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Who We Are

Keep the world 
adventurous forever

Founded: 2009, known as Rivian from 2011

Founder & CEO: RJ Scaringe

Employees: 10000+

Locations: USA and Europe

IPO: November 2021

Rivian R1T Rivian R1S Electric Delivery Van
(Powered by Rivian)
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Agenda
- Physical Testing vs Simulations

- Simulation Stakeholders

- Simulations for Everyone

- Defining a Simulation Run

- Vehicle Simulation Interface Tool

- Backend: Simulation Objects

- Parallel Simulations 

- Use Case

- Benchmarking

- MATLAB at Rivian
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The Basics
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Physical Testing vs Simulations

Configure a virtual vehicle in seconds
Design testing conditions as needed 
10x real time speeds

Range Acceleration Off Roading Handling

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

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 Stakeholders
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Simulation Engineer

Attribute Engineer

Modeling Engineer

Leaders

System owners of vehicle 
attributes. Includes Performance 

Engineers, Range & Efficiency 
Engineers, Dynamics Engineers 

etc.

Create full vehicle models from 
component models and run 

simulations 

Development of component 
models like battery, tire, 

propulsion etc.

VP, Directors, Principal 
Engineers, Sr. Managers take 

product/program level decisions 
and provide attribute targets 
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Simulation EngineerAttribute Engineer Modeling EngineerLeaders

Simulation Workflow

Commercial 
software

Simulation 
scenarios

Execute simulations 
one by one

Full vehicle model
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Simulation 
results

Targets

Key Metrics

Subsystem 
models
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Simulation EngineerAttribute Engineer Modeling EngineerLeaders

The Challenge

Commercial 
software

Simulation 
scenarios

Execute simulations 
one by one

Full vehicle model
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Simulation 
results

Targets

Key Metrics

Subsystem 
models

- Lack of standardization of vehicle data
- Ad hoc post-processing

Complexity of running simulations for non-simulation engineers

Bottleneck with sequential 
simulation workflow
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Simulations for Everyone
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Simulation Engineer

Leaders

Commercial 
software

Toolset Engineer Modeling Engineer

Range & Efficiency 
Engineer

Performance 
Engineer

Dynamics Engineer Weight Management 
Engineer

Scalable, easy-to-use tool to configure, run and post-process large number of simulations
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Vehicle Simulation Interface 
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Defining a Simulation Run

Vehicle Load Case

Vehicle Database: 
- Object-oriented 
- Assemble a “virtual” 

vehicle from 
components

- Version controlled

Pre-defined load 
cases:
- Ambient conditions
- Driver model
- Speed Profile
- …

Note on simulation duration:
- 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

Simulation
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Vehicle Simulation Interface (VSI)

Vehicle Database

Test run/load case 
selection

Context menu options to 
copy/paste, modify vehicle, 
test run etc.

VSI UI built in App Designer deployed as a MATLAB toolbox or a compiled app

Load saved 
studies

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

Green: Completed simulation

Red: Yet to be simulated

Amber: Completed simulation, 
results out-of-date

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

Time Vehicle 
Speed
(kph)

SOC
(%)

Front Left 
Torque 
(Nm)

11.1 s 88.6 75 788

11.2 s 87.5 75 787

11.3 s 86.2 74.9 765

*Simulations run on Simulink + 
commercial software using MATLAB 

API. Uses base workspace.

Logged data sent to 
MALTAB workspace

Auto-generate vehicle 
model

Handoff to simulation software 
using MATLAB API

Save logged data in parquet 
format

Archive results in shared 
directory

Aggregate raw data to 
generate key metrics using 

in-house MALTAB 
toolboxes

Report status against target 
in requirement 

management system

Auto-generate PowerPoint 
reports and share with 

business
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Simulation Objects
Program

GradeSpeed Profile Ambient T Road Type SOH

Spec Battery Drive Unit Tires Trailer

Regen Traction

Suspension

Simulation inputs

Execution

Create Model Post-Process Extract MetricsRun Simulation

Properties

Methods

VSISim superclass

, . . . .

*Software 1 *Software 2 *Software N

Program

Grade

Ride Height Ambient T

Battery T

SOH

SOC

Battery

Motors

Trailer

Trim

Regen

Traction

Suspension

Create Model

Post-Process

Get Metrics

Share Result

Run Sim

VSISimN < VSISim

Program

Grade

Spec Ambient T

Battery T

SOH

SOC

Battery

Drive Unit

Trailer

Tires

Regen

Traction

Suspension

Create Model

Post-Process

Get Metrics

Share Result

Run Sim

VSISim1 < VSISim

Speed Profile Target Speed

Software specific 
properties

Program

Grade

Spec Ambient T

Battery T

SOH

SOC

Battery

Drive Unit

Tires

Trailer

Regen

Traction

Suspension

Create Model

Post-Process

Get Metrics

Share Result

Run Sim

VSISim2 < VSISim

Passengers Drive Mode
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Share Results
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Parallel Simulations
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Types of Parallel Simulations

Parallel Local Parallel Remote

AWS EC2 Instance 
Running MPS / MJS

▪ Run simulations of a remote cluster

▪ Used by business to run simulations with released models

▪ Uses MATLAB Parallel Server and MATLAB Job Scheduler

▪ Limited by cluster resources and MPS licenses

▪ parcluster

▪ Run simulations of local cores of user’s machine 

▪ Used for testing model updates and changes

▪ Uses Parallel Computing Toolbox

▪ Limited by physical cores

▪ parpool and parfeval
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Parallel Simulations (Local)

VSI as a MATLAB toolbox
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Create simulation object 
for each row

Call function to perform 
simulation tasks on parallel 

workers

>> f(n) = parfeval(p,@runSim,1,VSISimObj_Input)

Performance 
metrics

Result .parquet file

Plots

…..

>> VSISimObj_Output = f(n).OutputArguments{1} Finished 
Futures

Post-process using in-house 
MALTAB toolboxes

>> p = parpool(8);

>> VSISimObj_Input = createSimulationObjects(Simulations);

F1

F2

F3

F4

F5

F6

F1

F2

F3

F4

F5

F6

Parallel workers running 
simulations on local cores

Start

Save results file and 
object properties in 

metadata file

Archive Results End

Each simulation is a “future”. Each future runs a simulation. 
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Parallel Simulations (Cluster)
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VSI as a MALTAB toolbox

Create simulation object 
for each row

>> j = c.createJob();

>> t = j.createTask(@runSim, VSISimObj_Input)

Performance 
metrics

Result .parquet file

Plots

…..

>> VSISimObj_Output = t(n).OutputArguments{1}

Post-process in cluster 
using in-house MALTAB 

toolboxes

>> VSISimObj_Input = createSimulationObjects(Simulations);

User computer submits job to AWS EC2 instance 
running MATLAB Parallel Server, MATLAB Job 

Scheduler

Start

Create an independent job 
on the cluster with one task 

per simulation. Task calls 
function to perform 

simulation tasks.

c = parcluster(‘aws-cluster’);

Save results file and 
object properties in 

metadata file

Archive Results End

T1 T2 T3 T4 T5 T6

JOB

T1

T2

T3

T4

T5

T6

T1

T2

T3

T4

T5

T6

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



Scaling Vehicle Simulations MathWorks Automotive Conference 2023
19

Use Case

User A (GMT) User B (EST) User C (PST)

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

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

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. 

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

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. 

Simulation Piggybacking

User A does not run any new simulations. Uses existing results and post-processes.
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Benchmarking Simulation Speeds
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Time Taken to Run Simulations
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- 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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Overhead vs Simulation Time

Sequential Parallel Local Parallel Cluster

Single short 
simulation

4 short 
simulations

4 long 
simulations

14 long 
simulations

180 s

650 s

9004 s

33860 s

191 s

523 s

4126 s

12980 s

248 s

492 s

2895 s

4108 s

% of time running 
simulation

% of time 
overhead

Total time (s)

91% 87% 71%

74% 73% 58%

99% 99% 98%

99% 99% 99%
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Choice 1
Choice 2
Choice 3
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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
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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:

▪ VSI as a web app

▪ Move from EC2 instances to clusters for “unlimited” computing power

▪ Enhanced simulation data management

▪ Dashboard for KPIs
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Rivian MATLAB Minimart

Rivian Data Viewer Rivian Toolbox Viewer Vehicle Database Vehicle Simulation Interface

▪ Auxiliary Tools – Supporting Functions

▪ Data Converter – Convert different data files to a 

common format 

▪ Dynamics Tools – Functions for the dynamics team

▪ Launch Toolbox – Automated launch analysis toolbox

▪ Rivian Data Viewer 

▪ Rivian Toolbox Viewer

▪ Range & Efficiency Toolbox – toolbox for processing step 

steer maneuvers 

▪ VehicleDB – Vehicle Database for simulation data

and more..

A store for in-house MATLAB toolboxes at Rivian with version control and auto-update capabilities 
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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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