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AUTOMOTIVE INDUSTRY TRENDS 532

Vehicles are undergoing a transformation from mostly

mechanically defined features and capabilities to software Mechanical ‘ Software
defined.

The key automotive industry trends are:
« transition to Agile development )
* increased size of software development teams
 migration of tools and workflows to the cloud

« continued adoption of model-based design engineering

Automotive

NXP, the MathWorks, and AWS have collaborated to build DevOps
an example Automotive DevOps solution which can enable
the future of Model-based design

adWs

4\ MathWorks: N—-7

Let coders do more coding!
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OVERVIEW

- The Automotive DevOps model-based design

solution incorporates:

- AWS CodeSuite services

- MathWorks® model-based design tools

- Advanced vehicle control algorithms executing on NXP
Automotive processors

- The solution allows users to develop and simulate
in the cloud, and then easily deploy to Automotive
silicon for algorithm validation.

o AWS CodePipeline
Train, Build, Simulate

/ N

aWws

Cloud
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9 MathWorks AWS loT
MiL/SiL Solutions
+ NXP MBDT J Data

W
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Major components supporting the solution include: ‘\MathWorkS" \e /
o AWS CodePipeline: Build and simulate models in the cloud

MathWorks with NXP MBDT: tools for designing, simulating, and
implementing automotive software and system models

e NXP GoldBox: execute algorithm on Automotive processor, use
profiler to measure execution time

AWS |loT Solutions: publish data to the cloud

NXP S32 PiL
+ MBDT

W (=)S32

MiL = Model in the Loop

SiL = Software in the Loop

PiL = Processor in the Loop

MBDT = Model-based Design Toolbox Add On

Automotive
Processor
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AWS PRODUCTS: CODEPIPELINE

Why did NXP choose to work with AWS?

- Numerous solutions for connected vehicles
- Strong collaboration

- Developing leading edge solutions

- Easytouse

AWS CodePipeline:

« fully managed continuous delivery service that helps you
automate your release pipelines for fast and reliable application
and infrastructure updates.

AWS Greengrass & loT Solutions:

+ open-source edge runtime and cloud service for building,
deploying, and managing device software.

dWs$S
N

How it works

L. N
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AWS CodePipeline
EXAMPLE PIPELINE Source

N

Staging
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Production

E AWS loT Greengrass core device

‘*‘ loT Apps
U

client software

5% ;\\D AWS loT Greengrass

o AWS loT Greengrass enables
loT Device local processing, messaging,
data management, ML
inference, and offers pre-built
components to accelerate
application development

Amazon Web Services Cloud

=)

AWS loT Greengrass
cloud service
AWS loT Greengrass helps
you build, deploy, and
manage your device software
across your fleets of devices
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https://aws.amazon.com/devops/continuous-delivery/

MATHWORKS PRODUCTS ‘Mathworksﬁ. x

Why did we choose to work with the MathWorks?
o Domain Expertise —across numerous domains

o toolchain for software and simulation development € > C O @& mathworkscom/products/powertrain htm arx FO*»0O
o Quick to get started: pre-built examples, quality, Powertrain Blockset
documentation.
Powertrain Blockset
The HEV Model Predictive Control application uses these L sl one powestrain SyStem
key MathWOFkS prOdUCtS' § Request a free trial ‘ Request a quote ’
o Simulink

o Powertrain Blockset
o Vehicle Dynamics Blockset

Powertrain Blockset™ provides fully assembled reference
@) E m b e d d e d CO d er application models of automotive powertrains, including

gasoline, diesel, hybrid, and electric systems. It includes a
component library for simulating engine subsystems,

AI | OoWS us to b u | | d acar ( use a p re- b u | |t m Od e I )’ ge nerate transmission assemblies, traction motors, battery packs,
. . and controller models. Powertrain Blockset also includes a
C COd e, an d run simu |at|0 n dynamometer model for virtual testing. MDF file support

provides a standards-based interface to calibration tools

for data import.




Powertrain Blockset ™

Library of blocks

4\ MathWorks

Pre-built reference applications

®2 Library: autolib - Simulink - O ¥
File Edit View Display Diagram Analysis Help
HE = r.
Pel - 3 - HC M
autolib
@ s
Energy Storage Drivetrain Propulsion

and Auxiliary Drive

O

Conventional Vehicle
Reference Application

The conventional vehicle reference
application represents a full vehicle
model with an internal combustion
engine, transmission, and

| i
» Transmission Vehicle Dynamics Vehicle Scenario Builder
W
Ready 150%

Electric Vehicle Reference
Application

The electric vehicle (EV) reference
application represents a full electric
vehicle model with a motor-
generator, battery, direct-drive

Hybrid Electric Vehicle
Multimode Reference
Application

The hybrid electric vehicle (HEV)
multimode reference application
represents a full multimode HEV
model with an internal combustion

Engine Dynamometer

Cl Engine Dynamometer
Reference Application

The compression-ignition (Cl)
engine dynamometer reference
application represents a Cl engine
plant and controller connected to a

[ E

Hybrid Electric Vehicle
Input Power-Split
Reference Application

The hybrid electric vehicle (HEV)
input power-split reference
application represents a full HEV
model with an internal combustion

Engine Dynamometer

SI Engine Dynamometer
Reference Application

The spark-ignition (S1) engine
dynamometer reference application
represents a Sl engine plant and
controller connected to a

Hybrid Electric Vehicle P2
Reference Application

The hybrid electric vehicle (HEV) P2
reference application represents a
full HEV model with an internal
combustion engine, transmission,




Gear - nfo [y =
| Info [ -/H_‘\ = ey ?
dec Trgin U Spdin 4"'-'-' \_
I G:Jl TroOut D:ﬂ:ﬁﬁ SpOut ( \windxvz FR
I—4 & “TJ -
Drivetrain Energy Storage Propulsion Transmission Vehicle Dynamics Vehicle Scenario Builder
and Auxiliary Drive
W Trace Velocity, Target, Actual (mph)[1]
50 | R
o
':f‘ 'J :r‘ﬁr.ﬂ;*.‘,’:\:r
ol L1 MR NLHHTT
0 200 400 600 B00 1000 1200 1400 1600 1800 2000 2200 2400
W EndSpd [rpm] W MotSpd [rpm)
e
5000 [ 1 PL HevMmReferenceApplication - Simulink — O *
rr'-*. 'J [L{J. M ",JJ o ,.rq'\.,r File Edit \iew Display Diagram Simulation Analysis Code Tools Help
W | 0 Yo | MY Y _
ol v 10 VAT B -1- Ee- B @GO P o [ ] [ | @[~
0 200 400 800 800 1000 1200 1400 1600 1800 2000 2200 2400 FevHmReferenceApplication
-
W Battery S0C
BO Q Environmant ’
f
-\\—‘1 ;’\’H EZ LI -
\'t 1) = - r"';. P\I'iEL.IE“ZE'iOI'I
- 11 » e ol
|ﬂ r + + + + + + + + + + + + _b |
! ' i ’ ' vl Drive Cycle Source
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 —
FTPYS (2474 secands) Longitudinal Driver I—D § < . Passenger Car
Info y —
H US Fuel Economy MPGe
Controllers
EngTrg b
100 | ] =
-F|
=l »
0 200 400 600 B00 1000 1200 1400 1600 1800 2000 2200 2400 Ready 100% ode23th

A MathWorks'




MBDT OVERVIEW: PROCESSOR IN THE LOOP (PIL)
4\ MathWorks-

Environment »
»
Visualization
»
—

Longitudinal Driver

FTP75 (2474 seconds)

N y— Vehicle Model

Controllers

NXP MBDT:

* brings the power of
Model-based design to NXP
Automotive real-time processors

II and vehicle network processors

* Excellent for early prototyping and
performance measurements

NXP MBDT “HCP” 7

S YYIYIIY

XEV Propulsion Controller
- Battery SoX algorithms

Service Oriented Gateway o ..ﬂ |
- in-vehicle secure networking ° '

- edge processing | NXP S32G2 GoldBox NXP S32S GreenBox 2

- cloud interface . -Ti
Vehicle Network Processor Real-Time Controller

- Energy Management
- Motor control
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Automotive DevOps
Demonstration
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LET'S WALK THROUGH THE DEMONSTRATION: “LOCAL DESKTOP”

Code Commit

Build

Deploy to target

PiL Simulation with GUlIs /

metrics and performance
profiling

AWS Cloud

~
Q<

-
|

AWS CodePipeline a

AWS CodeCommit

—————————————————————————————————————————————————————————————

AWS Connected Mobility Solution

ontainer Build 4&

R AWS CodeDeploy

x 4\ MathWorks:

dWS

\./‘7

desktop

X

-@

Hybrid Control

532G Goldbox C EI
S c Stack
ecure ‘T‘ms © Sagemaker Neo

AWS loT Edge Runtime
GreenGrass

ECS-Anywhere Service
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LET'S WALK THROUGH THE DEMONSTRATION: “ALL CLOUD TOOLCHAIN"”

Code Commit

Build

Deploy to target

PiL Simulation with GUIs /

metrics and performance

profiling

x 4\ MathWorks- aWS |

AWS Cloud

AWS CodePipeline

Gl
I

AWS CodeCommit

/> B

Code generation and Container Build ' 4&
: enkd :
! Jenkins Buil '

AWS Connected Mebility Solution

| AWS CodeDeploy

—

loT Core

A

532G Goldbox C @I
Secure CoTxms Stack Sagemaker Neo
e
A"
eth0

Hybrid Control
ECS-Anywhere Service

GreenGrass

AWS loT Edge Runtime
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aws 32 Services | Q ] r B 4 @ Ohio ¥ admin/galstep-isengard @ 4611-0627-0775 ¥

AWS CODEPIPELINE ~

Developer Tools X Developer Tools CodePipeline Pipelines nxp-mathworks

E XA M P L E CodePipeline

£ Notify v II Edit ” Stop execution H Clone pipeline | Release change

nxp-mathworks

@ Source Succeeded
Pipeline execution ID: eaObac40-661c-44d2-aabb-baee969edbb2

CodeCommit_Source ®
AWS CodeCommit

@ Succeeded - S minutes ago

Code commit 6359066

6359066 CodeCommit_Source: clear mex

C O d e b u i I d g S)ejl::‘:::::anl:li:deaO:::::::ldc-dddz-aabs-baee969ed6b2
(MATLAB codegen and NXP MBDT)

JenkinsBuild ®

Custom MyJenkinsProvider (Version: 3)
2]

@ Succeeded - Just now
Details 2

Code deploy

¢6359066 CodeCommit_Source: clear mex

© Deploy succeeded
Pipeline execution ID: eaDbacd 0-667c-44d2-aabb-baeeS63edbb2

CodeDeploy ®
AWS CodeDeploy
@ Succeeded - Just now

Dretails

c6359066 CodeCommit_Source: clear mex
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JENKINS BUILD OUTPUT

- Create elf file for target execution on S32G

"$$## Created: ./MPC_DBL Target.elf”
"$%% Invoking posctbuild tool "Code Size" ..."
aarché4-fsl-linux-size --format=berkeley ./MPC DBL Target.elf
Text data bss dec hex filenane
78301 2000 416852 497253 79665 ./MPFC_DBL Target.elf
"$$$% Done invoking postbuild tool."
"$$$ Successfully generated all binary outputs.”

) D localhost:8080/job/MATLAB.Build/67/console

» #67

ieiive ame cmemse U ey e ey saves Sves e map e seeamesm  ep Spemacwy Mpewn  GFMeuLS  wedsuses e crv =0 sl CgMaNT YLy Mae s ama —asemes
-0./MPC_DBL Target.elf xil interface_lib.o xil data_stream.c xil services.o xil_interface.c xilcomms rtiostream.c xil rtiostream.o rtiostream utils.o
coder_assumptions_app.o coder_ assumpticns_data_stream.o coder_assumptions_rtiostream.c pil_main.o rtiostream tcpip.o ../../../../slprj/ert/MPC_DBL Target
/MPC_DBL_Target_xrtwlib.a C:/Users/Administrator/Documents/MATLAB_Uenkins/ISC_Task4_S32G2/Work/slprj/ert/_sharedutils/rtwshared.a C:/Users/Administrator
/Documents/MATLAB Jenkins/ISC Taskd S32G2/Work/slprj/ert/MPC DBL Target/coderassumptions/lib/MPC_DBL_Target_ca.a -1lm -lpthread
"$$# Creaced: ./MPC_DBL_Target.elf"
"$$# Invoking postbuild tool "Code Size" .,."
aarché4-fsl-linux-size --formac=berkeley ./MPC_DBL Targec.elf
Text data bas dec hex filename
78301 2000 416952 497253 79665 ./MPC_DBL_Target.elf
"$$#%# Done invoking postbuild teol."

"$$$ Successfully generated all binary outputs.”

- AWS CodePipeline Build successful

C:\Users\Administrator\Documents\MATLAB_Jenkins\ISC_Task4_S32G2\Work\slpxrj\ert\MPC_DBL _Target\pild>exit 0

#%#3% Updating code generacticn report with PIL files ...

Caught throwable while adding doc set item to doc set builder: null

[Warning: Block diagram ‘simHEV' contains 2 algebraic loop(s). To see more details about the loops use the

command <a

href="maclab:Simulink.BlockDiagram.getAlgebraicLoops (bdroot); ">Simulink.BlockDiagram.getilgebraicLoops (' simHEV')

</a> or the command line Simulink debugger by typing <a href="matlab:sldebug(bdroot);">sldebug('simHEV')

</a> in the MATLAB command window. To eliminate this message, set Algebraic locp to "ncne".)

[> In build _model (line 4))

Found algebraic loop containing:

SimHEV/HEV_Plant/HEV_Mathworks/Electric Plant/BIM

SimHEV/HEV_Planc/HEV_Machworks/Electric Plant/Battery (algebraic variable) (discontinuity)

This algebraic lcop may be resclved when the subsystem option 'Minimize algebraic loop occurrences' is selected on scme or all of the atcmic and enabled
subsystems in this algebraic lcoop or if 'Minimize algebraic loop occurrences' is selected on the Model Referencing pane of referenced models in this
algebraic loop

Found algebraic loop containing:

sinHEV/Environmentl/Switch3 (algebraic variable) (discontinuity)

[Warning: Discontinuities detected within algebraic lcop(s), may have trouble solving]

[> In build _model (iine 4))

#%#% Starcing applicaticn: 'Work\slprj\ext\MPC_DSL_Target\pil\MPC_DBL_Targetv.elf'

{Warning: Connection te box failed, if cthis is build server then that is ok!]

{> In build model (line 7))

[Warning: Cannot close the model ‘simHEV' because it has been
first save the model]

{Warning: Cannct close the model ‘autclibshared' because it has been
to first save the model)

[Warning: Cannot close the model 'auteld $
‘save system' to first save the model)

d. Use the

‘save_system' to

Use the

‘save_system'

it has been changed. Use the command

WAL e Whadsw IWTIA T VIV ITIVIG T VIV IV sy
—-—

[AWS CodePipeline Plugin] Upload successful
[AWS CodePipeline Plugin] Build succeeded,
Finished: SUCCESS

calling PutJobSuccessResul:

ot close the model ‘'autolibuctils' because it has been changed. Use the command ‘save_system'
the model]

ot close the model 'autolibengctrlr’ because it has been
to first save the model)

ot close the model 'autolib
_system' to first save the model)
not clese the model ‘'autolibdrivetraincemmon' because it has been ch d
 to first save the model]

Use the

ivetrai i it has been changed. Use the

Use the

TTYUSersY niscracor\Documencs\MATIAB Jenkins\ISC_Task4_S32G2>exit 0
[AWS CodePipeline Plugin] Publishing artifacts
[AWS CodePipeline Plugin] Compressing directory 'C:\Users\Adminiscracor\Documents\MATLAS Jenkins' as a 'Zip' archive
[AWS CodePipeline Plugin] Uploading arcifact: {Name: Artifact JenkinsBuild JenkinsBuild,Location: {Type: S3,S3Location: {BucketName:
dstack-nxpma inerpipeli-cm281£4b3sl),ObjectKey: nxp-mathworks/Arctifact_J/SLwnzZ8}}}, file: C:\Users\ADMINI~1\AppData\Local
\T \MATLAB Build-4874275437042705845.24p
[AWS CodePipeline Plugin] Upload successful
[AWS CodePipeline Plugin] Build succeeded, calling PutJcbSuccessResult
Finished: SUCCESS

s

REST APl
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PIL SIMULATION 4\ MathWorks:

v Processor in the Loop |W| @
'\ "I ﬁ\% ' r

\/ Slmulate Wlth Standard dl’lve FTP75 (2474 seconds)
cycles (e.g. FTP-75, USO06,

Vehicle Model

CCCCCCCCCC

WLTP III)

v S32G target profiling ||

supported by NXP MBDT

NXP MBDT "HCP”

I
. < s

NXP S32G2 GoldBox
Arm Cortex-A53
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Scenarios Panel (Green = ON)

Driving cycle RefSpd (m/s)

/

Trace Velocity, Target, Actual (mph) Battery Current (A)

T i

Engine Speed, Motor Speed (RPM) — Battery SOC (%)

r

T=23.510 16% Engine Torque, Motor Torque (Nm) ——~ US Fuel Economy (MPGe)

17



PROFILING

simHEV - Simulink - o Q]
R oy Code Execution Profiling Report - o
b1} ¢i simHEV | . . o
S [Esmievs Code Execution Profiling Report for
¢ E | . . o
s @ simHEV/HEV_Controllers/Powertrain Control Module (PCM)/Hybrid
‘s » &
= & Control Module (HCM)/Hybrid Control Module (HCM) - Optimal/HEV
o -
= r 1 Energy Management and Battery Thermal Management/MPC-DBL
(B ' () » The code execution profiling report provides metrics based on data collected from a SIL or PIL execution. Execution times are calculated
0 e 4 | {',‘:‘:{5 75 from data recorded by instrumentation probes added to the SIL or PIL test harness or inside the code generated for each component.
% = | See Code Execution Profiling for more information.
[ M—] 1. Summary
Scenarnos Panel (Green = ON)
Driving cyce RefSpd (ms) Total time 15083965022
| 2 ‘ ‘ ‘ Environment Panel (Green = ON) Plant Model Panel (Green = ON) Unlt Of tlme TiCkS
Sl e e —— Accassary Load Command report(executionProfile, 'Units', Ticks');
| o - h} Timer frequency (ticks per second) unavailable
— R . S ' Profiling data created 22-Mar-2022 18:35:31
B |EER -
: 1P e 2. Profiled Sections of Code
e - L |
Profiling: simHEV/HEV_Controllers/Powertrain Control Module (PCM)/... - O & Section gxae)::l:::m Eer‘::el:taig: M_la_l"“n':l::'“tiils' "l\'l\::;ai?letiizlsf Calls
) Time in ticks  Time in ticks
MPC_DBL_Target_initialize 2200 2200 2200 2200 15 4@
Code Execution Profiling MPC_DBL_Target_Init 297611 297611 297611 297611 15418
P (+] MPC_DBL_Target [0.1 0] | 13944124 10766356 I 2024476 1612268 1401 & 4 A
* For a profiled component, click a blue-shaded block. MPC_DBL_Target_Term 1000 1000 1000 1000 1l 448
* For top-model tasks, click the blue-shaded background.
[[Aiternatively. you can View the Tull code execution profiing repors | 3. Definitions

Execution Time: Time between start and end of code section.

PUBLIC



PROFILING RESULTS: TIME SERIES AND HISTOGRAM

Simulation Data Inspector - untitled* - o Figure 2 -
: ‘ : ‘ @~ D ._ | ra ORR e File Edit WView Insert Tools Desktop Window Help

Dede|2|0E|E

m MPC_DBL_Target [0.1 0]

Distribution for MPC_DBL _Target [0.1 0]

@ 1.4e+7 0.3
. ']
1.2e+7 0.25
D | .
v
5 0.2
8 Il g
J - :
('
o 0.15
‘ 8.0e+6 - g
- o
E 01
S
"‘ 6.08+6 - —
- 0.05 4
4.0p+6 - L
. 0 I 1 L
_ . | | . | 4 6 8 10 12 14
0 20 40 60 80 100 120 140 Execution Time +10°
Time Series Histogram
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RECAP: AUTOMOTIVE DEVOPS MODEL-BASED DESIGN EXAMPLE

Code Commit: track changes for
global user base

Code Build: leverage installed
tools for multiple users;
integrated with MathWorks and
NXP model-based design tools

Deploy: push compiled code to
HIL / PIL systems for testing

Simulate: PIL execution with
real-time profiling on
Automotive processors

AWS Cloud

-------------------------------------------------------------

R AWS CodeDeploy

AWS CodePipeline a E
—> > ‘ AWS Connected Mobility Solution
| seniins MBDT
| Jenkins Build
— @
loT Core
AWS CodeCommit

Secure CoTxms Stack
GreenGrass

Hybrid Control
ECS-Anywhere Service

532G Goldbox C

Sagemaker Neo
AWS loT Edge Runtime

PUBLIC
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AUTOMOTIVE DEVOPS MODEL-BASED DESIGN

N
Z 0

Design, build and simulate in the cloud. Engineers use
model-based systems engineering (MBSE) to manage
system complexity, improve communication, and
produce optimized systems

Deploy to the Automotive Edge. NXP’s S32G Vehicle
Network Processors interface with all the vehicle
functional domains and provide secure processing
(Al/ML) and network acceleration for vehicle edge
services.

Integration with AWS CodePipeline and AWS loT
Greengrass enables a DevOps workflow built on
AWS.

aws
N
AWS CodePipeline Cloud
Train, Build, Simulate
MathWorks AWS loT
_____________ MiL/sik | Solutions |
+ NXP MBDT Data
‘ MathWorks’ \ /
NXP S32 PiL !
+ MBDT
Automotive
Processor
X $32
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Conclusion
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4\ MathWorks:

SUMMARY AND SOLUTION BENEFITS

- Develop in the cloud and deploy to edge

Math. Graphics. Programming.

MATLAB is a programming and numeric computing platform used by millions of engineers and

° TO me et th e au to m Otlve tre n d S ’ we h I g h I Ig h te d : scientists to analyze data, develop algorithms, and create models.

- transition to a Continuous Integration / Continuous Deployment workflow Getafree tral
- AWS CodePipeline

trained network 5
b el s sk o s =

- increased size of software development teams
—> cloud migration using AWS solutions

Developer Tools
Developer Tools

- migration of tools and workflows to the cloud cosePpeine AWS CodePipeline

2 AWS hosting MathWorks and NXP MBDT visualize and automate the
b ot o different stages of your

- continued adoption of model-based design engineering software release process

- supported by MathWorks toolchains and NXP MBDT I

- Edge deployment using NXP MBDT and Automotive Real-Time
Processors and Vehicle Network Processors:

23



« NXP:
GoldBox GreenBox
X
MBDT
www.nxp.com/GoldBox www.nxp.com/GreenBox www.nxp.com/MBDT

FOR MORE INFORMATION

- Connected EV_Management Demo

« AWS:
- AWS CodePipeline | Continuous Integration & Continuous Delivery (amazon.com)

- Intelligence at the 10T Edge — AWS loT Greengrass — Amazon Web Services

MathWorks:
- https://www.mathworks.com/solutions/automotive/virtual-vehicle.html

For follow up: curt.hillier@nxp.com

PUBLIC
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https://www.nxp.com/video/introducing-the-nxp-aws-connected-ev-management-solution-demo:AWS-CONNECTED-EV-MANAGEMENT-DEMO
https://aws.amazon.com/codepipeline/
https://aws.amazon.com/greengrass/?c=i&sec=srv
https://www.mathworks.com/solutions/automotive/virtual-vehicle.html
mailto:curt.hillier@nxp.com
http://www.nxp.com/GoldBox
http://www.nxp.com/GreenBox
https://nxp.com/MBDT
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