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Key Takeaways

MathWorks provides a Our platform is very flexible,
powerful platform for building and we can help you
your Virtual Vehicle customize it for your needs

Out-of-the-box capability A Custom virtual vehicle solution
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Demo: Regression Testing of Highway Lane Following Controller
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Leveraging a Prebuilt Cloud Configuration via Reference Architecture
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Running Regression Tests on Cloud using Parallel Computing Toolbox

9 mou Bl " Be= " ccompute-1.amazonaws.com - Remote Desktop Connection

a 4\ MATLAB R2021b - prerelease use - (] X
A HOME PLOTS APPS LIVE EDITOR INSERT VIEW I S S 2 JI << ch Documentatic J&l & Winston v
\ecycie b — —

[ . =] |1 Compare : L= [ Normal v =2 ! x| Refactory = |=] Section Break | Cs
% 4 %I P23 Run and Advance

Run
Lo Section Eg Run to End

Print L F v =
New Open Save T EOR GoTo i Text Code Control Task

v v v ¢ Export ¥ v m Bookmark v v (5] #3

FILE NAVIGATE TEXT CODE SECTION

Run Step Stop

£l ol = » C: » Users » Administrator » Documents » DemoFiles »

Command Window (v

v ).) ol
B Live Editor - C:\Users\Administrator\Documents\DemoFiles\AutomateTestingForHighwayLaneFollowingExam... & X
New to MATLAB? See resources for Getting Started. X "10 AutomateTestingForHighwaylLaneFollowingExample.mix * +

fx

Current Folder {

blk = ['HighwayLaneFollowingTestBench

‘Simulation 3D Scene Configura
set_param(blk, ‘EnableWindow’, "off');

Referenced Files

Workspace

Automate Tefting

The Test Manager 15 configured to automate the testing of the lane-following
application. Open the HighwaylLaneFollowingMetricAssessments.mldatx test

file in the Test Manager

sltestmgr;)
sltest.testmanager.load( 'H

Turn on SL Test Verbose mode for troubleshooting

sltest.testmanager.setpref( ' ShowSin
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How Are Companies Building Virtual Vehicles with MathWorks?

THE FASST “ONE CLICK” SYSTEM MODEL BUILD

Gttid A%

Distributed
Model Version Control ECU Architecture ECU Models & Plant Interface ~ Vehicle Plant

BOM (DBC) I Components I Sheets I Models

TS\ Ford Automated System Simutation Toolchain
[Mudelamm Lacation: C/ CAN‘Model
= . Builder
[ Model BOM Selection: C:/ or GitHub ]

U

onnect EC

and Driver

Models to
Vehicle Mode

Vehicle Plant
Interface
Builder

4

Repo
Browser

the full system vehicle model from components in the GitHub cloud

Y AT
CarsiM giPc

Ford: Build Virtual Vehicle in minutes

Different virtual vehicles are
built for different use cases

GM: Autonomous parking development

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

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

@ BOSCH

Bosch: Autonomous truck development
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https://www.mathworks.com/videos/low-velocity-maneuvering-development-with-the-mathworks-toolchain-1622124103577.html
https://www.mathworks.com/videos/model-based-agility-with-ford-automated-system-simulation-toolchain-fasst-1592849717839.html
https://www.mathworks.com/videos/simulation-framework-for-highly-autonomous-trucks-in-a-logistics-centre-1622072544411.html
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Agenda

= Common challenges

= MathWorks solutions
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= MathWorks solutions
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Challenges to early system-level testing

Virtual Vehicle

Sensors Controllers Powertrain

a Using a virtual vehicle for

Re——— . . .
2 A - systems integration testing
n /ﬁ/\ early in development can

save time / money
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Create
Vehicle

Challenges to early system-level testing

K

Sensors

Environment

Virtual Vehicle

Controllers
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= Availability of appropriate

vehicle level model

= Access to plant and

sensor models with “right”
level of fidelity

Model calibration

10



Challenges to early system-level testing

Integrate
Software

Virtual Vehicle

Sensors Controllers Powertrain

Environment Driver Vehicle

0 o

LV VI VI VS VN V)
E =
= 05
~
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= Standardizing interfaces
and data management

= Access to software
components across
different teams

= Assembly of software
components from multiple
sources

11



Challenges to early system-level testing

Author
Scenarios

Sensors

Environment

Virtual Vehicle

Controllers

Powertrain

Vehicle

0 o

~

~
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Creation of virtual 3D
environment

Definition of scenarios to
test

Linking test cases to
reguirements

12
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Challenges to early system-level testing

Simulate &
Analyze

Virtual Vehicle

Sensors Controllers Powertrain

Environment Vehicle

0 o

Post-processing and
visualizing results

Automatically generating
reports

Running large numbers of
simulations efficiently

13



Challenges to early system-level testing

Virtual Vehicle

Sensors Controllers Powertrain

Environment Vehicle

0 o

4\ MathWorks

Deploy
Simulation

Sharing models across
the organization

Deploying models to
users who aren’t tool
experts

Deploying models for SIL,
HIL, etc.

14



Agenda

« Common challenges

« MathWorks solutions

4\ MathWorks
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Create Vehicle: Reference Applications

Create
Vehicle

. = Start with in-house vehicle models
Engine Dynamometer o
— We can help you customize it and apply
S . SN e best practices for Model-Based Design
el L1 | | o= - Start with our reference applications
S — H@ — Detailed system and vehicle level models
P ""T for powertrain, vehicle dynamics, ADAS
and other applications
Learn more: +[ — i .
Powertrain Blockset
Vehicle Dynamics Blockset . E?rD e Enonmert 4>
rake lorque
Automated Driving Toolbox

16


https://www.mathworks.com/products/powertrain.html
https://www.mathworks.com/products/vehicle-dynamics.html
https://www.mathworks.com/products/automated-driving.html

Create Vehicle: Model Customization

Create Integrate Author Simulate & Deploy
Vehicle Software Scenarios Analyze Simulation

Add detail where needed using:

= In-house Simulink models

= Simulink and Simscape libraries
= 3" party tools (S-function, FMU, ...)

Learn more:

Simscape

Multi-core cosim

Integrate with existing sims
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Simulink
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https://www.mathworks.com/products/simscape.html
https://www.mathworks.com/help/simulink/ug/run-co-simulation-components-on-multiple-cores.html
https://www.mathworks.com/help/simulink/co-sim_gateway.html

Create Vehicle: Electrified Powertrain Modeling

Create
Vehicle
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Learn more:
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https://www.mathworks.com/help/autoblks/ug/hybrid-and-electric-vehicle-reference-application-projects.html
https://www.mathworks.com/help/physmod/simscape/ug/pem-fuel-cell-system.html
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Create Vehicle: Non-Passenger Vehicle Modeling

Create Integrate Author Simulate & Deploy
Vehicle Software Scenarios Analyze Simulation

Motorcycle braking test

=  New blocks =  New blocks
— Motorcycle body — 3 DOF / 6 DOF bodies
— Chain drive — 1, 2 or 3 axle trailers
Learn more: _ = New reference application = New reference application
Motorcycle braking test )
— b-state ABS algorithm — Test system response, swept path, etc.

One-axle trailer example



https://www.mathworks.com/help/vdynblks/ug/longitudinal-motorcycle-braking-test.html
https://www.mathworks.com/help/vdynblks/ug/two-axle-tractor-towing-a-one-axle-trailer.html

4\ MathWorks

Integrate Software: C Code Integration

Integrate
Software

Integrate controller algorithms: =

Call C Functions Using C Caller Block

- Native Simulink models L e
- 3" party tools (S-function, FMU, ...) | e,

= C/C++ code =
@dmu! Ml tmesk  ou [t NED

typedef struct { @
cu TrafficLightColor ’—:

double coeff; ment getMextTrafficLight  aut —»( 4 )
D double init;
fault T fault;

} params T;
— C Caller3

S-Function Builder ' L

C Caller2

TrafficLightColor il TrafficLightCalor TrafficLightColor GREEN

) system

N | IE] | | Y

Name DataType
v i Base Workspace :
~ = params '|l':J i coeff double e [nt32 input sicnaisus L r- ,@l
p — - in it do u bl e REREN int3z I inputsignal LLg g
oot - . SIGNALBUSCreatip /LB _
init fault Enum: faulth  JcounTereus, Binisz N
- erbuzken | <upper_saturation_limit> '{"—‘
— fault = r
i3z =
<lower_saturation_Emit= b@l

Learn more:
C / C++ code integration
C Ca”er bIOCk Copyright 2019 The MathWorks, Inc. 20
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https://www.mathworks.com/help/simulink/implement_algorithms_c-code.html
https://www.mathworks.com/help/simulink/slref/call-c-functions-using-c-caller-block.html
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Integrate Software: Integrating Lane Detection C Code

Integrate
Software

Integrating custom C code for lane marker detection

Learn more:
C Function Block 21



https://www.mathworks.com/help/simulink/slref/cfunction.html

Integrate Software: Integrating Lane Detection C Code

Integrate

Software

Use C Function block to
iIntegrate code:

= Specify header + source
files and where to find them

= Configure block to call
external functions at:

Initialization

Each time step

Termination

Learn more:
C Function Block
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EDITOR VIEW

:‘ % l:;j ""E) @,‘" @ @lSearch Documentation

B+ -

Insert fx -

1+
New Open Save e & PGoTov  Comment % = Breakpoints
= = ¥ = Pint ¥ ({ Find ¥ Indent ®i Zo =
FILE NAVIGATE EDIT BREAKPOINTS a
L1 2 Lj;bj@ » C: » Work » HighwaylaneFollowing_ExpoDemo » v P
Current Folder ® M Editor - C:\Work\HighwaylaneFollowing_ExpoDemo\lLaneMarkerDetector_code\LaneMarkerDetector.c ® x g
Name | HighwaylaneFollowingExample.m | LaneMarkerDetector.c | LaneMarkerDetector.h |+ | by
& VisionVehicleDetector.slxc ~ 1 /= T E
& VisionVehicleDetector.slx . 5
" VehideDynamicsFMUModel.slx 2 * Example File: LaneMarkerDetector.c
j VehideDynamicsFMUModel.fmu 3 */
/& vehicle dynamics.png
bj vehicleDetectorACFModel.mat 4
) vehideDetector.m 5 #include "LaneMarkerDetector.h"
& sensor fusion.png 6
"ﬂ scenario_LFACC_06_Straight_Stopan.
) scenario_LFACC_05_Curve_CutinOut.. 7 /* Lane Marker Detection Run */
'rfl scenario_LFACC_04_Curve_CutinOut.. E ] *
> . 8 wvoid LaneMarkerDetector run(uint8 T Frame[2359296], LaneSensor *Lanes)
ﬂ scenario_LFACC 03_Curve StopnGo.. — —
'E.I scenario_LFACC_02_Curve_AutoReta. 9 {
b i X
'{j scenar!o_LFACC_O1_Cur\.fe_Dece|Tar... 10 real T varargin 1 NumColumns;
ﬂ scenario_LF_04_Curve_RightLane.m — ==
) scenario LF 03_Curve Leftlane.m 11 real T varargin 1 NumRows;
:"“:I scenario_LF_02_Straight_Leftlane.m 1% int32 T b k;
ﬂ scenario_LF_01_Straight_RightLane.m — — .
& scenario2.png 13 boolean T exitgl;
I® scenario.png ) v 14 boolean T out;
untitled1_fmu2cs_rtw (Folder) v 15 boolean T P
;
16 .
I< >

No details available

Command Window

Jx >>
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https://www.mathworks.com/help/simulink/slref/cfunction.html

Author Scenarios: Graphical Scenario Authoring

Use Driving Scenario Designer to:
= Create roads and lane markings
= Add actors and trajectories

= Specify actor size and radar
cross-section (RCS)

= Explore pre-built scenarios

= Import OpenDRIVE and HERE
HD Live Map roads

-  Export MATLAB code
= Export Simulink model

Learn more:
Automated Driving Toolbox

Author
Scenarios

4\ MathWorks

4\ Driving Scenario Designer - PFACC_05_Curve_CutinOut.mat - Scenario Canvas

EREBEGL oo a6

LEH d e e ke Al Ul B @swe [0 &
M Rey
New Open Save Add Add Add Add Goto Step Pause Step pest Default  Export
v - - Road Actor v Camera Radar Stat Back Forward Layout v
FILE SCENARIO SENSORS SIMULATE VEW  EXPORT
Roads | Actors | Scenario Canvas Ego Centric View
Road 1 v
Name:
Width (m):
Bank Angle (deg): ° 185+
¥ Lanes
180
Number of lanes: |[2 2]
Lane Width (m): 36 175
» Marking 1-Solid 170 |
¥ Road Centers - £ 165
= .ﬁ
l x(m | ym | z(m > 160 | = i

0
2 155
:‘ o 150 |
4 39 073¢
5 3187 -480.6308 145 |
10101 4698463
3683 -456.7727 140
8 441
| ; 7 135 i s
9 2 -500
( 404 5085

b

23


https://www.mathworks.com/help/driving/ref/drivingscenariodesigner-app.html
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Author Scenarios: Automotive Scene Creation

Author
Scenarios

AMatl]WOl'kS’ Products Solutions Academia Support Community Events

RoadRunner

Use RoadRunner to:
= Design 3D scenes for AD simulation

= Customize with region-specific road
signs and markings

= Configure traffic signal timing
- Import from OpenDRIVE RoadRunner

esign 3D scenes for automated driving simulation
. Export to OpenDRIVE, FBX, ... o L e

= Use scenes in Unreal, Unity,
CARLA, ...

8 b= kL REH M RSP A A sl Ve lloSsS

Learn more:
RoadRunner



https://www.mathworks.com/products/roadrunner.html

Author Scenarios: Reguirements Definition
Author

Use V&YV tools to:

Scenarios

4\ MathWorks

A\ Test Manager

TESTS

o & P

2]

B

= Define sequence of simulations to run

= Define requirements for these tests

= Define custom report template

MNew Open Save -
- - v | [ Paste -
FILE | EDIT | RUN

QARG  Results and Arifacts

Il

Delefe | Run  Siop Debug Parallel
-

= N =i

?
&, Import o @)
Report Visualize Highlight () Export Preferences Help
- in Mode! -
RESULTS |ENVIRONMENT |[RESOURCES | Y
=] HEVP2

|Filte'tests by name or tags, e.g. tags: test

HEVP2

~ = HEVP2
- Performance HEVFP2
5] wWOT Test File
HEVP2 = ] Fuel Economy Select releases for simulation: | Current «
. [E] FTP75 -
Test Result Information ) b IAG
_ |E] HWFET R
Result Type: Test File Result » DESCRIPTION
Parent: None |E] US08 REQUIREMENTS
Start Time: 04-Mar-2019 07:25:34 P RELLIREMEN
End Time: 04-Mar-2019 07:43:23 4 Test Manager - a
Dutcome: Total: 8, Passed: 6, Failed: 2 =
Test Suite Information Hias Lo 0 = & TR . Q)
Name: HEWVP2 ew Open Save _E' "' Deete | mun Siop Debug Paralll | Report visuaige Highight i Export | Preferences Help
- - - L@ Paste - - - in Model -
Back to Report Summary FILE | eom | RUN | RESULTS |ENviRONMENT |RESOURGES |
o Results and Artifacts Start Page  x Visualize x . Assessment Result
[(Test Brofeer | [ i 3] Fi
Performance ‘FHte' results by name or tags, e.g. tags: test B 7 © AssessmentT
Test Result Information + Resulls: 2019-Mar-04 07:25:31 60 20 V,TVZNSVOC
RESUIT Tsf'pe' TBS[ Suite RESLlll 'E HEVP2 68 20 » At any point of time, SOC must be greater than 20 and less than 90
Parent: HEVP2 + [ Performance e
Start Time: 04-Mar-2019 07:25:34 ~ E wot 2o
End Time: 04-Mar-2019 07:33:16 » [T WOT_1_1_1 o L3
Outcome: Total: 2, Passed: 2 » 1) WOT_1.2_1 ° ESSION TREE
+ [ Fuel Economy 10 20 + Assessment1: At any point of f Fai
Test Suite Information <[ FTeTS 70 s }
Name: Performance ~ [1) FTP75_1_1_1 o == 00 400 o0 800 1000 1200 1400 1800 1800 2000 200 400
Back to Report Summary > L&) Baseline Criteria Result @ +SOC mustbe greater than 0., True
» il Baseline (ftpBaseline m e
L e ar n m O re - » [ Sim Qutput (HevP2Refe U'vl)sls;
. v [E Custom Criteria Result @ o 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
. . . . ~ [zl Assessments Critera R @ soc . .
Verification & Validation © Pl @ WMM\KM’MP'—V‘I\UU\M
v [I) FTPT5_1_2_1 [-] s b 2 — —— —— —— —— —— —— —— —— = ——

v Enabled
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https://www.mathworks.com/solutions/verification-validation.html
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Author Scenarios: Custom Scene Creation

Author
Scenarios

) New Scene adRunner R2021b

Support Vehicle Dynamics and \is Yot Iad 0l LA I s

ADAS / AD testing- fRdsehilevrwdos Bl v ulss

= Create custom scenes in
RoadRunner

= Import into Unreal for use
with Simulink vehicle models

— Multicast ray trace sensor to
find contact patch

— Speed bumps for suspension
travel analysis

— Hill for gradeability testing

SpeedBum
0:

Screenshot Tool | Takes 2 screenshot of the active scene. Select camera and resolution paramters in the attributes pani.

Learn more:
Using Unreal Engine with Simulink 26



https://www.mathworks.com/videos/series/using-unreal-engine-with-simulink.html

Simulate & Analyze: Results Analysis

Simulate &
Analyze

Use post-processing tools to:

= Review results with flexible
MATLAB platform and

visualization tools

gensdd.mix *

- Interact with user-friendly == = —

166 charts = find(finder);
ch = Chapter("Title", "Charts");

Live Scripts | |

169 section = Section("Title"”, chart.Name);
i7e diag = getReporter(chart);

- Au to m ate re p O rt g e n e rati O n g; diag.SnapshotFormat = getSnapshotFormat(rpt);

add(section, diag);

174 % Report the objects in this chart

175 objFinder = StateflowDiagramElementFinder(chart);

176 sfObjects = find(objFinder);

177 for sfObj = sfObjects

178 objSection = Section("Title”, sfObj.Name);

179 add(objSection, sfoObj);

180 add(section, objSection);

181 end

182 add(ch, section);

183 end

184 add(rpt, ch);

185 ¥,

»

gensdd Ln 190 Col 11

@®

Learn more:
MATLAB Live Editor -

o

&\ MathWorks

N
oo™

Figure 2.1 shift logic

Table 2.1. sf_car/shift_logic/gear _state Properties

Property Value

Type AND State

Label gear state

Events DOWN
up

Table 2.2. sf_car/shift_logic/selection state Properties
Property {vnu

Type AND State
Label selection state
‘dunr\g {down_th.up_th] = calc_thigear.throttlex

E

Simulink Report Generator

27


https://www.mathworks.com/products/matlab/live-editor.html
https://www.mathworks.com/products/simulink-report-generator.html

Simulate & Analyze: Scalability

Use MATLAB and Simulink to:

= Distribute simulations to local multi-
core, GPU, clusters, or the cloud

= Scale up computation power as needed
without needing to rewrite code

Perform large-scale computations

Learn more: using multicore desktops, GPUs,
clusters, grids, and clouds

Parallel Computing Toolbox
MATLAB Parallel Server

i

Simulate &
Analyze

4\ MathWorks

28


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

| 4\ MathWorks

Simulate & Analyze: Cloud-based ROM Generation

Create Integrate Author Simulate & Deploy
Vehicle Software Scenarios Analyze Simulation

Engine Dynamometer

- Generate engine ofome e
Reduced Order Model
(ROM) for system-level
analysis

=  Automate with Simulink +
GT Power Co-simulation

= Leverage parallel
computing on Amazon
Web Services (AWS) to
speed up process

Rasize n|:|

Copyright 2015-2020 The MathWaorks, Inc.

Learn more:
Reduced Order Modeling 29



https://www.mathworks.com/discovery/reduced-order-modeling.html
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Simulate & Analyze: Cloud-based ROM Generation

Create Integrate Author Simulate & Deploy
Vehicle Software Scenarios Analyze Simulation
E -“II

Remote p .

Desktop MATLAB
connection Desktop
e B

EC2 Instance

Local Deskto P | Security Group )

b A

Learn more: Leverage a Pre-built Cloud Configuration via Reference Architecture
MATLAB on Amazon Web Services (AWS) 30



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

| 4\ MathWorks

Simulate & Analyze: Cloud-based ROM Generation

Create Integrate Author Simulate & Deploy
Vehicle Software Scenarios Analyze Simulation

SDy oReferenceApplication - Simulink trial ut

SIMULATION MODELING FORMAT

& SiDynoReferenceApplication
@© |[PalsipynoRreferenceApplication » ad
= Engine Dynamometer RQM vs. CAE model on
£t drive cycle test:
. i - R - 0.3% fuel economy
- — o e =2 difference

i e | ’:@ - 50x faster

St

Help

=

2 Copyright 2015-2020 The MathWorks, Inc.
» |8

Ready Completed 225 simulations 94%

Automate generation of reduced order model in parallel on AWS

31



Deploy Simulation: Model Deployment

4\ MathWorks

Deploy
Simulation

Use MATLAB and Simulink to take applications farther:

= Create custom Ul's

= Create installers for distribution

- Deploy models as executables, FMU’s or web apps
= Generate code for SIL, HIL testing

= Deploy your Simulink and Simscape models on
cloud platforms like Databricks

Plate Browser Summary Tables

| SelectFiles | CurentFile icrotiter_data0001.csv

=
=
v (3

[e@@000000000 1" = ) $$ ,
| 000000000000 || |- :
| 08800000000 |1 | * .
| S88EBICCEESS M. (U /s
|sesssssccsse 0 ) )
Learn more: | 000000000000 |lf° T
Fil Mext File N B B ’ Log ECompsund] ’

MATLAB Web App Server oo Fie

H File Compound Nr | NegConfrol |  Coned Conc2 Conc3 Concd Concs Concé Conc?
MA I LAB / \pp DeS|q ner microtiter_d... -0.0741 0.3564 9.8759 56.8743 91.7323 96.7084 97.1532 97.1910

d 1
microfiter_d... 2 -0.0143 -0.5044 -0.5044 -0.5044 -0.5044 -0.5044 -0.5043 -0.4544
. . . microtiter_d 3 0.0054 -0.4702 3.1998 52.9698 97.5746 100.5006, 1006086, 1006086
S I m u I I n k C O m D I Ie r microtiter_d... 4 0.1096 0.2325 0.2385 0.3712 3.2339 41.1060 94.7343 100.6591
microtiter_d... 5 -0.0572 -0.7461 1.7104 26.8872 84.5134 99.2335 100.4717 100.5601

Embedded Systems

g0l

Mass (Kg) 2@

Stiffness (N/m) 128
Damping (N/m/s) 3 @
Initial Position {m) 0

Input Force (N) ‘ 10 }%] ‘Gane v |

Stop Time (s) 20 ij‘ simuli«t

Input Force
o
b -

(=]

Paosition
e
b -

o

Velocity
o
n -

o

o

o

=]
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https://www.mathworks.com/products/matlab/app-designer.html
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Deploy Simulation: FMU Export

Create Integrate Author Simulate & Deploy

Vehicle Software Scenarios Analyze Simulation

E Export model 'mGain_param' to co-simulation standalone FMU ﬁ
Description

Export model to co-simulation standalone Functional Mock-up Unit (FMU) using Functional

‘ New FMU Export options:
e - FMU for co-sim export with C code
e - Export model arguments as FMU parameters
et e et it i model sl - Nested FMU export

|Fi|ter by name or description

Name Exported = SourceType | Description | Unit | Exported Name = O
2 CL i - & Search.. P~ I
E ks Base Works... ks @ CoUsers\weiwulDesktophte... % |||
[R] kt Base Works... kt #
<?xml version="1.0" encoding="UTF-8"?>
- <fmiModel il numberOfEventIndi "0" generationDateAndTime="2020-12-03T19:57:01Z" variableNamingConvention="structured"
E k Model Argu... k Ve;slon='1.53“ generatl{a'I;Te'?’lfslmulInk (Rzﬂzla)“b:;scﬁl;p:lon=”Th}e van der Pol This is a ofa second
order system.” guid=". 1fb1l1lc-ac09-8aB4-9784-| 79b431341}" " il Model" fmiVersion="2.0">
hd kp Model Argu... kp - <CoSimulation canNatUseMemoryManagementFunctions="true" canBelnstantiatedOnlyOncePerProcess="true"
! ">
[R] kp.value Model Argu... Gain: kp m - <SourceFlles> .
<File name="MassSpringDamperModel.c’/>
<File name="MassSpringDamperModel_data.c"/>
<File name="MassSpringDamperModel_fmu.c"/>
</SourceFiles>
</CoSi ion
i < | sources = [w] X
Open Model Explorer... | Select All | |Unselect AII| | Reset | fome Sem  View €
« L > test > MassSpringDamperModel > sources v U O Search sources D e I o d eS kto S i u I ati 0 n
Options for saving FMU Name ' Date modified Type Siz p y p m
o : on differen
MassSpringDamperModel.c 12/3/2020 2:56 PM C Source d ff t O S
- : B Desktop » BS
Destination folder: |,rtmpftp2bde952f_ah—|qu—l | | Browse P . [ MassSpringDamperModelh 12/3/2020 2:56 PM C/C++ Header
wnloads
MassSpringDamperModel_data.c 12/3/2020 2:56 PM C Source
. . . - 4 +
Contents: | Standalone FMU (.fmu) and archived project with dependencies ~ ‘ 8 Documents MassSpringDamperModel_fmu.c 12/3/2020 2:56 PM C Source
Wl Pictuires * [ MassspringDamperModel macrosh 12/3/2020 2:56 PM C/C++ Header
- & Music * [ MassSpringDamperModel_privateh 12/3/2020 2:56 PM C/C++ Header
ol 3 test 0] MassSpringDamperModel_types.h 12/3/2020 2:56 PM C/C++ Header
B videos [ muttiword_typesh 12/3/2020 2:56 PM C/C++ Header
| Create | | Cancel | | Help ‘ [ tmodelh 12/3/2020 2:56 PM C/C++ Header
@ OneDrive o5 3 i
[ rtw_continuous.h 11/14/2020 8:10 PM C/C++ Header
= This PC [ rtw_solverh 11/14/2020 8:10 PM C/C++ Header
Learn more L] & i |"_fl"r\mypes.h 12/3/2020 2:56 PM C/C++ Header
Networl 2] . . .
) S ASESIREE e Real-time simulation
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https://www.mathworks.com/help/simulink/co-sim_gateway.html
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Deploy Simulation: Web Apps

Deploy
Simulation

Bl

0P
285

Deployed HEV model via web app:
- Start / load session

= Select drive cycle

= Specify key parameters

= Launch simulations on server
Compare results

g
( ﬁ[
]
i

—:) %
| | - Generate reports
Benefits:
Welcome! Start a new session or load a pre-saved session " Purpose-bu”t user interface
- Convenient way to share virtual

vehicle with non-expert tool users
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MathWorks Consulting Services Can Support You

Provide expert-level guidance

Model assessment kﬂ
Model Simulation performance Automate workflows

ArCh itectu re Interface standardization

Build process automation

\ . Database/Repo interface
/\' ConStrUCtlon Model-Building know-how

2 GUI driven workflow
«Q» User Tool compatibility support

Expe rience Artifact creation

Learn more:
MathWorks Consulting Services



https://www.mathworks.com/services/consulting.html

4\ MathWorks

Key Takeaways

MathWorks provides a Our platform is very flexible,
powerful platform for building and we can help you
your Virtual Vehicle customize it for your needs

Out-of-the-box capability A Custom virtual vehicle solution
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Presenter Contact Info and Poll Questions

Please contact us with questions

Brad Hieb
Application Engineer
'bhieb@mathworks.com

Mike Sasena, PhD
Automotive Product Manager
msasena@ mathworks.com

On a scale of 1 - 4, how
challenging is it for your
department to:

Are you interested in a follow-up
conversation with MathWorks?

Create the vehicle model
Integrate software

Author scenarios

Simulate and analyze results
Deploy simulations

Additional comments

4\ MathWorks

i
H

B.

C.

D

1 (easy)
Z (moderate)
3 (difficult)

4 (major challenge)

A, Yes

B. No
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Thank You

Brad Hieb Mike Sasena, PhD
Application Engineer Automotive Product Manager
bhieb@mathworks.com msasena@mathworks.com

© 2020 The MathWorks, Inc.
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Whatever your cloud environment, MATLAB can work and scale

a ﬁ a/V;SAzu re

MathWorks Cloud On-Premise Public Clouds

4

MATLAB Online
MATLAB Drive

Marketplace offerings

Reference
Architectures

Cloud Services

Cloud Center
MATLAB Online Server

MATLAB Dockerfile

A\ Vaw[eld Deep Learning Container
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MATLAB/Simulink on the Cloud

MATLAB Cloud
Service Support

GO gle Cloud - Microsoft Azure

Microsoft Azure

Amazon S3 Blob Storage

“

_!I v
sramazon

71
P webservices

Accessibility Scalability Deployment
Amazon Athena
_________________ .,] -
wse | e
SeewiyCrow _,
MATLAB Online Server MATLAB Reference MATLAB Parallel Server MATLAB Production Server
matlab.boeing.com Architecture on Cloud Reference Architecture Reference Architecture
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https://www.mathworks.com/solutions/cloud.html

Additional Resources

MathWorks Reference Architectures

— Network License Manager for MATLAB on AWS
— Network License Manager for MATLAB on Azure
— Run MATLAB on AWS

— Run MATLAB on Azure

— MATLAB Parallel Server cluster on AWS

— MATLAB Parallel Server cluster on Azure

— MATLAB Production Server on AWS

— MATLAB Production Server on Azure

MATLAB Online Server (can run on AWS, Azure and Google cloud)

4\ MathWorks
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https://github.com/mathworks-ref-arch/matlab-production-server-on-aws
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