sharas.

Wusicom\Shares_ | Viegas Traffic Flat-BOL

Rogen Rapeats——. | Wl arcs.. | dotault cotaut
raicomShares .| dafault defauit

User B works in EST. User B configures a study and notices that most of the simulations have been
1 simulated by User A. User B creates two additional simulations for towing studies.

Vehicle.

ESN v17 Achvariuro Launch Ediion

ERRN ¢ Achveriture Launch Edition

s Acventure Launch Edition
e

VDB File Test Run Name Test Run File

.| Launch Accoleration-BOL |\rai.com\Sharcs..
Wealcom\Shares._ | v40 10 70 mph Highway-B.. | \raicom\Shares.

Vsl com\Shares._ | Launch Acosleration -BOL | ‘raicom\Shares.
Wal.com\Shares...| v40 1o 70 mph Highway-B.. | \rslcom\Shares..

Vs com\Shares...| V60 t0 70 mph Highway-B.. | \ralcom\Shares..
s com\Sharos._.| V60 10 70 mph Highway-B.. | Wraicom\Sharcs_.

Vehicle Settings TestRun Setiings Bescription Status

[UserSetting " MassCon.. | default
defalt dotout

datault ]
dafautt dotaunt

MM { DriveMode™ E-. | defauit

dafautt catount

User B saves time taken to run 4 out of 6 simulations in his study that were previously simulated
“=_/ by other users including user A.

RIVIAN

Scaling Vehicle Simulations

& User A only runs the red and amber simulations from this study

Vehicle
RPN 7 Achentura Launch Ediion
ERRN 1 Achenture Launch Editon
EWAN T Achentura Launch Edition

Vehicle

VDB File

“alcom\shares..

Wakcom\Sharcs_

Orsicom\Sharcs_

VoS File

Test Run Name

[Py —l
401070 mph Highway-8.
60 mph Regen Repeats-_.
Ramp Sieer LINOMLH 45..

Launch Accsloration 801
-MIanNM{. [
vamm Regen Repeats-
Romp Stoor LGN

Launch Accaloration BOL
401070 mph Highway B
60 mph Rogen Repots
‘Voges Traffic Fla BOL

Tost Run Name o

.| Launch Accalecstion-BOL
|40 1570 mph Highway 8

.| V60 meh Regen Repeat
| V60 to 70 mph Highway 8.

Test Run File

WratcomShares..
com\stares..
raicom\Shares..

Vehicle Settings Test Run Settings

| (Usersatting(MassCon.. | detaut

ot
datat detault
"ModalFidalny”{ Suspen.. | defautt

ot BattoryTomp 200

("ModalFidalny":{ Suspen...|detaull

s | dotault dotault

rmcomShares_
wemcomShares_
s com\Shares_

Wicom\Shares.

st Run File

Venicie Settings

[ "ModolFicalny"{ Suspen._ | dotautt

ottt cotaut

("ModalFidolRy"{ Suspen_ | dofault
dofatt defaut
dofautt dofaut

User C works in PST. User C configures a study and finds that ALL simulations have been
completed. User C goes ahead with analyzing the data and creating reports.

Test Run Setings.

(UserSatting’{ MassCon.| it
ot
dofaut
dofaut

C

Description Status

f) User A saves time taken to run 5 out of 12 simulations in his study that were previously simulated by
=/ other users.

Deseription

=} /) User A does not run any new simulations. Uses existing results and post-processes.
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Rivian Scales Full-Vehicle Simulations with MATLAB and
MATLAB Parallel Server
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Overhead vs Simulation Time

% of time ___ % of time running Czﬂffe 1
Choice 2
overhead
Choice 3
Total time (s)
Sequential Parallel Local Parallel Cluster
Single short
simulation
180’ 1915 2485
4 short
simulations
6505 523s 492s
4 long
simulations
9004 s 4126 s 28955
14 long
simulations
33860 s 12980s 4108 s
RIVIAN Scaling Vehicle Simulations 23 MathWorks Automotive Conference 2023

Time Taken to Run Simulations

Benchmarking Overall Time Taken to Run Simulations

500 .

400

300

Minutes

14 Long Simuiations
4 Long Simulations

4 Short Simulatians Sequential
: Parallel Local

1 Short Simulation
Parallel Remote

RIVIAN Scaling Vehicle Simulations 22

- Sequential is fastest for single short simulations

- Parallel simulations on cluster is best when running
multiple long simulations

- Parallel local is best suited for developers testing

changes to models
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Integrating Components models with System Level Model
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.
Virtual Vehicle Composer App Offers Uniquely Flexible Solution

4\ MathWorks

type
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System Architecture

System-level models to quantify
vehicle range, battery performance,
and costs
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Test Cases

System-Level
+ AC-colofi-Humidity Temp/Elevation
- AC-oniofHumidty TempElevaion Test Cases
Differart Drive cycles- MIDOWOT
Companentdevel

4\ MathWorks
Battery Thermal Behaviour for Fast Charing

PMSM controlier simuasion for performance
EV Thermal Managemen! controller perlomance

Component-level

Battery Thermal Behaviour for Fast Charing
’ + PMSM controller simulation for performance
= EV Thermal Management controller performance
/ > - Wy~ l b Interested to understand the performance of these subsystems when
- 4 >—-ag I8 integrated with System Level Simulation!!
Battery Team E-Powertrain Thermal Management
Perform detailed battery Perform detailed Motor Boe inisn s dics
Simutate Batiery Thermd Behavior 2SS " EPowertrain — * ieS J Electric \ehidie Thermrad Management =

Developing EV Components Using Virtualization and Scaling to the Cloud
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NIO Inc: Building Battery State-of-Health Estimation Pipelines for
Electrified Vehicles

Cloud-based Architecture

Battery t

MATLAB 4 n
docker - SIMULINK Grafana
Venhicle Insights
Data

a Vehicle Data

. venicle bata Data Store Vehicle Data &

. Insights
‘ Vehicle Data e .

%* elastic
Simulated Visualizations,
Fleet Alerts, Annotations

2 NIO
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Key takeaways

System Level
Modelling

Virtual Vehicle

Validation &
Testing

Model accurate System

Virtualization and Virtual Vehicles
System-level models
Powertrain Systems-Optimization

Correlation with real world behaviour
ROM workflows

MathWorks AUTOMOTIVE CONFERENCE 2024

Large-Scale
Studies

Desktop to Cloud

Large scale simulation
Digital twins
Synthetic Data Generation
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