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AUTOSAR Classic is already on the road

\“I'l N

- BMW - Model-Based Software Development:
And OEM's Perspective

- FECA Global Powertrain Controls - Leveraging
MBD, auto-code generation and AUTOSAR to
architect and implement an Engine Control
Application for series production

« LG Chem - Developing AUTOSAR and ISO
26262 Compliant Software for a Hybrid Venhicle
Battery Management System with Model-Based
Design

= John Deere - Vertical AUTOSAR System
Development at John Deere



https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/company/events/conferences/automotive-conference-stuttgart/2015/proceedings/model-based-software-development-an-oems-perspective.pdf
https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/images/events/matlabexpo/it/2018/leveraging-model-based-design-auto-code-generation-and-autosar-to-architect-and-implement-an-engine-control-application-for-series-production.pdf
https://www.mathworks.com/company/newsletters/articles/developing-autosar-compliant-software-for-a-hybrid-vehicle-battery-management-system-with-model-based-design.html
https://www.mathworks.com/videos/vertical-autosar-system-development-at-john-deere-1527488063826.html
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Motivation for AUTOSAR Adaptive

= Main drivers — Automated driving, Car-2-car/infrastructure applications
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‘ MathWorks

Non - AUTOSAR

Classic - AUTOSAR

= Adaptive - AUTOSAR
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Agenda

Simulink for AUTOSAR
— Importing and exporting AUTOSAR descriptions artifacts (ARXML files)
— Simulation of AUTOSAR ECU software
— Blocks for AUTOSAR Library routines
— Scaling from software components to compositions
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Intuitive and Powerful AUTOSAR Software Design in Simulink

Classic Platform

Basic Software
and
Routine Libraries

e o o o o o e e o e e .

~

|

Adaptive Platform

O - . - S S S e e e . e

e o o o e e e e e e e o

~
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Importing and Exporting AUTOSAR SW-C Descriptions (ARXML files)

Export ARXML

-

-

SW-C
Description

AUTOSAR
SW-C

AUTOSAR
ARCHITECTURE

|

Import/Update

-

.

SW-C
Description

AUTOSAR
SW-C

Import/Update SIL/PIL Test

Export ARXML

11
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It Is easy to get started from an AUTOSAR description (Import)

[ sw-C A

Description

AUTOSAR Import/Update 1. Import SW-C description (arxml) &

create Simulink model

h = arxml.importer (‘mySWC.arxml”)
h.createComponentAsModel (‘/path/mySWC’)

R

2. Elaborate SW-C Design, implement &
generate code from model

12



It Is also easy & quick to configure a Simulink model for

AUTOSAR

AUTOSAR Component Quick Start

Set Component > Set Interfaces

Select the input for creating interface properties.

® Create defaults based on the Simulink model

Import from ARXML

Back

What to consider

AUTOSAR Component Quick Start creates AUTOSAR interface
properties by applying defaults to a Simulink model or
importing AUTOSAR XML (arxml) element definitions.

About the selected option

Creates default AUTOSAR interface properties based en the
Simulink model

Help ‘ ‘ Next

Start with a Simulink model

Click the AUTOSAR Component
Quick Start App @

AUTOSAR SW-C

v

\
QUTPUT j

Elaborate SW-C Design, implement
&
generate code from model

4\ MathWorks
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Example of Configuring a model for AUTOSAR

REVIEW RESULTS

LIMIT

E uint8 uint8
INC +
+ / sum_out

uint8

X| n|=

¢ ¢ uint8

#

equal_to_count boolean

RESET
uint8
\A 4 i boolea

». .
=" L int32 In

uint8

1)

Out

int32 :

switch_out Amplifier

Copyright 1994-2017 The MathWorks, Inc.

302%

FixedStepDiscrete

=

Jopadsu Adord

&\ MathWorks
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Now we can focus on modeling

([ SW-C

Description

AUTOSAR
SW-C

([ sW-C

Description

AUTOSAR
SW-C

\

Import/Update

Export ARXML

4\ MathWorks

Start with a Simulink model
(or import SW-C description)

Elaborate SW-C design, implement &
generate code from model

16
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AUTOSAR SW-C design in Simulink

o7

TR,

3

i

L

NI

1)

2)

3)

What blocks in this model need to be configured
for AUTOSAR?

How do | change my AUTOSAR properties
In the model?

Where do | get more information/help?

17
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Introducing AUTOSAR “perspective” in a Simulink model R2018a

File Edit View Display Diagram Simulation Analysis Code Tools Help
: Embedded Coder Quick Help & X|  rtwdemo_autosar_swc_slfons Property Inspector b4
Quick 5 Property
I Getting Started with @ i Inports: Subval
He P AUTOSAR Code o Q) inita CBrror Onta] = reeibatal) Ins pector
Generation o _, — Source Subval

sii Run Embedded Coder E Initialize_Function W CDI:'E ] .

Help on B " Gk st . DataAccessMode  ImpiicitReceive | \/j@W/Edit
. . curValIRY Port RPort
configuring L . N — Element Subval AUTOSAR
niigure tomponen Trigger_1s v Communication attributes :
T RE]] -
model for Component modeing & : = 1 aveTimeant |60 SW-C Properties
AU TO SAR ] SubVal [ HandleMeverRec... false
@ &5 pr— : S 5 InitValue 0
Map Ports Override Dataout
: -5} 551
Sender-receiver poris
» [[] |
Client-server ports Code Mappings - AUTOSAR @ x
Inports  Qutports  Entry-Point Functions Data Transfers Functio® B
Map Internal Behavior
’ | Filter contents |
Runnables .
Source DataAccessMode | Port Element
Inter-runnable variables = SubVal ImplicitReceive RPort SubVal
= Qverride ImplicitReceive RPort Override
Configure Model-Wide v < >

Code Mappings Spreadsheet
View/Edit all blocks and elements configured for AUTOSAR
18
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Functional simulation of AUTOSAR basic software is critical
for AUTOSAR ECU development

AUTOSAR ECU
layered architecture

——————————————

Basic Software

@=0
T &
0«~0

______________

e o o o o o e e o e e .

~

v

@0
- -

i

Many calls between application software and basic
software

Basic software functionality is highly dynamic

&\ MathWorks

Simulation of basic software reduces development

time and improves software quality

19



Basic software library makes functional simulation of
AUTOSAR basic software as easy as pressing the play
button

AUTCEOSAR

Document Title

Document Owner

Document Responsibility

Specification of Diagnostic Event
anager

AUTOSAR

AUTOSAR

Document Identification No 019

Document Classification Standard
Document Status Final
Part of AUTOSAR Release 422

Document Change History

Release | Changed by Description
«» New APls Dem_GetEventFreezeFrameDataEx and
Dem_GetEventExtendedDataRecordEx with
buffersize as parameter and corrected return value
defintions.
AUTOSAR « Providing OBD FreezFrame for UDS service 0x19
422 Release 0x05 ) )
Management » SO 14229-1:2013[1] NRC handling for service
ox14
« Refined service interfaces for DataElements
« minor corrections / clarifications / editorial changes;
For details please refer to the
ChangeDocumentation
AUTOSAR « Support of ISO 27145 (WWH-OBD / Euro VI)[2]
421 Release « Update fo support ISO 14229-1:2013[3]
Management « Introduction of event dependencies
« Refined DTC/Event suppression
AUTOSAR « Further clarification of event combination
4.1.3 Release « Clarification of DTC groups
Management | Editorial changes
AUTOSAR « Added API table for service interfaces
412 Release « Clarification of event combination
Management « Editorial changes
« Removed chapter(s) on change documentation

Detailed Specifications

Encapsulated in

Get Status

;

Emr

RTE

Set Status

e

:

Get Index

Err>

Set Protection
Err}

A

Diagnostic Service Component

RTE

NVREAM Service Component

R2017b

Basic Software Library

4\ MathWorks
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It’s easy to configure and play!

4\ MathWorks

SIMULATION DEBUG MODELING FORMAT
J eV " W ‘e An - a e
& = ¥ 4 w "3 5 i3 -
Get Model Control System Embedded Fixed Pont Simulink Hardware Frequency Control System Simulink AUTOSAR
Add-Ons v Linearizer Designer Coder Designer Test Board Response Tuner Coder
ENVIRONMENT APPS =
autosar_bsw_simulation
® @ ‘ﬁ‘autosagbsw“snmulation » x
- / N
¥ autosar_bsw_sensor Copyright 2017-2018 The MathWorks, Inc.
=5
P»|RawADC Percent
5|
=) N N 4 autosar_bsw_monitor N
R
O] Sensor1 Sensor1_Percent
data1 Percentb———» C]
S1LowSetPoint_ReadBlock
data2 S1StuckHigh_SetEventStatus —— P Sensor2_Percent Percent
S1StuckLow_SetEventStatus g 5
Raw sensor data Monit
onitor
pr: autosar_bsw_sensor2 N
TPS1StuckHigh_GetEventFailed
P RawADC Percent TPS1StuckLow_GetEventFailed
TPS2StuckHigh_GetEventFailed
TPS2StuckLow_GetEventFailed
N / TPS_SetEventStatus
Sensor2
) S2LowSetPoint_ReadBlock
- % S2StuckHigh_SetEventStatus
[_!_-\ S2StuckLow_SetEventStatus
»
Ready 143% VariableStepAuto 21
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AUTOSAR Library Routines x
Curve 2
Perform one-dimensional interpolated table lookup,
including index searches. The table is a sampled
T D ~ - X representation of a function. Breakpoint sets relate
i A ety Brewser the input values to positions in the table.
< LA A
When the AUTOSAR 4.0 code replacement library
AUTOSAR Blockset/Classic Platform/Library Routines/Interpolation (CRL) is selected for the model, code generated
- - from this block is replaced with the AUTOSAR library
Simulink n-D T(u) n-D T(k,f) routine indicated below.
v AUTOSﬁfR Blockset 1 1-D T(u) Targeted Routine Library:
Adaptive Platform ) > ) D O IFX (fixed-point) @® IFL (floating-point)
v Classic Platform G )y—» (1) ; e .
¥ Basic Software AUTESAR ALITGSAR Targeted Routine: Ifl_IntIpoCur
. . N AUTOSAR
Diagnostic Event Manager Curve Curve Using Prelookup i IntpoGur Table Specification ~ Algorithm
NVRAM Manager (NvM) "D T DTk £ \ ication: |TookUD Bbie obi
v Library Routines > ul > kfl ’ Data Specification: |Lookup table object
Interpolation N N Name: |L_4_single
e bsi:?gaé EOLétlng u2 kf2 Edit table and breakpoints... .
mbedde oder y 5
AUTTGSAR Aqu'a SAR Cancel Help Apply
Map Map Using Prelookup
u
Y e D |
f Rte IWrite Runnable Step Outl Outl (Ifl IntIpoCur f32 f32
AuTGEAR (Rte IRead Runnable Step Inl Inl (), Rte CData L 4 single()->Nx,
Prelookup Rte CData L 4 single()->Bpl, Rte CData L 4 single()->Table));

22



———————————————————————— 4\ MathWorks
Scaling from software components to compositions

Application Software
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Agenda

Simulink for Adaptive Platform

— Acloser look at the Adaptive layers

— Motivation for Simulink to support Adaptive
— Mapping Adaptive platform to Simulink

— Code Generation for Adaptive components

24



AUTOSAR Layered Software Architecture

_____________________________________________________________________________________________________

Adaptive
Application
(SW-C)

Adaptive
Application
(SW-C)

Adaptive
Application
(SW-C)

Adaptive
Application
(SW-C)

AUTOSAR Run-time for Adaptive (ARA

Service

Service

Adaptive AUTOSAR Services

Components

Basic
Services

Hardware

4\ MathWorks
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Key Concept #1

Everything is a process .. as in “OS process”

Provides
multi-process
capability

r—--—

OS Process #1

Adaptive
Application
(SW-C)

API

(ON
(POSIX
Compliant)

OS Process #2

Adaptive
Application
(SW-C)

API

Execution

API

Communication

OS Process #3

Adaptive
Application
(SW-C)

Notes: Each OS Process

Corresponds to main() in C/C++ code
Has own memory space & namespace
Can be single or multi-threaded

OS Process #4

Adaptive
Application
(SW-C)

———

&\ MathWorks
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Key Concept #1
Everything is a process .. as in “OS process”

P———

Provides
multi-process
capability

OS Process #1

Adaptive
Application
(SW-C)

OS Process #2

Adaptive
Application
(SW-C)

Process scheduling ]

OS Process #3

Adaptive
Application
(SW-C)

OS Process #4

Adaptive
Application
(SW-C)

Inter-Process

Communication

J

Process life-cycle ]
management.

________________

4\ MathWorks
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Key Concept #2
Service-oriented inter-process communication

7 IPC

Linux Machine 1

IPC\,

4\ MathWorks

Linux Machine 2

7 IPC

ThrottlePositionSensor
D D1[0.005]

M TPS_HwlO_Value

TPS_Percent_Value |

ThrottlePositionSensor
D D1[0.005]

M TPS_HwlO_Value

TPS_Percent_Value |

TPS_Secondary

- Process

TPS_Primary

- Process

ThrottlePositionMonitor
M D1[0.005)

AccelerationPedalPosiionSensaor
< D1[0.005)

M TPS_Seconday Walue

M TPS_Primary_Value

TP5_Percent_Value

APP_HwlQ_Value APP_Percant_Value

Monitor

Process

IPC

APPSnsr

Process

/7 IPC

o p1pe.ong)

Controller

¥ TPS_Percent_Valus

# APP_Percent_Walus

ThrCmd_Percant_Value

Controller

- Process

ThrotlePositionActuator
»cD D[0.005]

¥ ThrCmd_Percent Value ThrCmd HwlO Value

Actuator

Process

28




Key Concept #2
Service-oriented communication

Service Interface can contain

— Methods (Functions)

— Events (Messages)

— Fields (Data)

4\ MathWorks

<<interface example>>
RadarService

result = Calibrate(config)
[success, out pos] = Adjust(in pos)
BrakeEvent

UpdateRate

29
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Key Concept #3: Everything is C++

ASW::XYZ

Adaptive Application ASW::ABC

Adaptive Application Adaptive Application Adaptive Application

User Applications

ara::com
Communication Mgnt.

SOME/IP

ara:.core
Core Types

ara::.rest
RESTful

ara::.per
Persistency

ara:.exec
Execution Mgnt.

POSIX PSE51 / C++ STL
Operating System

ara::tsync
Time Synchronization

ara::phm
Platform Health Mgnt.

ara::iam
Identity Access Mgnt.

ara::log
Logging & Tracing

ara::crypto
Cryptography

High Performance Hardware/Virtual Machine

Non-PF Service

ara::sm service ara::diag service

State Diagnostics
Management

ara::s2s service
Signal to Service Mapping

ara::nm service
Network
Management

ara::ucm service
Update and Configuration Management

Non-PF Service

30
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Adaptive Platform Roadmap

AP AP AP
18-03 18-10 19-03

2019 ‘

2018 2020

Maturity level

Source - 111" AUTOSAR Open Conference (www.autosar.org) 31



Motivation for Simulink to support Adaptive

= Simulink is heavily used for AUTOSAR Classic

= Customers have requested Simulink support for
Adaptive platform

«  Simulink supports service oriented modelling
- Embedded Coder generates C and C++ code

- MathWorks participates in the AUTOSAR standard
development, including both Classic and Adaptive
platforms

&\ MathWorks

Runnable_Initialize

curvalIRvV

32



Adaptive SW Architecture Concepts

RequiredPort Adaptive ProvidedPort
Application
v :
Service Interface| "radar" = {
// events
"event" : {
“brakeEvent"

"parkingBrakeEvent"
}I
// methods
"method" : {
"Calibrate"
"Adjust"
}I
// fields
"field"™ : {
“updateRate"
}

‘\ MathWorks:

33



Mapping AUTOSAR AP Concepts to Simulink

Adaptive

Application

RequiredPort

\"
"Radar" : {
cevents

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

5

// methods

"method" : {
"Calibrate"
"Adjust"

}I

// fields

"field" : {
“updateRate"

}

4

4\ MathWorks

O~ . Stop Time | 10.0 Q& @ ub e ]
Pl EB el )
- orma - ; P h
New Library T ETARE Step Run Step  Siop Data Logic Bird's-Eye
- @ ~  Browser o Back~ - Forward Inspector Analyzer Scope
v —
FILE LIBERARY SIMULATE REVIEW RESULTS
autosar_LaneGuidance
|Pa|autosar_LaneGuidance # -
& o1 - DL
L1 g Evtin Sigout ¥ LeftLaneDistance
El leftLaneDistance
Event Receive
f—
— 5 D1 =] . D1 ol o1 b1
(:; Ewtin Sigout P LeftTumindicator lefiHazardindicatar | sigin E-m:uut
lefiTurnindicator lefiHazardIndicator
Event Recenel
o1 o1 Event Send
5 & = Evtin Sigout B LeftCarinalindspat
] leftCarinBlindSpot
Event Receive2
=31 ol
L3} | Evtin Sigout | RightLaneDistance
rightLaneDistance
Event Received
=31 - ol ol ol ]
4 ¥ = Evtin Sigout | RightTurnindicator nightHazardindicator = Sigin El.-1Dut
righfTurnindicator rightHazardIndicator
Event Received
Event Sendl
o1 DL
6 } = Evtin sigout | RightCarnBlindspot
rightCarinBlindSpat
[ Event Receives LaneGuidancedlgorithm
Copyright 2018 The MathWWorks, Inc.
» [
Ready 100% auto{FixedStepDiscrete)
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Mapping AUTOSAR AP Concepts to Simulink

Adaptive

Application

ProvidedPort )

"Radar" : {
events

"event" : {
“leftHazardIndicator”
“rightHazardIndicator"

},

methods
"method" : {
"Calibrate"
"Adjust"
} r
// fields
"field" : {
“updateRate"

4

4\ MathWorks

O~ . Stop Time | 10.0 Q& > HD e ]
gl & e N )
- ormal - ; it h
MNew Library ~EPRRE Step Run Step  Stop Daia Logic Bird's-Eye
- @ ~  Browser o Back~ - Forward Inspector Analyzer Scope
v —
FILE LIERARY SIMULATE REVIEW RESULTS
autosar_LaneGuidance
|Pa|autosar_LaneGuidance # -
Q D1 ol
2 Evtin Sigout P LeftLaneDistance
El leftLaneDistance
Event Receive
pa——
— 5 D1 o - (51 o - . D1 D1
=) Eutin Sigat P Leftmumindicaior lefiHazardindicator - sigin Ewicut = 1)
lefiTurnindicator lefiHazardIndicator
Event Receivel
oL oL Event Send
Ewtin Sigout W LeftCarinBlindspat
] leftCarinBlindSpot
Event Received
ol ol
| Evtin Sigout | RightLaneDistance
rightLaneDistance
Event Received
ol ol ol {31
= Evtin Sigout | RightTumindicator rightHazardindicator | Sigin EwtOut = 2 )
righfTurnindicator rightHazardIndicator
Event Received
Event Sendl
31 ] Cl
Ewtin sigout | RightCarinslindspat
rightCarinBlindSpat
[ Event Receives LaneGuidancedlgorithm
Copyright 2018 The MathWWorks, Inc.
» [
Ready 100% auto{FixedStepDiscrete)
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AUTOSAR Adaptive in Action

’i autosar_LaneGuidance ™ - Simulink

4 -

autosgr_l.aneGuidance

File Edit View Display Diagram Simulation Analysis Code Tools

- v ~

Help

v 10.0 Normal

@ |"aautosar_LaneGuidance b

Evtin SigOutf|——P»

Event Receive

(O}

& CoO——
= leftLaneDistance

(g

(=]

Co——

leftTurnindicator

O

Evtin SigOut f———P»

Event Receive1l

(s )r——*

leftCarinBlindSpot

Evtin SigOut f————P

Event Receive2

G )r—

rightLaneDistance

Evtin SigOut fp————P»

Event Receive3

G

rightTurnindicator

Evtin SigOut ——p»

Event Received

@ (6 )——>

Evtin SigOut f——P»

rightCarinBlindSpot
g p

»
Ready

Event Receive5

LeftLaneDistance
LeftTurnindicator
LeﬂCarlnBlind:Spot
RightLaneDistache

RightTurnindicator

RightCarinBlindSpot

leftHazardIndicator

rightHazardIndicator

Sigin EvtOut

—— (1)

leftHazardIndicator

Event Send

Sigin EvtOut

(D

rightHazardIndicator

LaneGuidanceAlgorithm

Event Send1

FixedStepAuto

4\ MathWorks
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Generate Production AUTOSAR Adaptive C++ Code

File E v isplay Diagram  Simulation Analysis Code Tools Help
E-o-§ BEe-E- o g®b = F-[ | e @~
«|| Sensor Fusion .
o D Target selection
= : }—b I
Vision o Muttl Confirmed o 1
= Obiect [ System target file: |autosar adaptive.tic
O R%.—b = Tracks x
ETY Relative_Distance
B Language: C++
Cl%m —@—h curvalursﬁ“dLE‘;dcar VX . - .
Description: AUTOSAR Adaptive
E positionSelector mioTrack ka
» )

@ Out-of-box AUTOSAR support

Filter Contents | )
"AATOSR o o 1. Configure Model
¥ [ AdaptiveApplications .
v O Tracking_and_Sensor_Fusion | [d: | e <model>.cpp v Taraet
g Eeq L"(ijrec?;’orr;ts Name v SwcalibrationAccess g . .
rovidedPorts *
v @ Service Interfaces s Curvlatl.l,lre X ReadOnly *. hpp - CPP ‘/ AUTOSAR D|Ct|0nary
- &9 Radarlnterface g Prediction_Time ReadOnly
S Radar ReadOnly * _arxml 2. Generate C++ code
Namespaces & Vision ReadOnly ‘
» = Servicelnterface2
@ XML Options

37
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Agenda

Additional Resources
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AUTOSAR Blockset NEW PRODUCT

&\ MathWorks

To learn more, please visit AUTOSAR Blockset page

4@\ MathWorks®  erouts soutons Acacemia  Support  Communty  Events

AUTOSAR Blockset
Design and Simulate AUTOSAR Software

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,
interfaces, and datatypes, and map them to existing Simulink models using the AUTOSAR editor.
Alternatively, the blockset provides an application interface that lets yqu automatically generate new
Simulink models for AUTOSAR by importing software component and composition descriptions from
AUTOSAR XML files.

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
application software model, you can verify your AUTOSAR ECU software without leaving Simulink.

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).

Come see us at the demo booth

AUTOSAR
4\ MathWorks

TLAB
[MULINK

AMattWorks
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