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Agenda

Evolution of architectures and key challenges

Simulink for service-oriented architectures (SOA)

Simulink support for SOA industry standards
— Simulink for AUTOSAR Adaptive

— Simulink for Data Distribution Service (DDS)

Conclusions and key takeaways



The rush for Geld Software

o com the news...

General Motors Adds 3,000 New Tech
Jobs to Boost Virtual Testing and Software
Expertise

Volkswagen’s Boss Warns the Troops: We
Don’t Want to End Up Like Nokia

Daimler to Cut Out Suppliers to Fund
Software Hiring Spree

MATLAB

= Continental and Amazon Web Services
Create Platform for Automotive Software

= Bosch Consolidates All Automotive Software
And Electronics Into New Division

https://media.gm.com/media/us/en/gm/home.detail.html/content/Pages/news/us/en/2020/nov/1109-techjobs.html

https://www.bloomberg.com/news/articles/2020-11-06/vw-s-boss-warns-the-troops-we-don-t-want-to-end-up-like-nokia

https://www.ft.com/content/6173af2c-2ea8-4€90-876a-5cc189e3342b

https://www.continental.com/en/press/press-releases/20210415-continental-and-amazon-web-services-251210

https://www.forbes.com/sites/samabuelsamid/2020/07/21/bosch-consolidates-all-automotive-software-and-

electronics-into-new-division/?sh=46032fb81320 3



https://www.autonews.com/manufacturing/gm-hire-3000-software-engineers-designers-advance-evs
https://www.bloomberg.com/news/articles/2020-11-06/vw-s-boss-warns-the-troops-we-don-t-want-to-end-up-like-nokia
https://www.ft.com/content/6173af2c-2ea8-4e90-876a-5cc189e3342b
https://www.continental.com/en/press/press-releases/20210415-continental-and-amazon-web-services-251210
https://www.forbes.com/sites/samabuelsamid/2020/07/21/bosch-consolidates-all-automotive-software-and-electronics-into-new-division/?sh=46032fb81320
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Industry trends

Automated driving

Connectedavehicles
jﬁ_f// A .i s

B~

Software Defined Vehicle

Key enablers:

1. Centralization of computing power into high-perfomance, on-board computers

2. New approach to E/E and software architectures
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Evolution of E/E architectures

T

=
« ~100 ECUs « Domain controllers * Vehicle/zone controllers
« One function per ECU « Multi-core ECUs * High-performance CPUs
Heavy and long wiring « Gateways and networks (Many-core, GPU, FPGA)

High-speed ethernet

Distributed Consolidation Performance-Connectivity ,
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Towards service-oriented architectures

Application Software Application Services

Basic Services

By Basic Software M|ddleware
Hardware ngh Performance
Hardware/Virtual Machine
* High SW-HW « Static SW component * Dynamic Service
coupling allocation (design-time) discovery (run-time)
* No standard APIs » Signal-based » Service-oriented
* No/minimal SW reuse communication communication
+ HW abstraction * Higher HW abstraction
* Monolithic update (full « Selective updates
image flashing ) (OTA)
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SOA — What's it all about?

= SOA consists of services that communicate across different

platforms over messages.

= SOA provides flexibility to add, remove, or update components
without impacting the entire, typically large, software system

— AUTOSAR Adaptive Platform
— DDS (Data Distribution Services)
— ROS (Robot Operating System)

/7

AUTOSAR Blockset

Design and simulate AUTOSAR software
DDS Blockset

Design and simulate DDS applications

.
—-—— e - = = - P

-
~

ROS Toolbox

Design, simulate, and deploy ROS-based applications

15
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Key challenges

= Service-oriented applications are still new for Automotive industry
« Coexistence of legacy and SOA architectures

= Reuse of existing expertise, workflows and software assets (don’t start from
scratch)

16
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Simulink : Deploy software to different targets and standards

\/ S. | . k \
1 x = 1:10;
2 n = length(x):
3 avg = mymean (x,n) ;
4 med = mymedian(x,n):
s

— o E— E— S S S S S B S S B B Sy,

A

e e e e e o o o o o o o o=

AUTOSAR Adaptive / ROS / DDS
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Poll Question #1

Are you already working on SOA based applications? (Check all that apply)

Yes, I’'m working on a production or pilot project

Yes, | plan to reuse existing Simulink models / use MBD for SOA
No, but I'm going to work on SOA in near future

No, I’'m not planning to work on SOA

19



Agenda

=  Simulink for service-oriented architectures

MATLAB
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Simulink Messages for Service-oriented communication

@b Simulink Library Browser

=] | Enter search term
Simulink/Messages & Events

w  Simulink
»  Additional Math & Discrete

Commonly Used Blocks
Continuous
Dashboard
Discontinuities
Discrate
Logic and Bit Operations
Lookup Tables
Math Operations
Messages & Events
Model Verification
Model-\Wide Utilities
Ports & Subsystems
signal Attributes
Signal Routing
Sinks
Sources
String
User-Defined Functions

MATLAB EXP

\\\\\\\ » ;h;;,@

SIMULATION

1 Open ~

*i MessageSendReceiveDefaultBufferModel * - Simulink

DEBUG MODELING

U] Stop Time

Send Component ] [ Receive Component ]

=]

@

I'IDAIIIAIA | I[:]

T
i
Send |
1
1
1
Y

| E ) l|
i

Auto

T
1
i
i
hd hd -
New @ Save All Fo Log | MNormal f | - i | (o_,?m T
~ = Print ~ Browser ~lgnals H@ Fast Restart / B 03 i ©0.2955) i
1 | 1
FILE LIBRARY PREPARE 04 i ?wx_ﬂm))é
g = MessageSendReceiveDefaultBufferModel I - i é‘\“:’“‘!l‘w\)é
= MessageSendReceiveDefaultBufferModel » / o i é‘\“’%"ﬂ\){'}
@ 1 1 1
07 1 ( Y ) :
! @ S i —
E Ready Shown
=5
=) 4 mSend mReceive N
7]
0 S AR
—  Out1 In P Outp
Send In
Subzyziem ' Receive
N / N /
- Service Send Service Receive
«
Ready 122% FixedStepAuto

You can model service-oriented communication
using messages (Send/Receive).
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Bus Support for Messages

Message lines can be combined
via a bus

Can use a queue on the bus ful®
Accessed either via a bus -
selector or bus element port 3

TopBus . NestedBus.Sine (J——

TopBus . NestedBus Pulse (J————

>—». TopB

TopBus . Chirp (O

(0 TopE

_/ L e TopE

R2020b

>—>. TopBus1 . NestedBus1_Sina

us1 . NestedBus1 Pulsel

us1 . MestedBus1.Chirp

us1 . Ramp

25
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R202 1
Message Merge

BE Simulink Library Browser — O X

=) Enter search terrm h *IfmrE- @} = &

= Combine multiple message lines into a single message line e

Commonly Used Ble

= Specify both nonvirtual and virtual buses to carry Messages. smulink S 5<) b B{@ X

Continuous )
Send Receive
B8 Gmulink Library Browser — O X | % untitled* - Simulink - o X Dashboard
& & [enterseachtem_v] M | - S v| = @ FORMAT C++ CODE Discontinuities 3 15 >
Simulink/Messages & Events E:} Y Open ~ EE /!.‘ Stop Time A w Ils (=) B DiSCFE"[E
v Simulink A New Ol Sve ~ - ¥ ||| Norma > S Pox St s Data g - -
Commonly Used - @ Pprint - gt Signals 9 Fast Restart e e Inspector Logic and Bit Opera Queus Message Merge
R ;:::::": send Receive FILE :u;mv PREPARE SIMULATE REVIEW RESULTS - Y LDDl-’.l..Ip Tables —
Discontinuities - 3 - H v
Discrete A D @ é @ g Math Operations 7 A g e
Logic and Bit Ope’ Queue Message Merge - H —
Lookup Tables A El § @ i Messages & Events ) - 5 .
Math Operations W g e .- Hit Crossing Probe Sequence Viewer
emeneal | v & Model Verification g 9
Model Verificatiol Hit Crossing Probe Sequence Viewer = i L &
Model-Wide Uti - Maodel-Wide Utilitie Messages
Ports & Subsyste 5] Eiﬂl!
Signal Attributes Emgics - Ports & Subsystems Examples
Signal Routing - -
sinks ; O E Signal Attributes Examples
el = . . P
Stiing |@ Signal Routing
User-Defined Fur 16 - ] 4@ :
> Additional Math @ FLLL l 5|r|k.5-
> Quick Insert M Merge
> Audio Toolbox Sources
> Automated Driving Ti ! .
> AUTOSAR Blockset @ Strlng
Data Acquisition Tool . .
DDS Blockset User-Defined Functi

> Embedded Coder k
Fixed-Point Designer

Additional Math 8 |

> Fixed-Point Designer ] .

> HDL Coder Quick Insert
> Mixed-Signal Blockse , -

% 5 « - Audio Toolbox

Running 116% T=0450 I 4% auto(FixedStepDiscrete)
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Event-Based Logging and Animation

= Inspect and animate events in the

model involving:
— Function-Call Subsystems
— Simulink Messages
— Simulink Functions
= Using
— Event Logging
— Event Animation

— Sequence Viewer tools.

MATLAB E.

2021

3 untitled * - Simulink

P, untitled * - Simulink

SIMULATION

MODELING FORMAT

oo - g8
I
New E Save - -

Stop Time | 10.0 dg @ ub @

| | Normal - |

Library Step Run Step Stop Data
- @ Print = Browser S B Eoct Docdock Besl Forward Inspector
FLE LIBRARY PREPARE Log Events - Log event sequence in Sequence Viewer h REVIEW RESULTS =
r untitled B | o
8 g

SIMULATION MODELING FORMAT

P4 MsgEthernetMdl * - Simulink

b x Trace Signal R | Pause Time| (se0) Stop Time | 100 o)
@ B o= T ] s | & (S ] @ D
t Qut M Add Breakpoint = -

2 « | Disgnostics | TR o Updste |Memal | g R e

Advisor + - Overlays ~  Output Values %3 G ~ B Breakpoints List ~ p— Model ~ | o8 Fast Restart Back v v  Foward
as

PERFORMANCE DIAGNOSTICS TO0LS BREAKPOINTS SIMULATE

_ Medium

3 untitied
Slow

g @

T None

K]

(A ; X1 Trace Signal [ B | pause Time] (seq) Stop Time | 50 1" -
e ﬁ — : - 4‘ Animation speed & - — NG k“) ub W
formance | Diagnostics Information | = E] [ i (Medium « | Update Step  Pause  Sten  Stop
Advisor v - Overlays v  Output Values U (@ v &= ere List Model v | 5 Fast Restart Back v  ~ Forward
PERFORMANCE DIAGNOSTICS TOOLS BREAKPOINTS EVENT ANIMATION  COMPILE | SIMULATE ry
g @ MsgEthernetMdl 3
[
g : Compitar -
?
g @Q Compuier 1 7
e ——— E vacags Churat Ushaston Ly — oo ——
= o e A= & | o
E ‘Softwars Componant | 1 =l = : - Sofwars Componant 2
(]
O
1111/ W)
e
hO
-
% Copyrignt 2020 The Matcrss, i
Running 3% =0.020 0% auto(VariableStepDiscrete)

27



MATLA

Agenda

Simulink support for SOA industry standards
— Simulink for AUTOSAR Adaptive

— Simulink for Data Distribution Service (DDS)

28
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' Simulink support for SOA industry standards

AUTOSAR Adaptive Platform implements the AUTOSAR

[ Adgpti\{re Ada_pti\fe Ada! pl'na.re Adqpti;zn
Runtime for Adaptive Applications (ARA) for automotive e "o "o, M

industry.

AUTOSAR Runtime for Adaptive Applications (ARA

API APl APL
. m o

| service [ Service |
Model, simulate, test and generate code for AUTOSAR
Adaptive applications in Simulink.

Adaptive AUTOSAR Services

AUTOSAR Blockset
Design and simulate AUTOSAR software

§ Request a free trial
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Simulink support for AUTOSAR Adaptive

In AUTOSAR Adaptive, services
Implement communication through:
— Events

— Methods

— Fields

In Simulink, Events can be modeled
as Messages and then configured for
code generation

W E®

OB @

Dt
% Extin
lofiLaneDistance
Event Recal
@ o
o S
%h tin S LB P
lefiTurnindicator - efiHazardindicator
Dt Eves d
(F——s= ELR—
beeftC el B bnvd Spot
Eve
Dt
{I;: Extin | RigriLana! Distanca
fiLanalmtance
Eva
04 i
{T‘_,: Extl | Rigre T tHiaza Woahos ] ] 5
righiTurnirdicator rightHazemdIndicator
Eui
Dt
{% Evtn  SigOut #| RigrtCarinBind Soo
htC e nBlind S pot
-"'I_-I‘I St Maoshval Lena{udancadigonthm
(11 |

Filker Contents

v [E autosar
[] AdaptiveApplications {?1 @

v mE Service Interfaces

W ProvidedInterface I{::I ﬁ

@ BEvents =
e Mamespaces Name SwialibrationAccess DisplayFormat

RequiredInterface @ leftHazardIndicator  ReadOnly
@ XML Options 8 rightHazardIndicator ReadOnly

AUTOSAR Adaptive C++ compliant code
Is generated by Embedded Coder.

30



Adaptive SW architecture concepts

RequiredPort

AUT(©@©SAR

H
1
Radar Service Interface \i/

Adaptive
Application

ProvidedPort

Lane Guidance

"Radar" : {

// events

"event" : {
“leftLaneDistance"
“leftTurnIndicator™
“leftCarInBlindSpot”
“rightLandDistance”
“rightTurnIndicator”
“rightCarInBlindSpot”

},

// methods

"method" : {
"Calibrate"
"Adjust"

},

// fields

"field" : {
“updateRate"

}

Hazard Service Interface

“Hazard" : {

// events

"event" : {
“leftHazardIndicator”
“rightHazardIndicator"

}I

// methods

"method" : { },

// fields

"field" : { }

MATLAB E

31



Modelling an AUTOSAR Adaptive application in Simulink

Adaptive

Application

RequiredPort

"Radar" : {
events

"event" : {
“leftLaneDistance"
“leftTurnIndicator™
“leftCarInBlindSpot”
“rightLandDistance”
“rightTurnIndicator”
“rightCarInBlindSpot”

5
// methods

"method" : {
"Calibrate"
"Adjust"

b,

// fields

"field"™ : {
“updateRate"

4

MATLAB EXP

S

O~ U Stop Time | 10.0 ) Iy
== 5 B | | i @ > (= \"J
- MNormal - ] _
New Library T TEPARE Step Run Step  Stop Logic Bird's-Eye
- @ ~ | Browser o Back~ - Forward Inspector Analyzer Scope
FILE LIERARY SIMULATE REVIEW RESULTE
autosar_LaneGuidance
® *a| autosar_LaneGuidance »
Q ol - o1
{1} Ewtin Sigout I+ LeftLaneDistance
E leftLaneDistance
Event Receive
—
- bl . - - [ PR D1 D1
{2 .:- Ewtin Sigout | LeftTumindicator lefitazardindicator p{ sigin E-..1D|.|t
lefTurnindicator IefiHazardIndicator
Event Receivel
o1 o1 Event Send
D = Evtin Sigout ¥ LeftCarnnslindspor
] leftCarinBlindSpat
Event Receive?
ol - o1
= Ewtin Sigout | RightLanaDistance
rightLaneDistance
Event Received
ol o1 o1 =1
{4 Ewtin Sigout | RightTumnindicator rightHazardindicator - Sigin E-.1Dut
righiTurnindicator rightHazardIndicator
Event Received
Event Sendl
ol o1
{6 Ewtin Sigout ¥ RightCarnslindspat
rightCarlnBlindSpot
@ Event Recenves LaneGuidanceAlgarithm
Copyright 2018 The MathWorks, Inc.
»
Ready 100%

autol(FixedStepDiscrete)

32



Modelling an AUTOSAR Adaptive application in Simulink

Adaptive

Application

ProvidedPort\;

“Hazard" : {
cevents

"event" : {
“leftHazardIndicator”
“rightHazardIndicator"

},

methods
"method" : { },
// fields
"field" : { }

4

MATLAB EXF

A~ 1] Stop Time | 10.0 - sl
o g- = | B ©® b= \"J
- MNormal - ‘ ] _
Mew | Library TTEPARE Step Run Step  Stop Logic Bird's-Eye
- @ -  Browser :@ Back~ - Eorward Inspector Analyzer Scope ‘
v —
FILE LIERARY SIMULATE REVIEW RESULTS A |
autosar_LaneGuidance
® *a| autosar_LaneGuidance » -
Q Ol ] ol
| Evtin Sigout | LeftLaneDistance
E leftLaneDistance
Event Receive
—
- ol A - bt ol ' D1 (=31
= Evtin Sigout ¥ LeftTumindicator \efHazardindcator | sigin Eviout “{:)1
lefTurnindicator IefiHazardIndicator
Event Receivel
o1 o1 Event Send
Evtin sigout ¥ LeftCarnelindspot
] leftCarlnBlindSpat
Event Receive?
ol ] ol
] Evtin Sigout | RightLanaDistance
rightLaneDistance
Event Received
ol ] ol ol ol
| Evtin Sigout B RightTumindicator rightHazardindicator = Sigin EviOut = 2 )
righiTurnindicator rightHazardIndicator
Event Receved
Event Sendl
Ol ] ol
Evtin Sigout | RightCarinBlindspot
rightCarlnBlindSpot
Event Receiveb

[

» ||[d

Ready

LaneGuidanceAlgonthm
Copyright 2018 The MathWorks, Inc.

100%
-

autol(FixedStepDiscrete)
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Dynamic Service Discovery

[=5| AUTOSAR Dictionary: autosar_LaneGuidance Adaptive — O pd
Filter Contents
. . . . v 55 AUTOSAR T [
Find adaptive services by using v (1 AdaptiveApplications| [ % @
. . v LI LaneGuidance Nat (
dynamic discover ot ‘ -
y y o RequiredPorts | | ;5 paqujiredPort  RequiredInterface

9, ProvidedPorts
v @ Service Interfaces
v &% ProvidedInterface B

. & Events
" Conflgure AUTOSAR e Nalmegpaceg Instance Specifier: RequiredPort
adaptive applications to discover and v RAuredIntenace  mstance Identifier: 1
subscribe to adaptive services as Mfg*;r;ggpm Service discovery

Service Discovery Mode: DynamicDiscovery S

they become available

= You can also configure service port

programmatically as OneTime or apiObj = autosar.api.getAUTOSARProperties(“autosar_LaneGuidance");

DynamiCDiSCOVGry apiObj.set("/LaneGuidance_pkg/LaneGuidance_swc/LaneGuidance/RequiredPort/",
"ServiceDiscoveryMode"”, "DynamicDiscovery")

34



AUTOSAR Adaptive workflows

Top-Down

Export ARXML

4 )
AUTOSAR
Adaptive
Architecture
\- /
Import ARXML

SW-C.
Description

J-M
dvSOoLNY

Import ARXML

Export ARXML

" Simulink,

AUTOSAR Blockset
_: .

D

BN}

Embedded
Coder

MATLAB E.

Application SW
C++ Code

]

35
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AUTOSAR Adaptive in action

- Create model from ARXML

FP- -

e e e )

@ Configuration P; 1 e/Configuration (Active) - O X
|Q Search

Solver Generate XML file for schema version: |00046 (R18-10)

a:‘; 22°m;s Maximum SHORT-NAME length: [128
| » Diagnostics XCP Slave Configuration 00048 (R19-11)

Hardware Implementation
Model Referencing
Simulation Target
¥ Code Generation
Optimization
Report
Comments
Identifiers
Custom Code
Interface
Code Style
Verification
Templates
Code Placement
Data Type Replacement

Coverage
» HDL Code Generation

Transport layer: |None

L Insert fr il - E

P GoTov Comment . i ) &
bl Breakpoints

Q Find ¥ Indent (5] o3 [ -

NAVIGATE EDIT BREAKPOINTS

}mosar_uneﬁuidancumml x

,lbl

<?xml version="1.0" encoding="UTF-8"2>
<t
Ruto generated XML Component Description for model autosar_LaneGuidance

1
2

Iimport_SWC.m x 3

+ 4 Model version : 1.224

s Simulink Coder version : Simulink Coder 9.2 (R2015b) 23-May-2019
6 XML source code generated on : Wed Jul 24 16:11:51 2019
7 Model Checksum : 3376303272 3457889089 3078584661 1517304406
8 -->
9 <AUTOSAR xmlns="http://autosar.org/schema/r4.0" xmlns:xsi="http://www.w3.org 1/XMLSchema-instance” xsi:schemalocation="http:/,
10 <AR-PACKAGES>
11 <AR-PACKAGE>
12 <SHORT-NAME>LaneGuidance_pkg</SHORT-NAME>
13 <AR-PACKAGES>
14 <AR-PACKAGE>
15 <SHOR'I'-—NAHE>LaneGuxdmce_:uc(/SHORT—M)
16 <ELEMENTS>
17 <ADAPTIVE-APPLICATION-SW-COMPONENT-TYPE UUID="6574ed24-7dad-53cc-e7ac-01£60699£406">
18 <SHORT-NAME>LaneGuidance</SHORT-NAME>
19 <PORTS>
20 <R-PORT-PROTOTYPE UUID="aSadc3c3-bbbl-575e-fbcé-0fcf8164£622">
21 <SHORT-NAME>RequiredPort</SHORT-NAME>
22 I <REQUIRED-COM-SPECS>
23 <QUEUED-RECEIVER-COM-SPEC>
24 <DATA-ELEMENT-REF DEST='VRRIRBLE-DATR-PROTOTYPE">/LaneGuidance_pkq/L!neGuidunce_if/lll
25 <HANDLE-OUT-OF-RANGE >NONE </HANDLE ~OUT-OF -RANGE>
26 <USES-END-TO-END-PROTECTION>false</USES-END-TO-END-PROTECTION>
27 <QUEUE-LENGTH>1</QUEUE-LENGTH> &

[UTF-8 [ XMLHTML source file [tn 1 Col 1

SIMULATION

3 Open = el Stop Time -
a8 al = SoeTme 10 4 @ B - %
o Hsave ~ ey Signal = | [ Normal - | =% Sep Data Logic Bird's-Eye
~ @ Print Browser | Table g Fast Restart Back v = Forward Inspector  Analyzer Scope
FILE LIBRARY SIMULATE REVIEW RESULTS =
L laneGuidance s}
@ |[*a]LaneGuidance -
- S
03 RauredPon eACaringsoot
- = —te R
= Recuisecon whLansDutarce
- ot T R
@) [T pers— .
. ——
oy e e
RequrodPon mLsmeDisance
e s e
RaquredPon rgnTumindicats
]
»
Ready 80%. FixedStepDiscrete
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AUTOSAR Adaptive in action

Configure Service Discovery

Subscribe to adaptive services
— Only at startup, or

— Dynamically, as they become
available

MATLAB EX

|==| AUTOSAR Dictionary: autosar_LaneGuidance

v [E AUTOSAR
v [ AdaptiveApplications
v L LaneGuidance
@ RequiredPorts
95 ProvidedPorts
> @ Service Interfaces
@ XML Options

Name Interface

¢ RequiredPort Requiredinterface

Manifest attributes
Instance Specifier: RequiredPort

Instance Identifier: \

Service discovery

= [m]

Filter Contents

X

Service Discovery Mode: |DynamicDiscovery
OneTime
DynamicDiscovery

39



MATLAB EXF

AUTOSAR Adaptive in action

¥ autosar_LaneGuidance - Simulink — O X

SIMULATION MODELING FORMAT AUTOSAR

. i @ TBE
@ X/ @ E} Code for =l % v °¢
AUTOSAR Quick C/C++ Code  Settings Code autosar_LaneGuidance Generate View T Share
Adaptive ¥ Start Advisor ¥ > Interface ¥ Code ¥ Code =
OUTPUT ASSISTANCE PREPARE GENERATE CODE RESULTS SHARE
autosar_LaneGuidance =
@

[ ] Evtin SigOut LeftLaneDistance

leftLaneDistance

Event Receive

Jopadsur Ayadosd  apopy |1

Evtin - SigOut Leftharindicator leftHazardIndicator »iSigh  Evtout )
leftTurnindicator

- leftHazardIndicator
Event Receive1

Event Send

Evtin SigOut P LeftCarlr
leftCarInBlindSpot

Event Receive2

win - Sigoutf— L
e B s gl AUTOSAR Validation — X

Event Receive3

- Verify AUTOSAR properties

O EES

Evtin SigOut —

o= e
rightTumindicator Validation succeeded v

R et .

Evtin SigOut —

rightCarinBlindSpot

Event Recaives LaneGuidanceAlgorithm

v @ E

g Copyright 2018 The MathWorks, Inc.

Code Mappings - AUTOSAR SW Component (Adaptive) 91 x
Inports Outports

Bl[v]
"

{Validate Code Mappings Port Event
|O» leftLaneDistance RequiredPort LeftLaneDistance
|©» leftTurnIndicator RequiredPort LeftTurnIndicator
O» rightLaneDistance RequiredPort RightLaneDistance
O rightTurnIndicator RequiredPort RightTurnIndicator
o leftCarInBlindSpot RequiredPort LeftCarInBlindSpot
(=3 rightCarInBlindSpot RequiredPort RightCarInBlindSpot

Ready 95% FixedStepAuto




AUTOSAR Adaptive in action

Generate code

MATLAB BEXIPPO

@ Configuration Parameters: autosar_LaneGuidance/Configuration (Active)

Q, Search

Solver Target selection
Data Import/Export
Math and Data Types
» Diagnostics Language: C++
Hardware Implementation

System target file: |autosar_adaptive.tic

Description: AUTOSAR Adaptive i
Model Referencing
Simulation Target Build process
¥ Code Generation
Optimization Generate code only
Report [_| Package code and artifacts
Comments Toolchain settings
Identifiers
Custom Code Toolchain: AUTOSAR Adaptive | CMake
Interface
Code Style Build configuration: Faster Builds
Verification
» Toolchain details
Templates

Code Placement
Data Type Replacement
AUTOSAR Code Gener...

Coverage - Prioritized objectives: Unspecified

Code generation objectives

Zip file name: mApp.zip

Set Objectives...

Cancel

Browse...

Help

-

Apply

42



AUTOSAR Adaptive in action

Generate code

@ ¥ © & U ww

MATLAB EXP

E Open Report  + <:

AUTOSAR Quick C/C++ Code Settings Code | autosar_LaneGuidance

Generate View 3% Remove Highlighting = Share

Adaptive v Start Advisor v - Interface v Code v Code e
OUTPUT | ASSISTANCE PREPARE GENERATE CODE RESULTS SHARE ry
&3 . |, autosar_LaneGuidance gz | Code ¢ x
© |[Pa]autosar_LaneGuidance » v autosar_LaneGuidance.cpp v Q Search
— /I "<59>/IfActionss3’
' " *<59>/IfActionsss’
o H o L] 25 //  '<59>/IfActionsss’ i
> e J N @
= *J,‘ ll'" ot oy Cll - 27  void autosar_LaneGuidancemodelClass::autosar_LaneGuidance_IfActionss(real_T -
e e e rtu_Ini, real T *rty_outl)
o | — 208 {
(WS, Py S :
3 // Inport: '<s1@>/Inm1’
D= ) = 31| et zom = rtu_tn1;
P, frour M| - ¥ = roLAs
2}
o o ot o
vou
- T == .
34 void autosar_LaneGuidanceModelClass::RequiredPortLeftLaneDistanceReceive(ara::
fer s ]er
(@ (SR, - sy | S com: :SamplePtr< company::chassis::required::proxy::events::LeftLaneDistance::
T 3¢ SampleType const > samplePtr)
e 2 ¢
» i‘ 8 // Receive: '«<S1>/Message Receive
- 39 autosar_LaneGuidance_B.MessageReceive = *samplePtr;
Code Mappings - AUTOSAR SW Component (Adaptive) Q" x }
X . 42 void autosar_LaneGuidancemodelClass: :RequiredPortLeftTurnIndicatorreceive(ara::
43 com: :SamplePtr< company::chassis::required::proxy::events::LeftTurnIndicator::
44 SampleType const > samplePtr)
Source Port Event Lo ]
O RequiredPort_leftLaneDistance RequiredPort LeftLaneDistance L // Receive: '<S3>/Message Receive
O RequiredPort_leftTurnindicator quired! LeftTurnindicator & o o B - Ln 27 Col 64

Ready

View diagnostics 62% auto(FixedStepDiscrete)
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AUTOSAR Adaptive in action

[ ]
SIMULATION
ey =
C3] &/ @) o S =) B St <
AUTOSAR Quick C/C++ Code Settings Code ‘ autosar_LaneGuidance Generate View 3% Remove Highlighting = Share
Adaptive v Start Advisor v St Interface v Code v Code ¥
OUTPUT | ASSISTANCE PREPARE GENERATE CODE RESULTS SHARE ry
@ ., | autosar_LaneGuidance = | Code *x
L4 ® autosar_LaneGuidance » w autosar_LaneGuidance.cpp v Q Search
o 1/ ‘<59>/1fActionss3’
1 *<59>/IfActionsss’
o g L /. '<59>/TfActi 3
o <59>/1fActionsss
e " autosar_LaneGuidance.cpp v Q Search
= e N 2 ll“ - o ‘an) 27 void autosar_LaneGuidancemodelClassiiauly , 4 files %
= SR e e Tt rtu_Inl, real T *rty_out1) g J;{ —-L Guid
= o = s autosar_LaneGuigance.c
IO gy sl | C . = P
E] i | 1 // Inport: '<s1@>/In1’
° O [——— :,M.u....... i | - 3 *rty_out1l = rtu_Ini;
= o o o1 o = 7 )
CRRS, — Semwmrel i | | p——r . A— £
- K o 4 void autosar_LaneGuidanceModelClass::Ret |y
(@ [—— ,.f.._m..,g.., g SR | com: :SamplePtr< company::chassis::requ
o SampleType const > samplePtr) . v )
H e 7B ( autosar_LaneGuidance_ExecutionManifest.arxml|
» ||S& /1 Receive: *<si>/Message Receive autosar_LaneGuidance_ServicelnstanceManifest. arxml
— EJ 39 autosar_LaneGuidance_B.MessageReceive _ r filos
- Generate code S " B e
A1 MainUtils.hpp
Jopoets Ocpeuts 42 void autosar_LaneGuidanceModelClass::Re( Other files :
43 com: :SamplePtr< company::chassis::req: X
44 SampleType const > samplePtr) main.cpp I
Source Port Event A 58 { iles
> RequiredPort_leftLaneDistance RequiredPort LeftLaneDistance - //.Recei?-e: :<?%>/msfa§e Receive'- impl_type_double.h
© RequiredPort_leftTurnindicator RequiredPort LeftTurnindicator v provmedinterface_common.h
Resdy View diagnostics providedinterface_skeleton.h

requiredinterface_common.h
requiredinterface_proxy.h

Integrate Applications with third
party Adaptive stack
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Poll Question #2

Are you working on AUTOSAR Adaptive applications? (Check all that apply)

Yes, I'm working on a production or prototyping project

Yes, I'm using Model-Based Design for AUTOSAR Adaptive
Yes, I'm writing C++ code for AUTOSAR Adaptive

No, but I'm going to work on AUTOSAR Adaptive in near future
No, I'm not planning to work on AUTOSAR Adaptive
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Data Distribution Services (DDS)

W

Data Distribution Services (DDS) uses
SOA methodology, and directly addresses
publish and subscribe communications for
real-time and embedded systems.

DDS addresses the needs of applications
that require real-time data exchange in
industries like aerospace and defense,
automotive, and robotics.

DDS Blockset

Design and simulate DDS applications

§ Request a trial

il

Simulation of Positioning System Using DDS

&




MATLAB BEXIPPO

How does DDS Blockset Work?

Conceptual DDS Blockset Workflow

Start with a
DDS network Create DDS

Deploy
Applications to
DDS Network

Configure DDS

and the DDS definitions interface

definitions

Global Data Space Global Data Space Global Data Space

ataWriter @DataReader DDS Interface
DataWriter DataReader iatiwn ter inatiahader
>

49



MATLAB BEXIPPO

de an input port for a subsystem or model.
by

User Workflow with Ul Steps

iggered Subsystens, Latch Input by delaying outsice sigaal
unction-Call Subeystems, g On'the "Lakch Input. for feedbc
s of 1 by stem oulputs’ grevents the ngut value
=25 e stem from changing Guring s
- _ e specty
e o Signal Atrbutes
o “put function call
- un:
!

I Generate

Simulink
Data D —
Dictionary
- IDL/XML
Create Pt contartz @ +
e Deploy Vendor
v Suppoﬂ
Interface definitions
QoS definitions DDS Databus
(XML)
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DDS Blockset in action

Import DDS definitions from XML or create
new Definitions

T el - |
| |

Set Application

Select a dictionary with DDS definitions.

(C) Use existing dictionary
() Import from XML

() Create and use default dictionary

Back

What to consider

Associate 3 dictionary with DDS properties to your
modeled application. The dictionary enables you to
configure the DDS aspects of your apphication. You can
associate an existing dictionary, import DDS XML file(s) 1o
create and associate 3 new dicbonary, or create and

associate a default dictionary

About the selected option

Imports 3 default XML file and creates 3 dictionary for

your model

Help Next
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DDS Blockset in action

Define/Modify DDS definitions in DDS
Dictionary

— Topic Types
— Domains
— QoS

[ &

DDS LIBRARIES

(=]
Library

FILE CREATE ADD
Types Domains Qos

fr—l} DDS Libraries: ShapesApp.sidd

@ B U ®

EDIT

Domain  Topic | Duplicate Delete  Help

HELP

Filter contents

Details s |

D in: ShapesDomain

N ShapesDomainLibrary
v & ShapesDomain
(= Circle
@ Squarel

(=2 Triangle1

ShapeTypel
ShapeTypel
ShapeType1

@

C? ShapeTypel ShapeTypel
=)

(= Circle ShapeTypel
(= square1 ShapeTypel
(=2 Triangle1 ShapeTypel
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DDS Blockset in action

Model applications

Use DDS Blocks to model a Publisher or

Subscriber

¥y shapesdemo - Simulink prerelease use - [m] X
SIMULATION MODELING FORMAT
L JoOpen = I sy Stop Time | 10.0 -
r Hove - Hi o » o @ &/ > A
New ave Library Signal L Cino N Step Run Step t Data T
~ 4 Print - Browser Table @@ Fast Restart Back ~ - Forward Inspector
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS
5 | shapesdemo =
é @ ["a]shapesdemo ¥ -
:a
£
— Subscribe Compute Logic Publish
=]
=
O
@ Ingut Output E
DataReader DDS DDs DataWriter
Logic
This will create a shape that is lagging by “Distance” of size “MyShapeSize®
] Copyright 2020 The MathWorks, Inc.
-]
« 4
Ready 100% auto(FixedStepDiscrete)
. é?mulink Library Browser = O X
<& o [ limit vig vy @ = @
DDS Blockset
> Simulink
> Aerospace Blockset 3 @ 5 @ >
> AUTOSAR Blockset DDS DDS
DDS Blockset _
. Take DDS Sample  Write DDS Sample
> Deep Learning Toolbox
Embedded Coder
Fixed-Point Designer

Jmpoadsu Asadosd b
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Simulate DDS models including QoS

Use Simulink to model and simulation Quality of
Services (QoS) policies including history to
verify the runtime behavior.

MATLAB EX

Py ex_positioningsystem * - Simulink

SIMULATION DEBUG MODELING

Code Mappings - DDS

g 3 0 Trace Signal B Pause Time| (- i StopTime [100 . T
% L;“a =3 o ; Animation speed %.&.‘i T QQ & it~
- i el Nor -
T e i s i + ] Update (Norma Step Run Step
Advisor = - Overlays »  Output Values 0] & ~ [ Breakpoints List = | Model > @ Fast Restart Back~ v  Foward
PERFORMANCE DIAGNOSTICS TOOLS BREAKPOINTS EVENT ANIMATION COMPILE SIMULATE =
5 ex_positioningsystem g
§ @ *alex_positioningsystem P -
2 3
§ @ . - ey . . 3
Simulation of Positioning System Using DDS 2
F AN+ ]
5 2
3 = - g
B ——
5 H
g
5]
| 1 ex
ex_acceleromalter
D1
AccelWriter e
Topic: Accel
aldis
Sensor 1: Acceleromeler I
3 ssRe:
ex_gps
D3 Estimation Result Display
Topic: GPSPos.
Sensor 2: GPS
Positi
_—
-
|
~ - w . E w
£ DDS Samples: GPSPos DDS Samples: EstPos
« = Copyright 2020 The MathWorks, Inc.
= 11
@4 x
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Generate DDS executables and deploy on
a DDS network

MATLAB E:

bool writewithWriter({const PosType* data, std::string participantName, std::string wi
DDS_DataWriter* writer = getwriter(writerName, participantName);
PosTypeDatawriter* foowriter = PosTypeDatawWriter_narrow(writer);
if(!foowriter) {
return false;
}
const DDS_ReturnCode_t ret = PosTypeDataWwriter_write((PosTypeDataWwriter*)writer,
return (ret == DDS_ReturnCode_t::DDS_RETCODE_OK);
¥
bool createParticipant(std::string participantname) {
if (participants.find(participantName) == participants.end()) {
DDS_DomainParticipant® participant =
DDS_DomainParticipantFactory_create_participant_from_config(
DDS_TheParticipantfactery, participantName.c_str());
if(lparticipant) {
return false;
¥
participants[participantName] = participant;
¥
return true;

1

With Embedded coder, generate
— C++ production code with DDS APIs

— XML or IDL files from Simulink models to
deploy
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Generate DDS executables and deploy on
a DDS network

MATLAB

DDS Application Quick Start — m} X

Set Application

What to consider

Configure DDS Application properties Specify the name of your DDS application and
the vendor it uses to connect to the DDS
i network

Application name: DDS_LaneGuidance
Vendor: | eProsima -

eProsima

RTI Connext 6.0

Help Next

Full integration with third-party DDS stacks
including RTI Connext and eProsima Fast DDS
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Poll Question #3

Are you working on DDS based applications? (Check all that apply)

Yes, I'm working on a production or prototyping project

Yes, | am generating C code from Simulink model configured for DDS
Yes, | am generating C++ code from Simulink model configured for DDS
No, but I'm going to work on DDS in near future

No, I'm not planning to use DDS

MATI
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Conclusions and Key takeaways

« Automotive E/E and SW architecture are evolving, pushed by need for
advanced, complex functions

= New, service-oriented architectures are required to master complexity
and enable frequent updates

= You can design, simulate and generate code to deploy service-oriented
applications in Simulink

= You can reuse your existing expertise and models to mitigate the risk of
migration to SOA applications
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To learn more, visit the SOA, AUTOSAR & DDS Blockset pages

Model service-oriented architectures (SOA) in Simulink

Service-oriented architecture (SOA) is a software architecture based on the concept that a system consists of a set of services
in which one service may use another, and applications use one or more of the services based on their need. SOA promotes a
loosely coupled component-based approach using middleware for service-oriented communication.

SOA is used in multiple industry standards, including:

AUTOSAR: Engineers in the automotive industry have been increasingly using SOA when designing systems for highly
autonomous driving applications. The AUTOSAR Adaptive Platform was developed by the AUTOSAR organization and is
based on SOA. The AUTOSAR Adaptive Platform provides flexibility and scalability in processing distribution and compute
resource allocations. Therefore, you can securely update and upgrade adaptive ECU software even after its release

ROS: Many robotics applications use Robot Operating System (ROS), a robotics middleware that follows SOA methodology.
It serves as a framework for communication between the components necessary to run the software

DDS: Data Distribution Services (DDS) uses SOA methodology, and directly addresses publish and subscribe
communications for real-time and embedded systems, DDS addresses the needs of applications that require real-time data
exchange in industries like aerospace and defense, automotive, and robotics.

You can use Simulink to model and simulate software based on SOA that runs in different applications.

Free Power Electronics
Control Design white paper

Hardware-in-the-Loop Testing for Power
Electronics Control Design

Download now

it desrgn softmare once. deploy 10 meny tergets

- > ]
o —
- 4
=1=] e
|
Model Service-oriented Architectures in
Simulink

.
¥ = APP_Parcent_Valus)
; global

del Software Services with

www.mathworks.com/discovery/soa.html

AUTOSAR Blockset
Design and Simulate AUTOSAR Software
8 Download a free trial |

AUTOSAR Blockset provides an AUTOSAR dictionary and blocks for developing Classic and Adaptive
AUTOSAR software using Simulink® models. You can define AUTOSAR software component properties,
mulink models using the AUTOSAR editor
Alternatively, the blockset provides an application interface that lets yau automatically generate new
simulink models for AUTOSAR by importing software component and composition descriptions from
AUTOSAR XML files

interfaces, and datatypes, and map them to exi

AUTOSAR Blockset provides blocks and constructs for AUTOSAR library routines and Basic Software
(BSW) services, including NVRAM and Diagnostics. By simulating the BSW services together with your
re model, you can verify your AUTOSAR ECU software without leaving Simulink

application so

AUTOSAR Blockset supports C and C++ production code generation and AUTOSAR XML file export (with
Embedded Coder®). It is qualified for use with the ISO 26262 standard (with IEC Certification Kit)

DDS Blockset

Design and simulate DDS applications

§ Request a trial

DDS Blockset provides apps and blocks for modeling and simulating
software applications that publish or subscribe to Data Distribution
Service (DDS) middleware. The blockset includes a DDS dictionary that
lets you manage, create, and edit your DDS definitions in Simulink®. You
can import DDS specifications as XML files to create a skeleton Simulink
model as a starting point for developing algorithms for DDS applications.

DDS Blockset provides blocks for publishing and subscribing samples to
DDS, including their corresponding Quality of Service (QoS.). It fully

www.mathworks.com/products/dds.ntml 59
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A model-based design
approach applied on a driver
monitoring system

The Evolution of E/E Architecture and the Impact on Future Software Development
Using Vector AUTOSAR Basic Software and DaVinci Tools in Combination with MathWorks MATLAB Simulink

Thomas Kleinhenz - Elektrobit Automotive - Developing a Francisco Gonzalez - Vector Informatik - Developing a
Driver Monitoring System Using Model-Based Design Driver Monitoring System Using Model-Based Design g0



Get In touch!

Please, reach out to us! We’'ll be happy to work with you and embrace your
SOA project together.

Poll - Are you interested in more information?
a. Yes, | have some questions and would like to talk
b. Yes, | would like to schedule follow up session on this topic with my team
c. Not at this time

MATI
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