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Key Takeaways

Goal: Empower engineers to assess the impact of software changes,
unhindered by hardware access limitations.

-  SDVs lead to more frequent software releases, increasing vehicle complexity and systemic
Interactions.

= Virtual vehicle simulations allow you to assess software changes on system performance,
minimizing test-cell and in-vehicle testing needs.

= Scale up simulation runs on the cloud to efficiently evaluate design alternatives faster.

= Vehicle and physics models can be re-used to test your production intent software stacks
— In MiL, SiL, and virtual ECU testing.
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Agenda

Goal: Empower engineers to assess the impact of software changes,
unhindered by hardware access limitations.

___________________________________________________________________________________

___________________________________________________________________________________

= Building Virtual Vehicle Simulations
= Scale Up Simulations — Moving from Desktop to the Cloud

- Reuse Virtual Vehicles Models for Production Testing
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What Is a Software-Defined Vehicle?

Brand-distinctive features and main value
for the customer will come from Software

Software development extends beyond
production start, with continuous updates
delivered throughout the vehicle's lifetime.
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Problem Statement

= Increasing complexity of E/E architectures
= More software = more unexpected interactions
= Coordinate work between multiple global teams
= Scarcity of test cell time / vehicle testing time
.... and now do this on an evergreen basis



MathWorks AUTOMOTIVE CONFERENCE 2024

Problem Statement
What slows down your software planning and release at a larger scale?

A lot more
Interactions!

= Increasing complexity of E/E architectures
= More software = more unexpected interactions A lot more
- Coordinate work between multiple global teams software!
= Scarcity of test cell time / vehicle testing time
.... and now do this on an evergreen basis

A lot more

people!

The continuous cycle of software releases and the expansion of global engineering teams

elevate traditional vehicle development challenges into persistent, dynamic obstacles
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Addressing the Challenges

Test and Validate

A 5] o

Automate and scale
on the cloud

Virtualize systems for
analysis and testing

Build Virtual Vehicles to the right MATLAB and Simulink can be
level of fidelity, integrating deployed to cloud environments

physics and software models for analysis and testing work
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EV Sport+ Mode

“Sport+” Mode
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Infotainment Vehicle Control Battery-Management
System (IVI) Unit (HPC) (Embedded Edge)
o) ASIL-B ASIL-D

Driver Requests Confirm no faults, Increase
for Sport+ Mode Confirm Battery > 25% available power




EV Sport+ Mode

“Sport+” Mode

MaxBattCurrent
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Infotainment Vehicle Control Battery Management
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Challenge:

Performance goals

0-60 mph in <6 seconds
Quantify loss in Range

Quantify gains from regen in different
driving conditions

Maximum Battery Current Lim (A)
Brake-Regen Operation Limits (mph)

How much can we learn this without access to a vehicle?
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Agenda

Goal: Empower engineers to assess the impact of software changes,
unhindered by hardware access limitations.

= Challenges of SDV Software Development

___________________________________________________________________________________

___________________________________________________________________________________

= Scale Up Simulations — Moving from Desktop to the Cloud

- Reuse Virtual Vehicles Models for Production Testing
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Virtual Vehicle: Build Your Models Quickly

AUTOMOTIVE

Constructing a dual-motor EV model from nothing B @ & @&
The Virtual Vehicle Composer App
- Quickly build and run a virtual vehicle v b
— Based on libraries from Powertrain Blockset, i~ B
Vehicle Dynamics Blockset & Simscape - ]
— Specify vehicle architecture, input datasheet L - i

details and calibration parameters

= Constructed model Includes calculations for
energy consumption
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= Access to prebuilt drive cycles

= )

» Learn more: Virtual Vehicle Composer, DriveCycle Data 11



https://www.mathworks.com/help/vdynblks/ref/virtualvehiclecomposer-app.html
https://www.mathworks.com/matlabcentral/fileexchange/59683-powertrain-blockset-drive-cycle-data
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Virtual Vehicle: Customize Your Virtual Vehicle
Update your model based on the fidelity you require

= Leverage Simulink’s large scale modeling features to easily add
details to your virtual vehicle

3 Batt\olt Info
M Info [»
3 MtrSpd BattCurr
TR
=
\"a| ConfiguredVirtualVehicleModel » (& Controllers P P Battery Management System (BMS) » > Batthmp \M BattVolt >
J ¥ TrgCmd MtrTrq

HWFET (765 seconds) LngRer’ BMSSensors ’
! BMSCmd

Ref .

I ADAC BAR
ADAC BAB 130 (795 seconds)
i b 3 . X
I I “ P | o BMSinfop
FTP75{

) BMSSensors
474 seconds)

BMSCmd p
Choose between available drive Custom BMS added as a Speed over accuracy: Used
cycles or input your own data variant subsystem Simulink powertrain blocks

instead of Simscape

» Register here: Best Practices for Modeling Complex Systems (Upcoming Seminar Series) 12
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Virtual Vehicle: Running Simulations
What can | learn from simulation?
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» Learn more: Virtual Vehicle Composer, DriveCycle Data
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Agenda

Goal: Empower engineers to assess the impact of software changes,
unhindered by hardware access limitations.

= Challenges of SDV Software Development

= Building Virtual Vehicle Simulations

___________________________________________________________________________________

___________________________________________________________________________________

- Reuse Virtual Vehicles Models for Production Testing

14



The Need to Scale Up
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Running 4 Simulations
(1 for each Drive Cycle)

woT MPU

Wide Open Throttle (WOT) (40 secon: ds) HWFET (765 secon ds)

RefSpd

WWFET || 1" | ADACBAB

I‘IIIlFl{I;%pd

ADAC BAB 130 (795 seconds)

FTP75 (2474 seconds)

200 seconds

Running 1352 Simulations
(4 DriveCycles x 13 MaxDschrgCur Values x 26 RegenStrt Values)

input_MaxDchrgCurrLimit = single(-12 : -©.5: -18)°;
input_RegenStrt = (2.5:0.1:4)";
input_DriveCycleChoice = [1 2 3 4]';

input_DriveCycleCholiceTime = [48 765 795 2474]';

~18 hours

=coo==————=>"am
--..__.‘.>
L L (] ] ’aDD
Workers
——
Time Time
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Leveraging the Simulink.SimulationInput Object

= The Simulink.Simulationinput object is a useful way to define specific changes to be made for
each simulation
= Defining the makes it easy to add conditions, and enables you using parsim

runID = 1;
clear in
for vl = 1:length(input_MaxDchrgCurrLimit)
for v2 = 1:length(input_RegenStrt)
for v3 = 1:length(input_DriveCycleChoice)

in(runID) = Simulink.SimulationInput(mdl);

SpeCIfy Varlable Values D \_. in(runID) = in(runID).setVariable( 'MaxSprtDchrgCurrLimit’',input_MaxDchrgCurrLimit(vl), 'Workspace', 'global-workspace');
in(runID) = in(runID).setVariable('RegenSprtStrt',input_RegenStrt(v2), 'Workspace', 'global-workspace');

. . —_
SpeCIfy DrlveCyCIe \. in(runID) = in(runID).setVariable( 'DriveCycleChoice',input_DriveCycleChoice(v3), 'Workspace', 'global-workspace');

AdeSt Simulation Parameters A . in(runID) = in(runID).setModelParameter("StopTime",num2str(input_DriveCycleChoiceTime(v3)));
runID = runID+1;
end
end
end

Name Value

%) in 1x1352 Simulationinput 16
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‘ MathWorks Reference Architectures

Scaling up with parsim on the Cloud ‘ e O
Different cloud computing resources for different jobs @

simQut = parsim(in)

D N
— N Running 1352 Simulations

r——'_"———'_"_‘h' i i
~ 18 hours in series

~ 5.2 hours on Quadcore Laptop

4 RDP ﬂ MATLAB
——————p ” Desktop

SH 1

i

|

|
!
EC2 Instance |
|

A S
= Local Desktop | SecuttyGrovp ~ 59 mins on an m5.12xlarge EC2 instance, 24 core
. v
A N\ J
—
— MATLAB on AWS EC2
Parallel Computing Toolbox
MATLAB & Worker Machine = m5.12xlarge (24 cores)
m GPU Running 1352 Simulations
. 4 — ~22.7 mins on 5 Worker machines, 120 cores
~17 mins on 10 Worker machines, 240 cores
Mutti-core
CPU

MATLAB Parallel Server

Learn more: MATLAB on AWS 17



https://github.com/mathworks-ref-arch/matlab-on-aws

Scaling up with parsim on the Cloud

Takeaways

= Move from Desktop to the cloud
with minimal code changes

= Get setup and easily use cloud
resources with prebuilt reference
architectures

= Choose the right computing
resource based on your simulation
requirements

» Learn more: MathWorks Reference Architectures
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Time to Run 1352 Simulations (in Minutes)

In Series
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Desktop

.&

Parallel Computing - Parallel Computing - 24

Quad-Core Desktop

e/

Core EC2 Instance

—

Multicore

22.7 17

Parallel Server - 120 Parallel Server - 240
Cores Cores

Cluster
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EV Sport+ Mode

Increasing the allowed discharge current by from 10 to 17
(35%) can result in a 0-60 time of under 6 seconds.

The increased current results in higher energy consumption
In high acceleration events, not highway driving.

Highway cycles or cycles without a lot of braking do not see
any gains from regenerative braking.

Hard braking, as seen in WOT result a gain in MPGe

Study Results: Recommendations

From 10
To 17

From 5-9
To 25-9

From 6.9 secs
To 6 secs

Max Discharge Current Gain A

Regen Operation During Braking A

0-60mph time v
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Trace Velocity, Target, Actual (mph)
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MaxCurDschrgGain: -12
MaxCurDschrgGain: -12.5
MaxCurDschrgGain: -12.5

MaxCurDschrgGain: -13
MaxCurDschrgGain: -13.5

MaxCurDschrgGain: -14
MaxCurDschrgGain: -14
MaxCurDschrgGain: -14.5

MaxCurDschrgGain: -14.5] 4

MaxCurDschrgGain: -15
MaxCurDschrgGain: -15
MaxCurDschrgGain: -15.5

MaxCurDschrgGain- -15.5| |

MaxCurDschrgGain: -16

MaxCurDschrgGain: -16
MavOurDerhrafain: 1R

MaxCurDschrgGain:-12 | |

MaxCurDschrgGain: -13 | {

MaxCurDschrgGain: -135| |

i AR R
% Change MPGe due maxDschrgCurGain increase only

Highway: 0 ADAC - -0.11288

Highway: 0.090517ADAC : -0.082437 FTP75: 22515

\
FTP75: 0

% Change MPGe due maxDschrgCurGain increase and RegenTbl increase
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Agenda

Goal: Empower engineers to assess the impact of software changes,
unhindered by hardware access limitations.

= Challenges of SDV Software Development
= Building Virtual Vehicle Simulations

= Scale Up Simulations — Moving from Desktop to the Cloud

___________________________________________________________________________________

___________________________________________________________________________________
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From Analysis Models — Production Software Testing

Data from Virtual Vehicle Simulations can be

used to create test cases

Driver Commands

Driver Commands
Langitudinal Driver

Extract Data to act as Test Inputs
(for MiL and SiL)

Export physics data as CSV
For Virtual ECU test inputs

=~ .. . Bmsweu
I — 1 Test

I 'I ,m%E
— —— - —= Harness
e
V4 2 o .
ErEErTerr—
Vehicle .. f =
Control Unit Update models  jug -~ Battery
(VCU) for code- -~ .~ Management
generation —" ©  System
(BMS)

21
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From Analysis Models — Production Software Testing
Develop and deploy level 3 virtual ECUs to the cloud

= Customize application code interface for
specific middleware/hardware

— Classic AUTOSAR
— Adaptive AUTOSAR / DDS / ROS

Classic AUTOSAR
Verify the application software functionality S

using Simulink Test (MIL and SiL testing)

Integrate application code with road-ready
middleware to deploy within Level 3
virtual ECUs

Test virtual ECUs in a cloud native
environment, using inputs from the Virtual
Vehicle Simulation

22
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From Analysis Models — Production Software Testing

Automotive Software Development in the Cloud

<) MathWorks €13 Elektrobit SYNnorsys

Virtual Vehicle Simulation in MATLAB & Simulink Road-ready Automotive Software Virtual ECUs in Synopsys Silver

s — . Infotainment (Android Automotive 0S)

o

(n

Sport Mode

Amazon EC2

S Graviton)

Virtual ECU running on a POSIX
containerized environment on EC2

Adaptive AUTOSAR HC discharge current limit: -311. charge current limit: 103.30  charge:
Adaptive AUTOSAR HPC discharge current imit: -311. charge current 103 <
Adaptive AT received discharge current limit: -311. arge current
Adaptive AUTOSAR HPC - received discharge current \imit: -311. charge
received discharge current limit: -311. charge current
Adaptive AUTOSAR HPC - received discharge current linit: -311. charge current
Adaptive AUTOSAR HPC - received discharge current limit: -

] Adaptive AUTOSAR HPC - received discharge current \imit: ge:
Adaptive AUTOSAR HPC - received discharge current limit: -3 arge current : charge
Adaptive AUTOSAR HPC - received discharge current \imit: -311. charge current : charge:
Adaptive AUTOSAR HPC - received discharge current limit: -31 charge:
Adaptive AUTOSAR HPC - received discharge current \init: -310.00 charge:
Adaptive AUTOSAR HPC - received discharge current limit: -310.69  charge current limi charge:

(75.42] Adaptive AUTOSAR HPC - received discharge current \imit: -310.00  charge current Limit: charge:
176.43] Adaptive AUTOSAR HPC discharge current limit: -310.00  charge current linit: 162 charge:

Test Vectors & ,
Ve h i C I e B e h avi O r o . Ban:ry Management System (Classic AUTOSAR)

Classic AUTOSAR ECU - sending discharg 00 charge current Uimit: 102.30 0.7

Classic AUTOSAR ECU o discharde curcpt ‘60 charge current Linit: 163, 073

2] Classic AUTOSAR ECU discharge . charge current limit: 102. 0.75

exportie rom 52,221 Classic AUTOSAR ECU schargg : charge current Linit: 102,30 charge: 0.75
al Q ;G ge ¢ 102, charge: 0.75

) 310! 10 o7

. . v g e 102, charge: 0.75

Clas 10 0175

B d ;o T 102 0.75

Cing ot j 102130 073

. . 59.22] Classic AUTOSAR ECU Aending discharge current Untt: 102, 0.75

a : ? Sending discharge : charge ; 073

Injected into e s E
L g discharge 310000 charge current linit 075

a =1 discharge current Unit: -310. charge current Unit 0.7

Application Code from Model

VECUS Via SOME/IP) ‘ ! Amazon EC2

[x86

rtua

Inter ECU
Communication
(via SOME/IP) 23
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Agenda

Goal: Empower engineers to assess the impact of software changes,
unhindered by hardware access limitations.

= Challenges of SDV Software Development
= Building Virtual Vehicle Simulations

= Scale Up Simulations — Moving from Desktop to the Cloud

___________________________________________________________________________________

___________________________________________________________________________________
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Key Takeaways

Goal: Empower engineers to assess the impact of software changes,
unhindered by hardware access limitations.

-  SDVs lead to more frequent software releases, increasing vehicle complexity and systemic
Interactions.

= Virtual vehicle simulations allow you to assess software changes on system performance,
minimizing test-cell and in-vehicle testing needs.

= Scale up simulation runs on the cloud to efficiently evaluate design alternatives faster.

= Vehicle and physics models can be re-used to test your production intent software stacks
— In MiL, SiL, and virtual ECU testing.

25



MathWorks Resources

MathWorks Consulting for Virtual Vehicle Development

= Provide expert-level guidance
Model assessment

’ Model Simulation performance » Automate workflows
¥ Architecture  nerace standardization « Develop custom Ul's

Build process automation

\ . Database/Repo interface
S Construction Model-Building know-how

ok
nt ) 1
+ GUI driven workflow _—
«Q= User Tool compatibility support P ‘y )
! Expe rience Artifact creation g‘_ ‘ 2 / F
Learn more: ‘ . '3
MathWorks Consulting Services

Solutions Page: Software-Defined Vehicle

Speed-up Software-Defined Vehicle De Ao e
peed-up eve

MATLAB, Simulink, System Composer, and Polysbace . N\ 5
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Where can | find more information ?

MathWorks Reference Architectures

MathWorks Reference Architectures

& hitps://mathworks.com/cloud

Pinned

Ready to start your SDV journey?
Scan the QR code to learn more!
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Reach out to learn further:

¢) MathWorks'
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See mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may
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