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case ‘AUTOSAR Acronym’:
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AUTOSAR

means

@ AUTOmMobile Search And Rescue
@ AUThentic Sportscar Aspect Ratio

® AUTomotive Open System Architecture

@ AUTocar Occupant Specific Aversion Rate

® AUTOrecovery Software Abstraction Reloaded
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default

printf(“Wrong session?”);

¥
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AUTOSAR_Overview();
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AUTOSAR - 3-layered Architecture

Application Application Layer Application
[ |

Services Complex
Layer Device Drivers
ECU Hardware

MathWorks
AUTOMOTIVE
CONFERENCE 2015 7



MathWorks AUTOSAR Approach

No separate
ANPGRS A S0 S aecsioii » Code-generation through Mapping
needed

AERRGIT A EC Sl Elies -« Simulink for developing behavior

Clelpeeisiciiacieieis e . Import and Export of SW Component Description
with Simulink Files (ARXML)

Simultaneous
generation of C-code
and ARXML-Files

» Consistency between C code and ARXML SW-C
description files

AUTOSAR Support
Package for
Embedded Coder

« Available via web download’
 Allows more frequent updates and fixes

MathWorks
AUTOMOTIVE

CONFERENCE 2015 " http://www.mathworks.com/hardware-support/autosar.html
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Support for AUTOSAR Workflows

Sw-Cc
Description

Export ARXML )\ 5 Import/Update Simulink model
L
2 &
(@)
2 D
— <
S r o
— -3
<
Integrate
MathWorks
AUTOMOTIVE ARXML C Code
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Capabilities

ulation Analysis Tools Help

< C/C++ Code * | &5 Build Model .
L P - Code Generation
HDL Code i’ Generate S-Function
irunnables PLC Code K
2, Code Generation Advisor
Modd Data Objects ' Code Generation Options...
(& } - = "

Runnable External Mode Control Panel Configure Model B AUTOSAR Componen Co nf| g u rat|o N

Simulink Code Inspector... Navigate To C/C++ Code

Verification Wizards ’ Code Generation Report

function()

Polyspace 4 [
RPort_DE1 . l
RPort DE1 functond 1 y3)

(ErrorStatus) irv3 ‘ v 1 PPort_DE3
—
Runnable1_subsystem =
m @— Configure AUTOSAR Interface: rtwdemo_autosar_multirunnables
From1 From ¥ @&
Filter Contents

Runnable3 Tanction() 4 Py Simulink Mapping

4>< 4 rtwdemo_autosar_multi @ Tip: To map a Simulink inport, select an AUTOSAR(AR) Port and an AUTOSAR(AR) Element Help

G ® Inports Name . AR:DataAccessMode AR:Port AR:Element
e O Outports
fx Entry Point Function » RPort_DE1 ImplicitReceive RPort DE1 ]
Data Transfers > RPort_DE1 (ErrorStatus) ErrorStatus RPort DE1
O RPort_DE2 ImplicitReceive RPort DE2
T L

P simulink-AUTOSAR Mapping
HH AUTOSAR Properties
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Getting Started

« Bottom-Up Approach
Start with an existing Simulink
model

- Top-Down Approach
Start with ARXML files containing
AUTOSAR Component
descriptions

MathWorks
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Architecture

nnnnnnnnnnn

Import/Update Simulink model

Export ARXML .5
> | %5

Integrate

i

Description

ARXML

C Code

loineyag
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switch(topics)

{
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case ‘AUTOSAR - Top 5°:
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Embedded Coder® Support Package
for AUTOSAR Standard

MathWorks
AUTOMOTIVE
CONFERENCE 2015



Embedded Coder® Support Package for AUTOSAR

Standard

Embedded Coder ® add-on support for
the AUTOSAR standard

= Flexible infrastructure to introduce important
new capabilities, also in-between half-yearly
MathWorks Release cycle

= Perform a wide range of AUTOSAR-related
workflows in Simulink®, including:
— Create and modify an AUTOSAR
configuration for a model
— Model AUTOSAR elements

— Generate ARXML and AUTOSAR-compatible
C code from a model

MathWorks
AUTOMOTIVE
CONFERENCE 2015

AUTOSAR Support from Embedded Coder

Develop AUTOSAR software components for automotive systems.

AUTOSAR (AUTomotive Open System ARchitecture) is A [€8€] s ke

" . )@ W C/Ce+ Code * ik Build Model
an open and standardized automotive software HOL Code
H ini v ) H & Code Generanion Advisor
architecture jointly developed by automobile W e e
manufacturers, suppliers, and tool developers. Exteral Mode Control Panel Coafigue Model ¢ AUTOSAR Component
Simubink Code Inspectoc ) i
— = Verification Wizaeds Code Generation Report

dyspace

The Embedded Coder® Support Package for e —
AUTOSAR Standard lets engineers model and i ST
simulate AUTOSAR software components, generate —,...-..».. - L’
AUTOSAR production code, and verify AUTOSAR

generated code using software- and processor-

in-the-loop simulations. The support package also enables import and export of AUTOSAR Software

Component descriptions that support top-down, bottom-up, and round-trip workflows involving third-party
AUTOSAR authoring tools.

http://de.mathworks.com/hardware-support/autosar.html
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AUTOSAR 4.1.3/4.2.1
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AUTOSAR 4.1.3/4.2.1

Seamless support for AUTOSAR
Release 4.2.1 and 4.1.3 schema

2015
i Import deteCtS AUTOSAR 421 release frOm //autosar.org/schema/r4.0 AUTOSAR 4-2-1.xsd"
ARXML file UUID="cbllbde6-740e-5938-2T7ae—4a27b80c4dob"
NAME >pkg</ §Generatel XML file for schema version [4.2 {1

KAGES oA |
= User selects AUTOSAR release from 7 }

Maximum SHORT-NAME length: 32 |39

-PACKAGE Ul

configuration set OptiOﬂS for code generation <SHORT-NAN - Wse-AUFQSAR compiler abstraction g; d
and ARXML export <ELEMENTS} ] Support root-level matrix /O using | 4-0 3

<APPL] L

= AUTOSAR 4.1+ features

— PRPortPrototype
— InitEvent

MathWorks
AUTOMOTIVE
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AUTOSAR Variant Handling 2015

AUTOSAR.Parameter: liters

Standard attributes | Additional attributes |

Value: 5 \

Model AUTOSAR variants in Simulink o mE D > |
Dimensions: | | Complexity: | |
Minimum:  [[] | Maximum: [ ] \
Units: \
~Code generation options-

- VarlatlonPOIntPrOXy Wlth Storage class: \SystemConstant (Custom) ‘v\

— ConditionAccess—Simulink Variant

Subsystem e e
In2

— ValueAccess — AUTOSAR. Parameter with Out2
CSC System Constant Gain

o VariationPointProxy objects
automatically generated

o System constant definitions generated in
separate ARXML file <VARIATION-POINT-PROXY UUID="10594079-C

<SHORT-NAME>vpp_liters</SHORT-NAME

. . <VALUE-ACCESS BINDING-TIME="PRE-COM
* Gain: '<Root>/Gain' */

I A . . </VARIATION-POINT-PROXY>
if (Rte_SysCon_vpp_liters > 7) {
tmp = MAX uint8_T;

MathWorks } else {
QUTDMOTIUE tmp = (uint8 T) (Rte_SysCon_vpp_liters <<
CONFERENCE 2015 }

(9] ]
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AUTOSAR Client-Server Semantics
\ 2015

ERR = fcnWErr(x1,x2)

)xl caller

I i i fcnWETr() >
Leverage Simulink Functions for N2 WE ERR
i imulink Function Function Caller
AUTOSAR Client/Server Simulink F

Std ReturnType fcnWErr (int8 x1, int8 x2)
{
if (uh _oh) {
return RTE_E NOT OK;

=  ARXML import and update support for
AUTOSAR Client/Server )

— AUTOSAR client port and operation
represented as Function Caller

— AUTOSAR server runnable represented as
Simulink Function <POSS IBLE -ERRORS>

= Use AUTOSAR APPLICATION-ERROR <RPPLICATION-ERROR>

<SHORT-NAME >E_OK</SHORT-NAME>

status for C/S communication Er——————— <ERROR- CODE >0</ ERROR-CODE>

return RTE_E_OK;
}

— Helps to Communicate with AUTOSAR basic </RPPLICATION-ERROR>
software that use error status, e.g. Diagnostic <APPLICATION-ERROR>
Event Manager (DEM) <SHORT—NAME>E_NOT_OK</SHORT—NAME>

<ERROR-CODE>1</ERROR-CODE>

</APPLICATION-ERROR>
MathWorks

QUTOMDTIUE </POSSIBLE-ERRORS>
CONFERENCE 2015 21
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Advanced AUTOSAR APls
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Advanced AUTOSAR APIs

2015
El ’a Simulink Mapping
] misUpdatedCounter "i\ Tip: To map a Simulink inport, select an AUTOSAR(AR) Port and .
z g:.?t::ts Name AR:DataAccessMode AR:Port  AR:Element
Simulink modeling and ARXML fe Entry Paint Functons | |~ 1" Eipkctiscsie | Ik opo:
. Data Transfers > In_is_Updated | IsUpdated Input  Input
roundtrip support for \
2D
= RTEAPIs In_is_Updated
— Conditional Rte_ Read/ Rte_Write
— Rte_lsUpdated e n

— Rte_Invalidate (1 )—»{in out}-

= Asynchronous NvM Service calls In
— NvM_WriteBlock, NvM_ReadBIlock, ... / Subsystem
= E2E wrapper if (Rte_IsUpdated_Input_Input()){
) ) Rte Read Input Input(&tmp);
= MFX/MFL/IFX/IFL Library Routines MR SRS
" ReferenceBase Support ; <NONQUEUED-RECEIVER-COM-SPEC>
<ENABLE-UPDATE>true</ENABLE-UPDATE>
MathWorks
AUTOMOTIVE
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“AUTOSAR - Best Practices’:
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Use one AUTOSAR workflow
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#1 Use one AUTOSAR workflow

- Select top-down or bottom-up approach
- Round-trip works best with one clear owner of data

Export ARXML >i‘ Import/Update Simulink model
- Select tools that best support your — = = 58 = ot
workflow and AUTOSAR concepts =] - | &
- Select simplest approach for ——e L
applying AUTOSAR configuration o “G‘*“ef“jl
to your Simulink model — T [ :
kil

MathWorks
AUTOMOTIVE
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Decide data management
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#2 Decide data management

«  Will Simulink or AUTOSAR tools manage data?
= Will projects or teams define and manage data?
- How will change management be handled?

ﬁ Contents of: ..B_Temp\AUTOSARDD.sldd' (only)  Filter Contents AUTOSAR.Parameter: AZ_Param1l
-
Column View: |Dictionary Objects ¥ | Show Details 4objects) v Standard attributes | Additional attributes F
Name Status Value StorageClass DataType Min Ma Value: 10.1

AZ_Param

[se] 3 IntemalCalP 4\ Comparison Tool - AZ_Parami vs. AZ_Param (previous) ‘ E@M
[s%2] AZ_param1 OID.I InternalCalP T — S

=) = — —
[ Az_Gain [12] InternalCalf COMPARISON VIEW ot ®
[su]

AZ_Switch 0 InternalCalP )
= ?
op O o x> 2
| Print
New Refresh Swap | Find ~ Comparison
v Sides Help
COMPARISON NAVIGATE HELP

| Variable "AZ_Param1l" vs. Variable "AZ_Param1 (previous)" |

Field Name ~ AZ_Paraml 1x1 ddEntry AZ_Paraml (previous)

alDataSource ‘AUTOSARDD sldd" ‘AUTOSARDD.sldd’
DataType ‘single’ ‘double’
"

Description " = |
Dimensions H H
DocUnits " "
LastModified '2014-08-20 18:09" '2014-08-20 18:05'
< m ‘ I::“H\Anrﬁﬁﬂdﬂv [abel 'h:[ﬂﬁnﬂr' L‘ﬂ "hiaener ] " e

Contents ‘ Search Results

MathWorks
AUTOMOTIVE
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Establish modeling standards
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#3 Establish modeling standards
- For Simulink and AUTOSAR

sw-c (5—

2 Clock A oo 4 0 v
~23 2 2 z
- Base it on your workflow and data "% 1

management :

58
=

= Use Simulink Model Advisor to
enforce modeling styleearlyin . e g
model development i ] ]

function()

MathWorks
AUTOMOTIVE
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Simulate before you generate code
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#4 Simulate before you generate code
- Take advantage of early verification through simulation

- Make sure SWC implementation

IS correct early

=  Simulate multiple SWC'’s together
in Simulink before code

integration

= Use SIL and PIL to verify
generated code at the unit level
before RTE generation

MathWorks
AUTOMOTIVE
CONFERENCE 2015

RESEARCH ] [ REQUIREMENTS
V- V-
DESIGN
Environmental Models
Mechanical Electrical

Control Algorithms

Supervisory Logic

v N

IMPLEMENTATION

C, C++

MCU DSP J

\/

RTE Generation & INTEGRATION

4\ MathWorks
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Plan ahead for ISO 26262
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#5 Plan ahead for ISO 26262

- Determine how your AUTOSAR process will address safety-standards

« Products supported for ISO
26262 tool qualification include:

* Embedded Coder
« Simulink V&V
« Simulink Design Verifier
« PolySpace Code Verifiers
- Artifacts certified by TUV SUD
* Requires use of V&V workflow

- 1SO 26262 Advisory Service
available

MathWorks
AUTOMOTIVE
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Use Simulink to help migrate your
legacy code to AUTOSAR
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#6 Use Simulink to help migrate your legacy code to
AUTOSAR

= Reuse of Legacy Code

— Integration for simulation, production code generation
— Can generate AUTOSAR RTE API access points

4\ MathWorks

-8 & <«
Runnable3 Runnablel > | Runnable2

ﬂ Link: mutltirunnable_alg_comp/Component/Runnablel
File Edit View Display Diagram Simulation Analysis Code JTools Help

¢ Ee-BE 40P B 0.0

|”&| mutltirunnable_alg_comp P [Pa|Component P Pa|Runnablel

function

single y1 = filterV1(single u1, single u2, single p1)

sidemo_sfun_filterV1

1

void Runnable_Runnable1(void)
{
real32_T rtb_TmpSignalConversionAtin10ut;
real32_T rtb_UnitDelay;
real32_T rtb_sldemo_sfun_filterV1;
rtb_TmpSignalConversionAtin10ut =
Rte_IRead_Runnable_Runnable1_Fast_in_Fast_in();
rtb_UnitDelay = Component_DWork.UnitDelay DSTATE;

rtb_sldemo_sfun_filterV1 = filterV1( (real32_T)rtb_TmpSignalConversionAtin10ut,

(real32_T)rtb_UnitDelay,

(real32_T)Component_P.sldemo_sfun_filterV1_p1);
Rte_IrviWrite_Runnable_Runnable1_a(rtb_sldemo_sfun_filterV1);
Component_DWork.UnitDelay DSTATE = rtb_sldemo_sfun_filterV1;

100%

FixedStepDiscrete

O

E3

=4

» @aé
MathWorks
AUTOMOTIVE

CONFERENCE 2015
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Automate, automate, automate
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#7 Automate, automate, automate
- Use API’s for workflow automation!

= Manual process difficult due to:

— The complexity of the standard,
naming conventions

— lterative work cycles with AUTOSAR model = 'rtwdemo_autosar counter!;

— Complex code APIs and XML file % Modify AUTOSAR Properties

deflnltlons autosarPropS =
autosar.api.getAUTOSARProperties (model) ;

%% Setup AUTOSAR Configuration
programmatically

set (autosarProps, 'Input', 'IsService',

- Use documented MATLAB APlIs to el , .
. . . . set (autosarProps, 'XmlOptions',
COﬂfIgure SWCS IN SImU|Ink 'ArxmlFilePackaging', 'SingleFile'");
MathWorks
AUTOMOTIVE
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#8 Use production code generation
- Hand coding AUTOSAR is painful

voidIRunnabIe_simpIe_aIg_Step(}cﬁd)
<RUNNABLE-ENTITY UUID="aef16585-a355-494f- accd-1a548c a22e 27">

{ <SHURT -mmv-&RunnabIe_simple_alg_Step</SHORT-NAM E>

real T rtb Gain: <MINIMUM-START-INTERVAL>0</MINIMUM-START-INTERVAL>

- - <CAN-BE-INVOKED-CONCURRENTLY>false</CAN-BE-INVOKED-CONCURRENTLY>
real_T rtb_Delay; <DATA-READ-ACCESSS>
) <VARIABLE-ACCESS>
real_T rtb_Delay1; <SHORT-NAME>IN_Slow_in_Slow_in</SHORT-NAME>
real_T rtb_ TmpSignalConversionAtFast_i;

/RUNNABLE-ENTITY
if (simple_alg_M->Timing.TaskCounters.TID[1] ==0) { < g

Rte_Receive_Fast_in_Fast_in(&rtb_TmpSignalConversionAtFast_i);

rtb_Delay = simple_alg_DWork.Delay DSTATE;

rtb_Delay1 = simple_alg_DWork.Delay1_DSTATE;

rtb_Gain = simple_alg_DWork.Delay2_DSTATE;

rtb_Gain = (((tb_TmpSignalConversionAtFast_i + simple_alg_DWork.Delay_DSTATE) + simple_alg_DWork.Delay1_DSTATE) + rtb_Gain) * simple_alg_P.Gain_Gain;

if (simple_alg_M->Timing.TaskCounters.TID[2] == 0){
simple_alg_ B.RateTransition =rtb_Gain;
simple_alg DWork.Delay DSTATE =rtb_TmpSignalConversionAtFast_i; <S<ES';I_|%ERI?I.-_IT\EACKAEEI\>/55{;'17;_‘?5@.?_ EN>AME>
simple_alg_DWork.Delay1 _DSTATE = rtb_Delay; <|IS-SERVICE>false</IS-SERVICE>
simple_alg DWork.Delay2 DSTATE =rtb_Delay1; <DATA-ELEMENTS>
} <VARIABLE-DATA-PROTOTYPE>
if (simple alg M->Timing.TaskCounters.TID[2] == 0) { <SHORT-NAME?Out1 </SHORT-NAME>
I Rte_IWrite_Runnable_simple_alg_Step_Out1_Out1 (ii-mpic_dlg_b .RateTransition </V'A.RIABLE-DATA-PROTOTYPE>
+ Rte_IRead_Runnable_simple_alg_Step_Slow_in_Slow_in()); </DATA-ELEMENTS>
} </SENDER-RECEIVER-INTERFACE>
MathWorks
AUTOMOTIVE
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Actively plan for migration
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#9 Actively plan for migration
- Tools and standards are changing rapidly

NEW MATLAB RELEASES
= Account for:

— New versions of AUTOSAR R

(OR2015a
— New versions of Simulink ~
R2014b
= Consider:
®R2014a IMPORTANT NEW
— How often to upgrade CAPABILITIES

— What will drive upgrade

growing complexity

Acceptance
Tests Rel.1.0.0 s

Rel.21 ) Rel.3.0 )Rel. 3.1 Rel. 3.2.x
Phase | | Phase Il | Phase Ill | 2013onwards |
o] [ma] [ -]
MathWorks Source: 7th AUTOSAR Open Conference, 22.10.2014

AUTOMOTIVE
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‘Assistance’:
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Training Services

Developing Embedded Targets
Advisory Service

MathWorks
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‘AUTOSAR Demo Pod’:
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Model. Code. Production.

Real-Time Sim

Seatbelt Reminder
System Test Bench

R2015b

Power Mirror
System Test Bench

(c) 2015 The MathWorks, Inc

PowerMrrar_Plant

~\[MmMovmmnF'omm_mmﬂ

»__ [MirMovmtManFromHmi_AxisVert] |

PowerMirror_ECU

Q
(c) 2015 The MathWorks, Inc
Scheduer
Controls SBR_AUTOSAR_15a Dashboard
on OSTask_10ms _10ms
25
20 30
off = Start s 3
OSTask_100ms _100ms 10
Key_Paosition
J
Open C, Closed 50,
Seatbelt_Lock Koy [
Speed
20 25 3
15 sl 35
10 = - 40 Seatbelt_Status
5 45
0 50 — -
Spesd Speed
Speed_Set Seatbelt_Error
Inputs ASNC Outputs
HMI
T T L) e AxisHoz!
[P iovmiManF romAm_Axisver] = i_AxisVert
e
From
-
BodyController_Plant
BattU
Interdomain
MathWorks
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default

printf(“Brain up-to-date!”);

¥
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And one last thing ...
AUTOSAR - Antagonizing the ,,German Coast Guard“ Effect

MathWork
gcﬂ Tg F1 OTIVE Source: https://youtu.be/zkalf0odHs8 German Coast Guard Commercial 'We are Sinking' [HD]
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