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Who We Are

Founded: 2009, known as Rivian from 2011

Founder & CEO: RJ Scaringe Keep the World
Employees: 10000+
adventurous forever

Locations: USA and Europe

IPO: November 2021

e

Rivian R1S Electric Delivery Van
(Powered by Rivian)
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Physical Testing vs Simulations

$9$5%% G

Spec and build an actual vehicle
Transport vehicle to different locations
Run tests in real time

Handling

S %— Configure a virtual vehicle in seconds

Commercial Design testing conditions as needed
software 10x real time speeds

In the last 6 months, Rivian users have run 9000+ full vehicle simulations equivalent to about 2 million simulation miles
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Simulation Stakehold

RIVIAN

o o
Leaders

4 N

VP, Directors, Principal
Engineers, Sr. Managers take
product/program level decisions

and provide attribute targets

\_ /

8

Modeling Engineer

4 )
Development of component

models like battery, tire,

propulsion etc.

Scaling Vehicle Simulations

ers

Attribute Engineer

4 System owners of vehicle A

attributes. Includes Performance
Engineers, Range & Efficiency
Engineers, Dynamics Engineers

\ etc. j

Simulation Engineer

Create full vehicle models from
component models and run

simulations
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Scaling Vehicle Simulations

RIVIAN

Suspension System (rear axdes)

Subsystem
models

Full vehicle model

Execute simulations
one by one
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Modeling Engineer

Commercial
software
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The Challen

Targets
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& & Key Metrics
Leaders /l |:|
al A

Simulation
scenarios Subsystem
models
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Modeling Engineer

Full vehicle model

Execute simulations Bottleneck with sequential
one by one simulation workflow

ect | powertratn

Lack of standardization of vehicle data

Ad hoc post-processing

Simulation
results

Commercial
software

il

Complexity of running simulations for non-simulation engineers
MathWorks Automotive Conference 2023
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Defining a Simulation Run

Vehicle Database:

- Object-oriented

- Assemble a “virtua
vehicle from
components

- Version controlled

RIVIAN

I”

{ Simulation ]

L

[ Vehicle }

Select Vehicle  Select () Build ‘ ©  summary

Latest - All Vehicle-specific - All

Prebuilt Vehicle
'R1T Adventure Launch Edition

Vehicle Spec
RIT | Adventure
ESS ‘ On... ‘ ‘ Na...

'NCA - Large Battery Pack

| Powertrain

| Quad Origin

Rear drive unit
| Origin RDU

Front drive unit
Origin FDU

| ““ | Rear tires

'Sport 22” |

Front tires

Trailer
'None

- A typical “short” simulation (ex. Acceleration repeats) takes about 3-4 simulation minutes to complete
- A typical “long” simulation (ex. durability cycles) takes about 60 simulation minutes to complete

Scaling Vehicle Simulations

———

{ Load Case }

|

B ) 883

Acceleration Repeats
Highway Acceleration
v40 to 70 mph Highway
v50 to 70 mph Highway
v60 to 80 mph Highway
v30 to VMax mph Highway
v70 to VMax mph Highway
Sustained
Track

_

O BOL @EOL

Note on simulation duration:

11

Pre-defined load
cases:

Ambient conditions
Driver model
Speed Profile
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Vehicle Simulation Interface (VSI)

=3
4 VSl Ul built in App Designer deployed as a MATLAB toolbox or a compiled app

File Edit Options Help

Select Vehicle  Sclect (3l Build 9 summary

Latest ‘ 9 Al Vehicle-specific

Prebuilt Vehicle
R1T Adventure Launch Edition

Level: Developey

. Vehicle Spec
Vehicle Database RIT Adventure

ESS On... Na...
NCA - Large Battery Pack

Powertrain

Quad Origin

Rear drive unit

Origin RDU

Front drive unit

Origin FDU

(& =]

Front tires Rear tires

Sport 22"

Trailer
None

Select Test

Launch

Acceleration Repeats

Highway Acceleration
v40 to 70 mph Highway
v50 to 70 mph Highway
v60 to 80 mph Highway
v30 to VMax mph Highway
v70 to VMax mph Highway

Sustained

Track

Grades

Test run/load case
selection

ey

—

OsBoL @coL

VSl Level: Developer

Results Browser

|

Load saved Browse previous
studies simulations

Studies Run

RIVIAN Scaling Vehicle Simulations

Simulations

Vehicle VDB File Test Run Name Test Run File

Vehicle Settings

RTT Adventure Launch Edition Launch Acceleration -BOL \\ra.oom\Shares... default
RIT Adventure Launch Edition \\raa.oom\Shar%_ v40to 70 mph Hnghway-&. \\ran.oom\Shar& default
R Advente L Eion |11 v60mph g Ropeats-— | Wcomhars de o A

RIT Adventure Launch Edition \\rai.com\Shares... | Ramp Steer LiftOff LH 45... \\ra.oom\Shares_ {'XMM' { DriveMode™ "E... | default

R1S
RIS Adventure Launch Edition \\rai.com\Shares... | Launch Acceleration-BOL |\\raicom\Shares... default

RIS Adventure Launch Edition v40 to 70 mph Highway-B... | \rai.com\Shares...

R1S Adventure Launch Edition \\rai.com\Shares... | v60 mph Regen Repeats-.. | \\rai.com\Shares... | '

RIS Adventure Launch Edition Ramp Steer LiftOff LH 45... | \\rai.com\Shares..

e\ g gt |

Electric Delwety Van \\rau.oom\Shares.. Vegas Traffic Hat-BOL

Config: Demo Study*

O History @ Latest

Results will be stored in shared directory at: \\rai.com\Shares\Secure-Test\Simulation\VSI\results. Presentation and related tbx files will be
saved locally at C:\Users\adjayaraman\AppData\Local\VSI\SimulationOutput

»12-Apr-2023 08:05:38: Simulation results will first be saved temporarily on the local machine and then moved to the K-.

»12-Apr-2023 08:05:38: WIP data will be saved at: C:\Users\adjayaraman\AppData\Local\VSI\SimulationOutput\WIP

»12-Apr-2023 08:05:51: VSl initialization complete

> 12 Apr-2023 08:08:46: Please wait whlle the VDB vehlcle flle is bemg created for thls configuration...

DODO_ OO OO OO A LWL N Y M A LSO AT AT M

Message Center

12

Test Run Settings

Description

Simulations grouped by
vehicle platform. Each
row is a unique
simulation. Black rows are
“sections” and grey rows
are “simulations”.

Red: Yet to be simulated
Green: Completed simulation

Amber: Completed simulation,
results out-of-date

Cluster Info | StopJob || Stop Task | Refresh

Run & Post-Process

> Run Simulations

|
Parallel PNG I
Excel TBX |

|

Create Reports

MathWorks Automotive Conference 2023



Running Simulations

Blue rows are rows selected by user to simulate
Purple status indicates simulations running in the background

Simulations *Simulations run on Simulink +
commercial software using MATLAB
API. Uses base workspace.

VDB File Test Run Name Test Run File Vehicle Settings Test Run Settings Description

I E—
1V Launch Acceleration -BOL | Wrai.com\Shares... |{ "UserSetting™ { "MassCon...
2 vAQ to 70 mph Highway-B_. | Wrai.com\Shares... | default

et elcomstae

e e

- I E———

\\rai.com\Shares... | Launch Acceleration -BOL | \\rai.com\Shares..

ot Tome ey . icomstue

oo o

anp s O 115 comtae

]

eov ]
I ic.ctric Delivery Van \\rai.com\Shares... | Launch Acceleration -BOL | \rai.com\Shares..

Auto-generate vehicle
model

|

Handoff to simulation software
using MATLAB API

i

|IIIIIIHIIIIHIIIIIIII

Logged data sent to

I .
e e
LS S
L S
L A
I .
ws P
[
L S
L
I .
C-
C
-
N S
e
- B
- B
- B
- B
- M

IIIIIIIIEIIEEEIIE

MALTAB workspace
0 w010 TOmphHgay 5| WcomShore-
TR cocicDeivery vin | vicomhares_ v60mph Regen epeats- | aicomhares. —
Time Vehicle SOC Front Left
(kph) (Nm)
12 [ N I 2
- I B savelogged datainparauet| G [wie] we | v |
15 [ R format Praver | P 2 L P
7 [ R \
1z I ]
Config: Demo 5tu . . ~
& Bemo Study Archive results in shared )
directory =
2
il 4
<
: Aggregate raw data to
Auto-generate PowerPoint ‘ : .
- grts e Report_ status.agalnst target generate key metrics using
— — . <
P A in requirement in-house MALTAB
management system toolboxes
RIVIAN Scaling Vehicle Simulations MathWorks Automotive Conference 2023
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Simulation Objects

Simulation inputs

RIVIAN

Create Model

Run Simulation

Execution

Post-Process

Extract Metrics

VSISim superclass

Share Results

~

- Properties

Methods

/

Software specific

properties

—

Scaling Vehicle Simulations

*Software 1

ﬂrogram

SOC
Spec Ambient T
Battery Battery T
Drive Unit Grade
Suspension SOH
Trailer Regen

Traction

-

Speed Profile] [Target Speed

Create MOD

Run Sim
Post-Process
Get Metrics

Share Result

\ VsIsim1 <Vsisim /

N

*Software 2

/ Program

SOC
Spec Ambient T
Battery Battery T
Drive Unit Grade
Suspension SOH
Tires Regen

Trailer

Traction

Create M(h

Run Sim
Post-Process
Get Metrics

Share Result

14

*Software N

ﬂrogram

SOC
Ride Height Ambient T
Battery Battery T
Motors Grade
Suspension SOH
Trailer Regen
Trim Traction

QSISimN < VSISim /

Create MOD

Run Sim
Post-Process
Get Metrics

Share Result

N
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Types of Parallel Simulations

{ Parallel Local J {Parallel Remotej

AWS EC2 Instance
Running MPS / MJS

R

aws

" Run simulations of local cores of user’s machine = Run simulations of a remote cluster

" Used for testing model updates and changes = Used by business to run simulations with released models
= Uses Parallel Computing Toolbox = Uses MATLAB Parallel Server and MATLAB Job Scheduler
" Limited by physical cores " Limited by cluster resources and MPS licenses

" parpool andparfeval " parcluster

RIVIAN Scaling Vehicle Simulations MathWorks Automotive Conference 2023



Parallel Simulations (Local}

VS| as a MATLAB toolbox

Save results file and
object properties in
metadata file

-
!

V5l Parallel

I Choose cluster to connect to
—> (1

AWS (Remote) Cancel

—>

Post-process using in-house
MALTAB toolboxes

(
>> VSISimObj Output = f(n) .OutputArguments{l}

I
e e R e

RIVIAN

Archive Results —>< End )

Result .parquet file

Plots

Performance
metrics

Scaling Vehicle Simulations

( I
e
: >> p = parpool (8) ; : >> f(n) = parfeval (p,@runSim,1,VSISimObj Input) :
————————————————— | )
Enter number of parallel cores to l
2 to B : : : Call function t rform
use (20 8) Create simulation object . ° u. SR U [Pl
i —> simulation tasks on parallel
for each row
workers
8.4 Cancel T
(  arm ot L e N . -
1 >> VSISimObj Input = createSimulationObjects (Simulations); !
| J
Simulations
Vehicle VDB File Test Run Name Test Run File Vehicle Settings Test Run Settings Description Status
e or ! 7 1 i ! | [

-n
=

L D
HHEEB

- . o o S S O O S S S e S,

& D
BEl

'l'l
(@)

Finished
Futures

Parallel workers running
simulations on local cores

17

T Aot e tion | Ntcom e | anch Aortion 801 |\izom St orsaingason s [ur |
T Aot anchiton | \scom e famp S UL | vtcomtaes | UsorsetngTewDec. |t [jn |
R I B B I I B I

s o LunchEton_ Ntcom e 160 o g Rt vtcomhas (Mool TCASS. | cotn w5 |
cocnc Doy Notcomhars. | Launch Acdrton 80t |vicomtues|aen Jaomn v [0
Doy Ntcom . |60 g Rt | vtcom st Weson | cotn ;v |

Parallel tasks ongoing ClusterInfo || StopJob || Stop Task Refresh

Each simulation is a “future”. Each future runs a simulation.

MathWorks Automotive Conference 2023



Parallel Simulations

(s
!

VS| as a MALTAB toolbox

Save results file and
object properties in
metadata file

c = parcluster (‘aws-cluster’);

VSl Parallel

I Choose cluster to connect to o - .
n Marme this simulation job for easy retrieval later
—> Example: R1T_R15_Origin_Launch_HighwayAcceleration
MAC 2023 Demo

>> c.createdob () ;
>> t = j.createTask (@runSim, VSISimObj Input)

Create an independent job

l

on the cluster with one task

Create simulation object : :
—> per simulation. Task calls

for each row

[ AWS (Remote) ] Local Cancel

>> VSISimObj Input = createSimulationObjects(Simulations);

Archive Results —>< End )

~_

!

Post-process in cluster
using in-house MALTAB
toolboxes

‘@

>> VSISimObj Output = t(n) .OutputArguments{l}

RIVIAN

Wl T1

S5 =
Result .parquet file ﬂ L=
Plots % T3 - H“:’ -

«— D ——= N

Performance
metrics

..... EB
=N 16

aWS Client Computers

1]z 73 [ va [ 75] e

JOB

DO

3

1]

IS N | e

s
75 I

User computer submits job to AWS EC2 instance

running MATLAB Parallel Server, MATLAB Job

Scheduler

Scaling Vehicle Simulations
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function to perform
simulation tasks.

Simulations

Vehicle VDB File Test Run Name Test Run File Vehicle Settings Test Run Settings Description Status

(2 S S
T Aot e tion | Ntcom e | anch Aortion 801 |\izom St orsaingason s [ur |
T Aot anchiton | \scom e famp S UL | vtcomtaes | UsorsetngTewDec. |t [jn |
R I B B I I B I
s o LunchEton_ Ntcom e 160 o g Rt vtcomhas (Mool TCASS. | cotn w5 |

cocnc Doy Notcomhars. | Launch Acdrton 80t |vicomtues|aen Jaomn v [0
Doy Ntcom . |60 g Rt | vtcom st Weson | cotn ;v |

Parallel tasks ongoing ClusterInfo || StopJob || Stop Task Refresh

Each simulation is a “task”. A collection of simulations is a “job”.

MathWorks Automotive Conference 2023



Use Case

Q@

User C (PST)

User A (GMT) User B (EST)

" Users A, B and C are engineers from different time zones on different teams.

" They are working on a tight schedule to simulate various vehicle-drive cycle combinations for an upcoming design
review in a couple of days.

" While they work on different attribute parameters, some of their simulation cycles overlap. The simulations take a

long time to run, so users must get on with their simulations ASAP.

RIVIAN Scaling Vehicle Simulations 15 MathWorks Automotive Conference 2023



Simulation Piggybacking

4 User A creates a simulation “study” and notices that some simulations have already been run. 4 User A only runs the red and amber simulations from this study

Simulations : Simulations

Vehicle VDB File Test Run Name Test RunFile  Vehicle Settings Test Run Settings Description Status Vehicle VDE File Test Run Name TestRun File  Vehicle Settings Test Run Settings Description Status

er 1l ! | 1 ) N N
RIT Adventure Launch Edition | \i.cor Shares..|Launch Acceleration-BOL | Wraicom\Shares.. | {‘UserSeting™('MassCon_ |defatt  |Rm [ U R Adventure Launch Edition | .11 i+ | Launch Acceleration-BOL | \raicom\Shares..| (‘UserSetting” ('MassCon.. |defautt R [

1
N 1 Achventure Launch Ecition | Nalcom\Shares.. |vi0to 70 mph Highway B_ | VvaicomShares_ ettt |defmat W1 || GO ¥ /civorture Launch Ecition | \raicom\Shares.. | v40t0 70 mph Highway 8. | \micom\Shares.. defaut  |defawk kT | |
S i Achieriie Lsirch Erioa] | i SounSares. | N6 aph Rgen Repests — | Rascowr e [acist) B=ssa 0 w000 CRAl ¥ Achverture Launch Ecition | 111 1| vG0mph Rogon Ropeats .. |\micom\Shares.. defaut  |defwk kT [
"B RiT Adventure Launch Edition | \rai.com\Shares . |Ramp Steer LItOFFLH45... |\raicom\Shares... | {"ModefFidelity {“Suspen... | defaut ~~ [Rm | | Al R Adventure Launch Edition | -1/ | RampSteer LitOffLH45.. | \raicom\Shares... (‘ModelFidelity”(Suspen..|defaut  |RT | |
s/ ! ! [ [ ! |
s | [ [ /! [ |
= : : BBl s ~vorture LawnchEdition | 1 .- |Launch Acceleation BOL |\wicom\Shares..default | WBatelemp20W RS |
IR 7 o LoonchEdion || Lanch Accoloraton BOL |VeicomShams | deft | ibevoyempon s | A s et Lunch itn anchhooomon B0 NecomiSaen. ook etn/ong 203 _—
” : : i Adventure LaunchEdition | - - /1. |vADt070 mphHighway 8..| Walcom\Shares..| (ModolFidoly” (Suspen..[defaut RS |
N 5 Acvorturo Launch Edition | 7=/ |vA0to 70 mph Highway B \aicom\Shares. | (Modelidalty(Suspon. |defaut s | o el BT
o : — (I s ~vorturo LanchEdiion | aicom\Shares. | vG0mph Rogen Repeats . |\icom\Shares. defaut _ |detam  ms ]
LA s civerture Launch Ediion | \vaicom\Shares.. | v60mph Rogon Repeats-~. | \icom\Shares...| defaut  |defwt RS | s/ [RyW—— T T [ VS rrepyewy I -
ture LaunchEdition | /1 -~ |RampSteor LOITLH 45.. | \icom\Shares..|(Modolidely” (Suspen-.[defaut RS |
SN Ris Adventure Launch Edition | \r2i.com\Shares. | Ramp Steer LItOFFLH45... |\raicom\Shares... | {"ModefFidelity”:{"Suspen... defaut ~ [ms | | s L

S ooy V| com | unch Accooton 901 [\micomshars ot Jaomn v [0

QO ccivc Doty i icomre|Lanch Accaersion 901 wcomstares[selan e [ [N . -
cOsveryVn | \aicomShores w010 PDmph ey B comhars| (Voo Swpenton v |
10 Electric Delivery Van Wrai.com\Shares... | v40 to 70 mph Highway-B_. | \rai.com\Shares... | { "ModelFidelity™{ "Suspen... -

AR ctic Delvery Van \icom\Shares. |60 mphRegon Ropets . |\icom\Shares..|dofaut  foetww v [
(U octiic Doivery Van \icom\Shares. | 0 mphRogen Ropeats-.. | Wwaicom\Shares. | defautt  |defak v || 2 [C—— \eicom\Shares. |Vogas TaffcHatBOL _|\micomhares. |dofeut  |dem  [ov | |
(R Eiocuic Delivery Van \wicom\Shares..| Vegas TafficFlat80L |\waicom\Shares..|default  |defar |V |

13
2 14
14

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

~ User B works in EST. User B configures a study and notices that most of the simulations have been User C works in PST. User C configures a study and finds that ALL simulations have been
# simulated by User A. User B creates two additional simulations for towing studies. completed. User C goes ahead with analyzing the data and creating reports.
Simulations Simulations
Vehicle VDB File Test Run Name Test Run File  Vehicle Settings Test Run Settings Description Status Vehicle VDB File Test Run Name TestRunFile  Vehicle Settings Test Run Settings Description Status
L2 S S S O A N e[ [ | 1 [
QR ¥ ~cvontu Launch Eton | WaicomShars- L aunch Accaeraton 801 | NalcomShars- [ Usersetng (WassCon- |defast__[wr [T T e e T —
QR ¥ oo Lunch Edtion | \comShares | wiO 0 T0mph Hghway 8| NeicomShares |cefat |l aw || O G |\conilures Vo D ey 0. oo [dout et W B
L A ) RN A i o irn e, (Orph e ipe (Veonioes [k ek W R
! comstars. ncomsio[soan oo Jjn
SO s e Lchion. | NS, | nch Aol 80 ez |dou | Coaneoporgary w0 : ProTorend o ¥ —
TR 5 "cvorirs LonchEdiion | icomShare.|wi0 070 mph Highway - VcomShars. [doaat[aolat s | :
e R R R B I I A B :
QB vs-oom Tl |eicomShams. |00 0mphHhway 8. VcomShars. doat|aolar | | :
- I I ‘| [ [ an

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.

=’ /) User A does not run any new simulations. Uses existing results and post-processes.

RIVIAN Scaling Vehicle Simulations - MathWorks Automotive Conference 2023



Benchmarking Simulation Speeds



Time Taken to Run Simulations

Benchmarking Overall Time Taken to Run Simulations

500 <

400

300 -

Minutes

200 .

100

0. />

Farallel Local

14 Long Simulations

=]

4 Long Simulations

4 Short Simulations

1 Short Simulation
Farallel Remote

RIVIAN Scaling Vehicle Simulations 29

- 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

MathWorks Automotive Conference 2023



Overhead vs Simulation Time

Single short
simulation

4 short
simulations

4 long
simulations

14 long
simulations

RIVIAN

-~

% of time
overhead

-

Total time (s)

% of time running

simulation

\
Choice 1
Choice 2
Choice 3
/

Sequential

180 s

650 s

9004 s

33860 s

Scaling Vehicle Simulations

Parallel Local

191 s

523 s

4126 s

12980 s

Parallel Cluster

248 s

492 s

2895 s

4108 s

MathWorks Automotive Conference 2023



MathWorks Products in VSI

MATLAB

Simulink

App Designer

Parallel Computing Toolbox

MATLAB Parallel Server

MATLAB Compiler

Signal Processing Toolbox

Vehicle Networking Toolbox

Stateflow

Curve Fitting Toolbox

RIVIAN Scaling Vehicle Simulations Y MathWorks Automotive Conference 2023



Closing Points

What we have achieved with this toolchain:

= Single platform for users to run simulations, post-process and create reports

= “Simulations for Everyone” — accessibility to vehicle simulations for non-simulation users
= Eliminated simulation request bottleneck

" Reduced redundancy in simulation tasks

= Simulation reuse

= Maximized throughput with parallel simulations

What’s next:

= V\/Slasaweb app
= Move from EC2 instances to clusters for “unlimited” computing power

" Enhanced simulation data management

= Dashboard for KPls

RIVIAN Scaling Vehicle Simulations o MathWorks Automotive Conference 2023



Rivian MATLAB Minimart

A store for in-house MATLAB toolboxes at Rivian with version control and auto-update capabilities
= Auxiliary Tools — Supporting Functions

N N
= Data Converter — Convert different data files to a RDV RTV VSI

Rivian Data Viewer Rivian Toolbox Viewer Vehicle Database Vehicle Simulation Interface

4N\
&

common format

®" Dynamics Tools — Functions for the dynamics team

" Launch Toolbox — Automated launch analysis toolbox mﬂ
[ ] [ ] [ ] m
= Rivian Data Viewer -
5 [ =N
" Rivian Toolbox Viewer bl
" Range & Efficiency Toolbox — toolbox for processing step
steer maneuvers E— = 2 il n‘fi Y
= 239 YA i A
= VehicleDB — Vehicle Database for simulation data —_—— s A AUtk
and more.. e )
RIVIAN Scaling Vehicle Simulations MathWorks Automotive Conference 2023
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Thank you

Email: adjayaraman@rivian.com

LinkedIn: Adithya Vignesh Jayaraman
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https://www.linkedin.com/in/adithyavignesh/
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