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Agenda NN B

- AUTOSAR Motivation and Principles
- Vision and Objectives
- Development Cooperation
- Architecture of the Standard
- Migration of the Standard
- AUTOSAR Configuration Methodology & Tools
- AUTOSAR MCAL
- AUTOSAR OS
- Examples: Hands-on Training
- LAB1: Blinking LED
- LAB2: Dimming LED
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Embedded Software

Mars Curiosity Rover

SMLoC

Mercedes S Class
~100MLoC
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Android _ _ N
11.8 MLoC F-35 Joint Strike Fighter
23.5 MLoC

There is A LOT of Embedded
Software in Automotive!

Source:

http://spectrum.ieee.org/green-tech/advanced-cars/this-car-runs-on-code
http://www.informationisbeautiful.net/visualizations/million-lines-of-code/
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AUTOSAR Standardizat

lon

Technology partnerships and open standards encouraging “plug-and-play” approach

Freescale, a reliable partner for automotive
software and hardware innovation:

- Driving member of the OSEK/VDX™
consortium, with own operating system
implementation

- Founding member of the LIN™ consortium

- Founding member of FLEXRAY ™ partnership

- First semiconductor vendor to join
AUTOSAR™ partnership

A Manufacturer-Supplier Relationship

Standardization

MSR

OSEK/VDX

H 1 S ERE EaE S e
L1

ASAM ODX

AUTOSAR

>

Source AUT@SAR

AUTO SAR

(AUTomotive Open System ARchitecture)

L

Z “freescale’

External Use | 4

#FTF2015



AUTOSAR Vision

AUTOSAR aims to improve the complexity management of integrated E/E architectures
through increased reuse and exchangeability of software modules between OEMs and
suppliers.

OEM Db
I Exchangeability
between
suppliers’ OEMc
OEM a Platform b.1 solutions
Platform b.2
Platform b.n ]

SULLICIENN  Supplier B Platform c.1 T
FI’Iaftform al [ Chassis >Chassis puZ't?Sfr?ﬁ“S.ﬁ'z ] ]
Plat 2 '
Plat?or(r)l:n;.ﬁ | ! zafdetil s ?alfety _
- oay > Telematics
Exchangeability Comfort OEM d
between Supplier C j
’ Cals 27590 i
man_ufac_:turers » Body/Comfort B i -
applications >Powertrain t’)/&
OEM f >Telematics Platform d.1
= Platform d.2 |
v Platform d.n |
& OEM e o
by * A Exchangeability
= between vehicle
Platform f.1 |
Platform f.2 I platforms
Source: AUT@'SAR Platform f.n |

Autosar_GuidedTour.pdf pTl?ftform e2.1 ] |
atrorm e.
" Platform e.n |
P 2d "
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AUTOSAR Vision

AUTOSAR aims to standardize the software architecture of ECUs. AUTOSAR paves the way for
innovative electronic systems that further improve performance, safety and environmental friendliness.

Customer needs

* Adaptive Cruise Control

* Lane Departure
Warning

» Advanced Front
Lighting System

Yesterday AUTOSAR

>

Application Software

standardized

Using standards
* Communication Stack
*+ OSEK

+ Diagnostics

* CAN, FlexRay

L I0 Hwepeors

Hardware

Hardware

) -

Hardware and software will be widely independent of each other

Development can be de-coupled by horizontal layers. This reduces development time
and costs

The reuse of software increases at OEM as well as at suppliers. This enhances quality
and efficiency

Source: AUT@SAR
< Autosar_GuidedTour.pdf
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AUTOSAR Objectives

PO1.:
Transferability of
software

PO2:
Scalability to different
vehicle and platform

variants
PO3:
Different functional
domains licatio
I:t”e?rfaces phodai
PO4:

Definition of an open
architecture

PO5:
Dependable systems

POG6:
Sustainable utilization of
natural resources

PO7:
Collaboration between
various partners

PO8:

Standardization of basic
software functionality of
automotive ECUs

PO9:

Applicable automotive
international standards
and state-of-the-art
technologies

Source AUT@SARRS_ProjectObjectives.pdf

- Autosar_GuidedTour.pdf

L 4
Z " freescale ..... : s#ETE2015



AUTOSAR Main Working Topics

Architecture

Applicatior}\/lethodolo
Interfaces

Z “freescale’

Architecture:

Software architecture including a complete basic software
stack for ECUs — the so called AUTOSAR Basic Software —
as an integration platform for hardware independent software
applications.

Methodology:

Defines exchange formats and description templates to
enable a seamless configuration process of the basic
software stack and the integration of application software in
ECUs. It includes even the methodology how to use this
framework.

- Application Interfaces:

Specification of interfaces of typical automotive applications
from all domains in terms of syntax and semantics, which
should serve as a standard for application software.

Source: AUT@SAR
Autosar_GuidedTour.pdf
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AUTOSAR — Concept and Functional Domain

Functional Domains

The AUTOSAR project objectives
will be met by specifying and
. Vehicle
standardizing the central ‘centric’
architectural elements across Powertrain

functional domains, allowing Safety
industry competition to focus on (active/

: : passive)
implementation.
AUTOSAR ———

Human
Machine
Interface

Telematics

Body and

Comfort
Cooperate on standards, Passenger

compete on implementation. centric

Source: AUT@SAR

Autosar_GuidedTour.pdf

L 4
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AUTOSAR — Cooperati
AutoSAR Partners (Nov. 2014)

9 Core Partners -

on Structure and Partners

26 Development Partners

General

| Generic
OEM

Tier 1

“freescale’
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TATA

@ L&T Technology Services TATA ELXSI LIMITED

Tools and
Services

Semi- |
- conductors

Source: AUT@SARus at http://iwww.AUTOSAR.org



Basic AUTOSAR Appr

Virtual Integration
Independent of hardware
Virtual Functional Bus.

Introduction of Hardware
Attributes

Holistic view of the entire
system, both software and
hardware.

ECU Configuration
Run-Time Environment

Separation of system into its
ECU (plus common
infrastructure).

L £
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oach

[4
O-MS
dvSOoLNY

il

O-MS
dVYSOLNY

u
O-MS
dvYSOLNY

Virtual Functional Bus

-2

ECU

%

Tools supporting development
of software components

System Constraint

External Use

Descriptions EQ{ \ed Description
ECU ECU
Description Description
ECU I ECU I ECUn
AUTOSAR | | AUTOSAR AUTOSAR AUTOSAR
SW-C1 SW-C 2 SW-C3 SW-Cn
Basic Basic Basic
Software Software Software
l i_‘ Gateway L
Flex Ray CAN

11

Source: AUT2SAR
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Software Component
(SW-C) description

Integration of SW-C via
Virtual Functional Bus
(VFB)

ECU Description

System Constraints

Mapping of SW-C on
specific ECU

Configuration of Basic
Software Modules
(BSW) and Run-Time
Environment (RTE)

=

System
Description



AUTOSAR Architecture — Components and Interface View

= Application Actuator Sensor Application
AUTOSAR Software Software Software AUTOSAR Software
Software | Component Component Component S ft Component
Campenent] AUTOSAR AUTOSAR AUTOSAR oiftware AUTOSAR

Interface Interface Interface Interface

Interface
AUTOSAR Runtime Environment (RTE)

Standard II I II ; ‘

Software
Standardized s':l',‘.‘l’.‘b'gza“ Standardized AUTOSAR AUTOSAR
Interface Interface Interface Interface
Interfaces: Interface
ECU

“ VFB & RTE Services Communication Abstraction

relevant - - .

© Standardized Standardized Standardized
& RTE S5 Interface Interface Interface
=

relevant Operating =4 2 Complex
= BsSwW System § a Drivers

relevant @ § Standardized
= ST Interface

inside Microcontroller
3‘&‘:;:’:':" Abstraction
not specified
within AUTOSAR) ECU-Hardware
Source: AUT2SAR
R
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AUTOSAR Layered Software Architecture

Basic structure distinguishes four basic layers.

2
(O
= S Application Layer
= a
o
® 5
O
Runtime Environment
>
®
Z
S
wn
<
%)
@®©
oM
&~
35 |
o 3 Microcontroller
o}
0 d

Source: AUT@SAR

L £
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AUTOSAR Layered Architecture

The AUTOSAR Basic Software is further divided in the layers: Services, ECU
Abstraction, Microcontroller Abstraction and Complex Drivers.

Application Layer

Runtime Environment

Microcontroller

.., Source: AUT@SAR
Z “freescale eemaluse | 14 #ETF2015




AUTOSAR Layered Architecture

The Basic Software Layers are further divided into functional groups. Examples of
Services are System, Memory and Communication Services.

Application Layer

Runtime Environment

Source: AUT@SAR

Microcontroller

L 4
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AUTOSA R Freescal e SO I ut| on «  Freescale Software Products include

the AUTOSAR Operating System,
a - ., o AUTOSAR MCAL Drivers and Complex
icat SWW Application ' _ | Device Drivers

The full AUTOSAR RTE (Runtime
Environment) stack is available through
our integration partners

Integration
Partners

AUTOSAR stack
ntroller Abstraction Layer

Microco
- ’ Communication

rivers
Microcontrolie: D

Drivers

——

—— —

-

Z freescale” ...... 1 #FTF2015



AUTOSAR Documents

G @) http://ww -wautosTrg sp O~ B & || (@) Release 4.2: AUTOSAR

AUTO SAR

Enabling Innovation

’ /ﬂ\ About  Partners Specifications Documents  User Groups  Events & Publications = Media

pbme | Specifications | Release 4.2

{ Specifications Release 4.2

) Release 4.2 ere you can download released documents of the AUTOSAR development partnership. You can
Main gownload two types of s .
| Software Archigeture = Published Releases
Methodology argd Templates descrive the normd  For information only, see disclaimer
Application Inteffaces specified content (S T——
Ruleasadd - Auxiliary Material - Auxiliary material is a suppomng document, model or format meant to
’ further explain and/or improve the usability of standard specifications of the AUTOSAR
Release 4.0 partnership. Auxiliary material is recommended to read and/or use for a better understanding
Release 3.2 or harmonized usage of the AUTOSAR standard but is not mandatory to follow for AUTOSAR
Release 3.1 c
Releace 3.0 Two documents exist for each BSW module:
Release 2.0 - SRS: Software Requirement Specification
Acceptance Tests Release 1.0 . - r- .
I - SWS: Software Specification
o ‘htt;::',vww‘w.autosar.orgs h ' >
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AUTOSAR — Application Migration

Uncontrolled software design

S

il

Single-sided RTE with software
components (SW-C) and legacy BSW
_\ ]

Complete AUTOSAR BSW with
adapters for legacy SW-Cs
N-—

Structured design

—

Partial introduction of AUTOSAR BSW
with legacy SW-Cs to BSW adapters

Fully AUTOSAR compliant ECU

Legacy software AUTOSAR compliant Software Source: AUT'@SAR
< components SW components RTE Adapter Al e Autosar_GuidedTour.pdf
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TOSAR Configuratior
& )0y and Tools ™=

\
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Basic Software Configuration Process

Freescale AUTOSAR Integration Partners receive Freescale MCAL
and OS releases for pre-integration into their proprietary AUTOSAR

BSW products.
vector [

L

L 4
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AUTOSAR Methodology and Templates — Waterfall View

System Configure \

Configuration System
Input: System

System Extract ECU
Configuration Specific
Description: Information
System

BSW Specific (MCAL/OS)

\
ECU Extract of Configure \
System ECU
Configuration:
System .
ECU ' Generate ECU
Configuration Executable  Executable

ECU

Values

- The AUTOSAR Methodology is foreseen to support activities, descriptions and use of tools in AUTOSAR
= The notation of the Software Process Engineering meta-model (SPEM) is used

- The AUTOSAR methodology is not a complete process description but rather a common technical approach for some steps of system

development

- Outside the scope of the AUTOSAR standard is:
= Description of tools (which add value to the ‘Activities’ in the methodology)
= Definition of roles and responsibilities

L

“freescale’
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Software Module Static/Generated Parts

One AUTOSAR BSW module normally consists of three main pieces:

- Software module source code:

-1t Is a static part of software module, which is not ECU configuration
dependent

- Software module VSMD (Vendor Specific Module Definition):

- an XML file that describes software module configuration capabilities
(EPD)

- Software module generator:

- process ECU configuration (also an XML file but different to VSMD)
(EPC) and generates software module(s)

L
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Basic Software Configuration Process

AUTOSAR System
Design Tool

Generator /

((9 ) Generator /
ECU
——» | Configuration
Description
(XML) o
AUTOSAR BSW ) Communication
Configuration Tool Services
T Generator /
ECU :
Parameter MCAL
Definitions Generators /
XML
Q ( ) ) _
a

I _//

L 4
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ElektroBit (EB) Tresos Studio

el
File Edit Search Project Window Help -

IEER AR R I oS

[ Project Explarer 53 = <fg> ¥ =0 Resource (Resource) ( Port (Port) &3 =0

= 1=} BlinkingLED Al port @ o &

B BlinkingLED (P4, XPCSE0¥E)

-1 £8

£ 8% Resource (v2.8.1, A53.0.0) Name & [Port
o Resource

£~ 10

-8 Base (v2.9.1, A53.0.0)

-85 Dio (v2.9.1, A53.0.0)

-8 Ecum (v2.2.1, A53.0.0)

@@ Gpt (v2.9.1, A53.0.0)

=8 Meu (V2.9.1, A53.0.0)

=83 Port (V2.5.1, AS3.0.0)
- Eord & PortGeneral

-1 o5

B output

B include

----- Dio_Cfg.h ) -

_____ ECU?ﬂEfg_TOSA"IE.h Port SetPinMode Api IB é—

----- EcuM_Cfa.h _|LI

..... Gpt_Cfa.h 4 | | v

----- Meu_Cfa.h

""" modules.h

R | UEe=E SmamGmees 20 . EB tresos Studio is an easy-to-use tool for ECU

o A . . . :
[—:I...Eimsu;seepc Configuration of the Port module. Standard SOftwa.re CO nflg u ratlo n y Val Idatl on and
""" E Dio.epc .
o = code generation
""" Mcu.epc

----- 4| - Full support for the AUTOSAR standard

""" Resource.epc & Error Log [ Problems view 2 & Seardﬂ =0
B src

..... B cods 0. 5o 7| « Full support for the Freescale AUTOSAR

----- Dio_Cfg.c Message ~ | Error Code I Path |
B CommonPublishedInformation

----- EEXE O software and the EB tresos AutoCore
5= outine 53 rrors{10)
- Integrated, graphical user interface
- PortGeneral .
O I - Based upon Eclipse and open standards

General PortConﬁgSeq Published Infnrmaﬁonw

-

Config Variant Y I VariantPreCompile

= PortGeneral

Port Development Error Detect IB é

Default ]

|59 Config Variant:VariantPreCompile

L b 0

- Online-help and parameter-specific help

L
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AUTOSAR BSW Configuration Tool
Example: Tresos® ECU

- Graphical representation
of ECU configuration
description (ECD)

- Import/export of ECD

pre-compile
methodology

L

Z “freescale’

Easy configuration of
AUTOSAR BSW using

#sud| @ @[ " 23w
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Main Window

Project
Browser

Node
Outline
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(= OsTicker
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#-[=] OsAppMode
-5 osCounter
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E-= 0s05

@ OsServiceTrace =itfrue

OsProtection:ON

""" [¥] OsExtra_Runtime_Checks: false

=| OsStackOptimization:GLOBAL
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Errors & Warnings

RI=
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@ OsServiceTrace™®:itrue

Rte = OsAlarmAction
-2 doc
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Parameter Definition

Jump to link _

L

Z “freescale’

(=T
Eile Edit Project Window Help - RTE
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<ENUMERATION-FARAM-DEF>
<SHORT-NAME>OsCounterType</SHORT-NANE>

<DESC>This paramster contains the natural type or unit of the counter </DESC>

<CRIGIN>AUTOSAR_ECUC</ORIGIN>
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</ENUVMERATION-LITERAL-DEF>
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</ENUMERATION-LITERAL-DEF>
</LITERALS>
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=0

... and its corresponding
entry in the description
file (*.EPD)

i

al

O e I.r'lﬁq @ g, Errors;]

=0

This parameter contains the natural type or unit of the counter,

-
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Parameter Description Files — EPD/EPC

Legend

D AUTOSAR Files

BSW
Module D Elektrobit Files
DESCI’IptIOI’I BSW Module D Generated Files

read

Configuration

EB tresos Studio

Configurator write EPC
read read _ ¢ h
write
EB tresos Studio Generated
Code
Generator
read
ter:;’)IZtes COde
Source: Elektrobit Templates

L £
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Parameter Description Files — XDM

Legend

D AUTOSAR Files

BSW

Module EPC
Description  /impory BSW Module
export Configuration
AN

EB tresos Studio
Configurator

XDM
EPD

read

D Elektrobit Files

D Generated Files

read read

c h
write
« XDM is a proprietary format (EB) providing _ /X/
EBtresos Studio Generated

enhanced usability features during configuration
with EB tresos Studio Generator Code

« EPD is the standard AUTOSAR format. This
allows the Freescale AUTOSAR software to be
used with any other AUTOSAR

, : : .
Configuration/Generation tools emmes | COde
Templates

Source: Elektrobit

L
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AUTOSAR Configuration Classes

- Configuration classes (for parameters):

- The development of BSW modules involve the following development
cycles: compiling, linking and downloading of the executable to ECU
memory

- Configuration of parameters can be done in any of these process-steps:
pre-compile time, link time and post-build time

L
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AUTOSAR Configuration Classes

The AUTOSAR Basic Software supports the following configuration classes (for
parameters):

1. Pre-compile time
- Preprocessor instructions
- Code generation (selection or synthetization)

2. Link time

- Constant data outside the module; the data can be configured after the module has
been compiled

3. Post-build time

- Loadable constant data outside the module. Very similar to [2], but the data is located

in a specific memory segment that allows reloading (e.g. reflashing in ECU production
line)

Independent of the configuration class, single or multiple configuration sets can be provided by means of
variation points. In case that multiple configuration sets are provided, the actual used configuration set is to
be chosen at runtime in case the variation points are bound at runtime.

L
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AUTOSARMCAL =& 8

;\\.
S13PM WEDNESDAY MARCH 15, 2024 84°C 3% HUMIDITY
Charge
Destination: |
84
— |
CONFIRM DESTINATION = .
ke ——
Music
Summertime * ‘
12 mi \

» Gl
1:30
155 mi {
oYY r Data !
k |

Air Conditioning

72° .

Schedule

April * Pick up Roger from Airport

21 * Grocery shopping at FoodWorld
* Piano Lessons and Soccer Practice

L 4
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AUTOSAR — Microcontroller Abstaction Layer

’ Application Layer ‘

The Microcontroller Abstraction Layer is the lowest software layer of the Basic l RTE |
Software. A Memory || Commun

. . . . . . System Services Services ! 1/0 HW 4

It contains internal drivers, which are software modules with direct access to the pC — Services | abstractio || £

and internal peripherals. ’ Dev. H Memory H com Hw ‘ n 3

Micro- Memory Communl /0 g

cgr:it‘;célrlser Drivers I-)Cr ?$g2 Drivers ©

Task

Make higher software layers independent of uC

Properties
Implementation: uC dependent
Upper Interface: standardized and pC independent Group of
Software
. : : o : ] / modules of
Microcontroller Drivers Memory Drivers Communication Drivers I/O Drivers similar type
=
= n
5 § g 2 L L v} Y
81| 8 |e| Z|l2le|m| E|:5|2|%|8| §&|g|2|glgs
— o C = @ = m % 3 pd & (:D (= = O 3 Software
o1& 9 || | 3| B = 65.955 Ol S| 9| 9| & of ] modue
= = [0} M = = = < = = < =1
5| 9 5 &8 gl &| 2| & ol 8| 5| 2| = s|3|35|5|8]| 32
= < = = = = @ o) = = - =
2 =g 5 18
e = =
©
Internal
S m peripheral
%5% 3 device
c=C (@)
=5 =

Source: AUT©SAR

freescale #FTE2015



AUTOSAR — Microcontroller Abstaction Layer

Application Layer
- Microcontroller Drivers oo T T o [
- Drivers for internal peripherals (e.g. Watchdog, vl 0 e I

General Purpose Timer) it AT o
- Functions with direct uC access

Microcontroller Drivers

1S9 910D

JaAld 1dO
Januq Bopyorepn
Januad NON

. 17 0 (@] (@) 3 >
> o) 0 = ]

*., Source: AUT@SAR
>¢ -
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AUTOSAR — Microcontroller Abstaction Layer

Application Layer

- Memory Drivers RTE
. . . Communi

- The Memory Hardware Abstraction is a group of modules which abstracts from the System Services | Services ~cation O HW 2

location of peripheral memory devices (on-chip or on-board) and the ECU hardware S Services ]| Abstractio || =

layout Dev. COM Hw " 5

y Abstr. %

- Example: on-chip EEPROM and external EEPROM devices are accessible via the same mero 1 memory | COmmu Vo g
meChanism Drivers IS Drivers Drivers

- The Memory Drivers are accessed via memory specific abstraction/emulation modules

(e.g. EEPROM Abstraction)

FLASH EEPROM
Emulation

Memory Drivers

1s91 yseld4
1s81 INVY
JaAlQ yseld [eussyul
19N INOHd33 [eulaiul

. 17, 0 (@) (@) 3 >
> o) 0 = (@]

1 XY
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AUTOSAR — Microcontroller Abstaction Layer

Application Layer

- Communication Drivers oL T | oo | e
- Drivers for ECU onboard (e.g. SPI) and vehicle el e il

communication (e.g. CAN)
- OSl-Layer: Part of Data Link Layer

Communication Drivers

1AL Js|pueH |dS
19ALA NI
19N NVD
Jonuq Aeyxal4
19ALQ 18UIBYIT

. 17 0 (@] (@) 3 >
> o) 0 = ]

., Source: AUT@SAR
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AUTOSAR — Microcontroller Abstaction Layer

Application Layer
. RTE
° I/O D Communi
r I V e r S System Services gleerwgt?; S_g:::ggs Altigtrgz\tlio é
. = it Memory ” COM HW | n 5
- Drivers for analog and digital 1/0 (e.g. ADC, ol Il
Micro- Memory Communl 110 g
controller -cation BivERS O

PWM y D | O) Drivers Drivers Drivers

Microcontroller (UC)

I/O Drivers
— T T
sl al 2|8 gl
2| 2|1 9| 92| 2| o
< < | < =
s 2| 3| 2| 2 s

. 7)) Q)

., Source: AUT@SAR
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AUTOSAR — Complex Device Drivers

Application Layer
A Complex Driver is a module which implements non- R E—
standardized functionality within the basic software stack. sysemsenvces | semices | o7ion | vomw
oo | L S |
An example is to implement complex sensor evaluation convoller || Memoy | SR |l o
and actuator control with direct access to the uC using

specific interrupts and/or complex puC peripherals e.g.
 Fault Monitoring Drivers Example:
» Core and Peripheral Self Tests
* MicroController Library (MCL)
* CRC Driver

Properties:

* Implementation: highly uC, ECU and application dependent

» Upper Interface to SW-Cs: specified and implemented according to
AUTOSAR (AUTOSAR interface)

» Lower interface: restricted access to Standardized Interfaces

Source: AUT@SAR

L
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Freescale AUTOSAR MCAL Product
RS plugins

=3 Adc_TS_TEDBSW Module Parameter Definition in AUTOSAR format
l:l autosar
-] config < Module Parameter Definition in Tresos format
D doc
=1 generate PB <— Post-build source files macros and templates
=1 generate PC Pre-compile source files macros and templates

I:l include

=1 generate_swed € Module BSWMD file
[ include © Module driver header files
-] META-INF _ _
L sre Module driver source files

7 Base TS_T2D35M1010R0
7] Can_TS_T2D35M10I0R0
0.7 Canlf_TS_T2D35ML0I0R0
77 Dem_TS_T2D35M10I0R0
7] Det_TS_T2D35M1010R0
77 Dio_T5_T2D35M1010RD
77 EcuM_TS_T2D35M10I0R0
77 Eth_TS_T2D35M10I0R0
7-"] Ethif TS_T2D35M1010R0
7] Fee TS_T2D35MI10I0RD
7 Fls_TS_T2D35M10I0R0
027 Fr_TS_T2D35M1010R0
0-C Frif_TS_T2D35M10I0R0
7" Gpt_TS_T2D35M10I0R0

A1 leu_TS_T2D35M10I0R0

Z “freescale’

External Use 41

Module_TS_TjD MzlaRb

X = Target (2 — Freescale PPC)
Y = Derivate ( 34 — MPC5748G )
Z = Module Major & Minor Version
A = Module Revision Version

B = Reserved
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History: OSEK/VDX

. May 1993

- Funded by a German company consortium BMW, Robert Bosch GmbH,
DaimlerChrysler, Opel, Siemens, and Volkswagen Group in order to create an open
standard for the automotive industry

- Open Systems and their Interfaces for the Electronics in Motor Vehicles

1994

- French cars manufacturers Renault and PSA Peugeot Citroén, which had a similar
project called VDX (Vehicle Distributed eXecutive), joined the consortium

Oct 1997
- 2nd release of specification package

Feb 2005
- Specification 2.2.3 of OSEK OS

Goals: portability and reusability

L £
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A U TO SA R O S Application Layer
RTE
memory || SORET ornw | 8
- AUTOSAR OS is OSEK/VDX™ womory— e Ao |
Dev. HW HW on 3
" ——Abstt—— _—Cg#ﬁmn_ !
O S p I u S ) controll-er I\I/ID?iT;rsy i-cation Drli/v?ars g
Drivers Drivers

- New core features
= Software and hardware counters

= Schedule tables with time '_ ’7
synchronisation
= Stack monitoring |

- Protection features

= Timing protection, memory protection
and service protection

= OS applications, trusted and non-
trusted code

= Protection hook

L
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AutoSAR OS — Application and Trusted
and Non-Trusted Code

- Integrity level: trusted and non-trusted code

- OS application

- A block of software including tasks, ISRs, hooks
and trusted functions

- Trusted: An OS application that has unrestricted
access

-Non-trusted: An OS application that has
restricted access

- Trusted function
- A service function with unrestricted access

- Provided by a trusted OS application

L £
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£ Sanpiet, oil
--4uk Mode
=) & SND_APPL
%, TASKCNT
%, TASKSND1
&, TASKSNDZ
= SCHEDTAB
B3y SECONDTIMER
B3y SYSTEMTIMER
B STCOUNTER
Msgd
[ mMsqB
=& RCY_APPL
- 245, TASKRCYL
(T) MSGAEVENT
(@) TIMUMITEVENT
%, TASKRCYZ
L TIMLIMITALARM
o MSGAACCESS
+ MSGBACCESS
[Z] MsgAReceived
: MsgBReceived
=& TRUSTED_APPL
&, TASKSTOP
L STOPALARM

o comi

OIL structure |



AUTOSAR OS — Usage of Memory Protection

- A Non-trusted OS application task
- Can only access the configured resources (i.e. Memory, peripherals, ...)

- Therefore this task is unabled to interfere with other components in the
system

- Memory protection can be used, e.g.,
- To separarate different applications on one MCU
- For isolating controller functionality from independent sub-suppliers
- To fulfill safety constraints

- As a debug feature (faulty memory access is prevented, stack overflow is
prevented, protection hook is called)

- Memory protection MUST be supported by on-chip hardware resources
(i.,e. MPU)

L
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AUTOSAR OS — Usage of Service Protection

- Service Protection

- Protection against faulty/corrupted OS service calls by an OS Application

- Examples
= OS Application calls ShutDownOS()

= OS Application tries to execute ActivateTask() on a task belonging to another
OS Application

- Protection Hook is called upon detection of a service protection error

L
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AUTOSAR OS — Usage of Timing Protection
& Global Time

- Timing Protection

- Execution time enforcement

= Bounds the execution of ISRs, resource locks and interrupt disabled sections at
runtime to a statically configured value (“time budget®)

- Arrival rate enforcement

= Bounds the number of times that an ISR can execute in a given timeframe to a
statically configured limit

- Protection Hook is called upon detection of a timing protection violation

- Global Time / Synchronization Support
- Requires a global time source, e.g. the FlexRay network time

- This feature allows schedule tables to be synchronized with a global time
through special OS service calls

L
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AUTOSAR OS Scalability Classes 1-4

L\
\5
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Freescale AUTOSAR OS Application Architecture

|

Application

configuration file (EPC)

I Sysgen files source

code

——n

I
L Make tool

. Third party tools & related files

User’s
source
code

. OS components, tools & related files

. User written / defined Executable file

L

L 4
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AUTOSAR Hands On Tralnlng
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What‘s on Your Desk

GreenHills

MPC5748G Probe

Board

@

— )

ol O

=10

—
MPC5748G| [ 3 E
SoC =
o

LEDs & Trimmer

L £
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MPC5748G — Block Diagram

Module.

8KBICache 4KBD Cache USB 2.0 Host
+0TG
FPU Nexus 3+ 22 32-ch. DMA
: | End-to-End | End-to-End ECC

End-to-End ECC 23 ECC MO G, e

! , Ethernet  Ethemet  Ethemet

T AVB  Switch AVB
! ! :
K ]

Memory Protection Unit

Z “freescale’

External Use | 53
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LAB1 Blinking LED

- Objective
- Get started with AutoSAR and Blinking LED

- Environment
- AutoSAR MCAL and AutoSAR OS v4.0
- Tool: Elektrobit tresos Studio 2014.2.1
- Compiler: GreenHills for PPC
- Debugger: GreenHills Probes
- Hardware: MPC5748G Evaluation Board

- Functional description

- The AutoSAR BSW modules Mcu, Dio, Port, Os, EcuM, Rte are applied
to build an application which toggles an LED every second.

L
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PORT/DIO Modules — Functional Overview

- Port - Dio
- Initialization of all pins and ports of - Provides APIs to read and write GPIO
the MCU ports/pins
- Reinitialization with alternate - Requires an initialized Port module
configurations at runtime possible = Pins/ports need to be initialized via Port
- Reconfiguration of pins at runtime module
- Port Pin Function Assignment (GPIO, ~ ~ APl synchronous and unbuffered
Adc, SPI, PWM, ..)) - Structural Elements:
- PadSelection implicitly via hardware = Channel (single pin)
assignment » ChannelGroup (adjacent pins in the same
- PortPin is the only structural element port)
= Port (aggregates Channels and
Driver: Name for |Name for Name for ChanneIGroups)
a Port Pin: | Subset of a whole
Adjacent pins | port
on one port
DIO Driver Channel Channel Group |Port
PORT Driver: Port pin -- Port

: < freescale i External Use 55 #FTFZO 15



PORT/DIO Modules — Freescale Implementation

IP Modules

Pad Control and Pin Muxing
Port Access:

Dio Write Accesses:

Port__lni_t(...)_ Dio_WriteChannel
Port_SetPinDirection(...) Dio_WritePort
Port_RefreshPinDirection(...) A Dio WritEChanneIGroup
Port_SetPinMode(...) / -
e
PADS
MUX
>
Interrupt
Dio Read Accesses:
— Dio_ReadChannel
Dio_ReadPort
Interrupt Controller —

Dio_ReadChannelGroup

- Configuration
- Glitch Filter

L

L 4
Z " freescale ..... = #rTE2015



LAB1: Blinking LED

Opening a Tresos Project

Adding an AUTOSAR Module to the Project
Parameters Configuration for DIO and PORT
Code Generation

GreenHills Integration

Compilation and Debugging

AUTOSAR Runtime Application Flow

N o o M N PE

L
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Opening a Tresos Project

1. File -> Import -> General -> Existing Projects into Workspace -> Select root
Directory -> Browse to c:\eb\tresos\workspace -> Select Lab1 -> Finish

' space: C:\EB\tresos\workspace - install 8] import LEJM i imo : o
. x = e Import Projects —
Edit Search Pro;ect Window He!p Select \ Select a directory 1o saaech for eaisting Echipse propects. é /A
New 4 ¥ v Create new projects from an archive file or directory. P 4 E l
& ChrleS = [1 Select root directory OB\ resos\workspace ' Browse.., ]
33VE ri+
Save All Ctrl+Shift+S Selectan import source: e
Close Ctri+W type filtgrtgxt ,P = ) ) )
- V1 Labl (CAEStresos\workspace\Labl) | Sebec A%
Close All Ctrl+Shift+W 4@EGeneal 00000 L ‘ : ]
S |12 Existing Projects into Workspace | Deselect Al
e Import.. | > & CVS —
el Export. b SVN :
b @ Team Copy projects into workspace
Switch Workspace » Working sets
Add project to working sets
Open File...
Exit
@ < Back Next » ‘ Finish d
= o = e

L
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Opening a Tresos Project

2. Right click on Training -> select Load configuration

7 ™ : =
[ Project Explorer 53 — 08 '3 Project Explorer £ -
0% - Bg ~
4 8 Labl
a 18 Labl (&2 Training (PA, MPCS74XGl|
¢# Training (PA, MPC574XG) b = config | Load Configuration
i+ [= config b = output Reload Configuration
f» = output
Im- and Exporters...
Module Configurations...
Verify Project
- EB tresos 14.2.1—wodcspac;C:‘\EB\tresos\workspace——‘instaII: Cj\Eé\tresos — -:-: v “u—lg;- =) )

File Edit Search Project Window Help

e - BN A D ] o (Bl S

= /(= Workflows 53 _&¥ Sidebar) — O
POV CAEBET

(25 Project Explorer 22 = O (@) Resource (Resource) &3

oe—
o 2S Resource @ Oty
4 al

4 @ Training (PA, MPCS74XG S No workflow selected.
» @ Base (V1.0.0, AS4.0.3)
> @ Dem (V1.0.0, AS403) || _
» @} Dio (V1.0.0, AS4.0.3) Generai-" Published Information |
> @ EcuM (V1.0.0, AS4.0.3 &
» @ Mcu (V1.0.0, AS4.0.3)

Name (= Resource

> @ Os (V4.0.77, AS4.0.3) ~ ResourceGeneral
» @ Port (V1.0.0, AS4.0.3)
4 @ Resource (V1.0.0, AS4. Name (& ResourceGeneral
@) Resource
b @ config ResourceSubderivative 5748 56
= 74 -
b @& output [3 mpc5748g_mapbga2st Vi

No description available.

L
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Adding an AutoSAR Module to Project

1. Right Click on Training and select Module Configurations...

2. From List of Available Modules select Dio and import it into Module
Configurations List -> Press Ok

[ Project Explorer i3

= B8 @ Resource (Resou

= =
g5 Resource

a =B Labl
4 | Traipino (DA MDCETAYS
- Load Configuration
- @ 1 Reload Configuration
- @5 [
N =
- @5 p Module Configurations...
> @ B
. @ Verify Project
. @y f Generate Project
> = conf 4 Build Project r
> &= outp
Expand All
<

Z “freescale’

. Module Configurations

Module Configurations

/@ilable Modules m}
All Modules -
4 No Cluster (] -
=17
§IE

Adc (V1.0.0, AS4.0.3)
Base (V1.0.0, AS4.03)
Can (V1.0.0, AS4.0.3)
Canlf (V1.0.0, AS4.0.3)

Dem (V1.0.0, AS4.0.3)

External Use

Dio (V1.0.0, AS4.0.3) ‘
&\ 1]

| Default Pre-Configuration:

[McuPreConfiguration vJ

Default Recommended
Configuration:

[<Use Module Default> v]

Edit the table below to change the set of module configurations for this project.

Module Configurations & T T 72 ¥
Enable Generate Module Name
¥l M Base (V1.0.0, AS4.0.3) Base

v WV Dem (V1.0.0, AS4.0.3) Dem

¥ ¥ EcuM (V1.0.0, AS4.0.3) EcuM

¥ ¥ Mcu (V1.0.0, AS4.0.3) Mcu

¥ ¥ Os (V4.0.77, AS4.0.3) Os

% % Port (V1.0.0, AS4.0.3) Port

¥ ¥ Resource (V1.0.0, AS4.0.3)  Resource

@

60

#FTF2015

Info

Module-Id:

Description:

Copyright:

Clusters:

Default Pre-Configuration:

Default Recommended Configuration:

Allows multiple configuraticns:
Mandatory:

Legacy:

Type:

Layer:

Category:

Spec. Version:

SW. Version:

Dio_TS_T2l
Dio BSW i
(c) 2006-2C

Dio

MCAL
ECU Firmw
403 Rev 0
1.00RTM



Parameters Configuration

- Objective

- You start with an empty/initial ECU-configuration. This step describes how to
complete this configuration for your first project. Therefore, parameters will
be modified and containers will be added

- Procedure
- The next slides will show which Containers/Parameters to add/change

- To open a module configuration, double click the module in the Project
Explorer window

- To navigate within a previously opened module configuration, use the
Outline window on the bottom left side

- To change parameter, click on that parameter in Outline window

- To add a container, click on the collection item of this container type (e.qg.
DioPort). You see a listview in the main window which lets you add new
entries by clicking the + button

- To edit a previously added container in the main window, click on it in the
Outline window

L
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Parameters Configuration

- Port

- Open and Explorer the container
“Port”

- Open PortConfigSet 0 container

- Add a PortPin to the container
PortConfigSet 0
- Name: Led2
« PortPinPcr = 99
- PortPinDirection = PortPinDirectionOut

- Dio

- Open and Explorer the container “Dio”
- Go to the container “Dio_Port_0” and add
- a port with the following proprieties:

- Name: Dio_PG

- DioPortld: 6
= Add a DioChannel to the Container “Dio_PG”

- Name: Dio_Led?2
- DioChannelld: 6

3V3_SR
R257 270 ¢
L]
- PG2 | RSB A AD USR LED! R259 270
PGy $S—FPG3 R260.7 A0 USR_LED2 ¢
PG4 Oo—Fo R2625 ~ AL — R261 270
PG5 A P BN
i ||| =t
R269 270
E|1DQR 14 LED'=s are 3MD (1206) ¥Yellow
DNP
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PORT Module Configuration

- Config Variant

'©) *Port (Port) i3

Port

Mame (= Port

P
General PortConfigSeq Published Infurmatiorﬂ

[Cnnfig‘fariaﬂt = VariantPostBuild \ :5?']

+* PortGeneral

Mame = PortGeneral

Port Development Error Detect [ 7 Port SetPinDirection Api £ 7o

Port SetPinMode Api @E 7w Port Versionlnfo Api @ -

L
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PORT Module Configuration

- PortConfigSet and PortPin

€ Pot o)

©IPortPor)

Port

PortContainer

Mame = Port

@

Marme = PortContainer_(

General | PortConfigset = Published Inform ation}

General | PortPin

L
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- v = =
[ Multiple Configuration: PortConfigSet B PortPin ER IR WA=
= . P — Index (= MName [ PortPin.. [X PortPin.. [£] PortPinO..
LT TR rNarrre m TUTLEIT o m TUTLETT v m L
: 0 DCLTCK O O a s
0 (5 PortConfigset0  [%[] R[] 0 X % o %D %D %D E
2 (& paToo ([ @0 (% [ s
3 & paTms [ (% (% O E
[ 4 & Led CYRl % ] B b




PORT Module Configuration

- PortPin configuration

L

Z “freescale’

© PortPory 11

PortPin

Mame (=  Led2

General

PortPin Wpe % R PortPin Wps 1 i
PortPin Ode @ R PortPin Safe Mode @ PR
PartPin With Read Back m ﬂ - PortPin HysteresisControl @ / -
PortPin TTL/Automotive m 7 PortPin Direction Changeable @ P
PertPin Mode Changeable %] i

PortPin Id {1 -= 270) @ 5 - 4

PortPinPer (0 -> 269) RS v -

PortPin Direction PORT_PIN_OUT MR

PortPin Initial Mode 5 | PoRT_GPI0_MoDE -

PortPin Mode 5 GPIO - 7

PortPin Level Value PORT_PIN_LEVEL_HIGH - &

PortPin Output Slew Rate 5 HalfDriveWithSlewRate - 7

External Use | 65
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DIO Module Configuration

- Config Variant
s

Dio

Mame = Die

P
General DioConfigﬂ Published Informati onw

[Config‘u"ariant 5 VariantPreCompile - ﬂvl

« DioGeneral

Mame = DioGeneral

Dio Development Error Detect @ ‘? - Die Version Info Api @ é) -
Do Reverse Port Bits Eﬁ J; - Dic Flip Channel Api @LE ‘;9 -
Do Read fero For Undefined Port Pins @ ‘? - Dio Masked Write Port Api @ é) -

L
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DIO Module Configuration

- DioPort and DioPortid

r——

DioConfig

Mame = DicConfig_0

p
DhoPort
5 DicPort*
Indexss| @& Mame ] DioPortId
[ 0 (= Dio_PG & 6 ]
R
L 4
o ™
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i

DioPort

Mame = Dio_PG

General DioChanneq DioChanneIGroup}

[ Dic Port Id (0 -> 16) 26
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DIO Module Configuration

- DioChannel and DioChannel configuration

'©| Dio (Dia) 2

DioPort

Mame E? D‘ID_P'G

-
General | DioChannel DioChannEIGmup}

E DioChannel
0 [ Dio_Led2 E 3
R
L 4
¥ d ™
Z “freescale Exteral Use | 68

'@ Dio (Dio) i%

DioChannel

r\]a me E:' Diﬂ_LEdz

General

[ Do Channel Id (0 -=> 15) E? 3
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Code generation

- Objective: Generate configuration data
Right click on Training -> select Generate Project
Note: make sure that NO ERROR is reported to Error Log Window

L[ Project Explorer 2 = 8 Dic (Do) 23
mm B - .
nd DioChannel
4 18 Labl
a ¢ Training (PA, MBeETases : : 1
. @3 Base (V1.0.0, | Load Configuration
. @3 Dem (V1.0.0, Feload Configuration
» Dio (V1.0.0, A
% EcuM (V1.0.0 Im- and Exporters...
. @:} Meu (V1.0.0, | Module Coenfigurations...
. 88 0s (V4.0.77, A : : = 15)
Verify Project
. @ Port (V1.0.0, #
. @3 Resource |’|.-"I.[ Generate Project ]
- [= config #  Build Project 3
> = output
g Expand All

L £
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Code Compilation

1. Open GreenHills Project from
DeSktOp/GHS_PrOjeCtS/Lablng File Edit Miew Build Connect Debug Tools Windows  Help

2. Build the project by clicking on 1 e el E”E

\Find. |
3. Lauch the debugger application  ane Type
NP E m LAB1SLabl.api Top Project I
by CIICkIng on 2 B [E srchlabl.gp Pragrarm
B main.c C File
B Tasksc C File
B Startup_vle.c C File
B compiler_used.s Szzembly
[4] tgthstandalone ramd  Linker Directives
B ) MCAL gpj Subproject
0 Detgp Subproject
0 Dem.ap Subproject
=0 Dio.gpj Subproject
0 EcuM.agp Subproject
0 Mcouap Subproject
0 Partap Subproject
£ Schr.gp Subpraject
£ 05.qp Subpraject
) MCAL_generate.gpi  Subproject
£ headersheader.gp Froject
£ tgthresources.gp Target Resources

L £
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Debug and Run the Code

« Download the code by clicking on 1 and then Connect to the target
« Select GHS Probe (USB) (PowerPC 5748G (z4204), Id 0), then press Ok

* Run the code by clicking on 2

- FTEMUmO01 LAB 20b L ab74a02 - M8 TI Daheggnr

E:};&~5MQQQQQ&E!
Stau gn

dLer(INIPDE
Tagm

54 e LOCAL FUNCTION PROTOTYPES -~

nt main(void)

StarvOs {Hod=01) ;

El GHS Probe |USE)

@ PowerPC 57486 |z4204),

Id 0 / <Dirvect hardwvare access> Running
@ PowerPC 57466 (z4204), Td 1 / <Ditect harduate mccess> Running
{2210}, Id4 2 / <Direct hardvare sccess> Running

PowerPC 57456

o
o
|k N e

revurn 02

vare these in the FrolSgk

configurator if deslre

73 void StartupMook(void)
(
C ¢an be used Lo B30 gaonw 6 bafore the firet taak runs *

lc;l_lnlt {):

initializaty

- |
o
R

w | Pug: man -~

£l
@
oMb W

int main(vozd)
{

Starcds (Node0l)

. return O

ERAAARANENNENARARAANTY

....................

void 3tartupHook (void)
{

v | Fie: [sc\manc

» Result: LED2 start blinking with a 1 sec period

L
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Use ¥Which Cannection/CPUY

Please select a connectionCPU 1o use wath
"CAFTRrmDO 1L ABwbis\LabZ\Lab2” or click "Cancal” 1o leave it
unconnacied

GHI Probe (USR] (PoverPC 57486
GHS FPFrobe |(USB} (PowerPC 57486 (z4204),
GH3 Probe |USH) (PowerPC 5748¢ (z210),

Id 3)
1@ 2)

[ New Cornecson. | [ 0K_| [Carnel)

' Fiogc man v




AUTOSAR RunTime Application Flow

. ECU
ECU Startup ECU Runtime Shutdown
Before AUTOSAR OS AUTOSAR Initialization | AUTOSAR Executing | AUTOSAR
Applications Shutdown
! I
Safe State ensured via System Design ' |
! I
I ! I
: RO AUTOSAR AUTOSAR i| AUTOSAR |!
HC Firmware -I- HW/SW R 1|4 o -I-
. SW-C Initialization Application Shutdown
Initialization I :
I I
*HW-Reset *HW Initialization 1| *Start of OS SW-Components 1| *SW-Deinit
sLow-Level Init +Driver Initialization = *System Services in control of : *HW-Deinit
*SW Initialization I *Software Components Functions :
_____________________________________ R NSRS
' Not AUTOSAR
| AUTOSAR

L
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Lab2 Dimming LED

- Objective
- Implementing ADC reads and PWM changes with AUTOSAR MCAL
in context of AUTOSAR OS

- Get familiar with AutoSAR OS

- Environment
- AutoSAR MCAL and AutoSAR OS v4.0
- Tool: Elektrobit tresos Studio 2014.2.1
- Compiler: GreenHills for PPC
- Debugger: GreenHlills Probes
- Hardware: MPC5748G Evaluation Board

- Functional description

- The AutoSAR BSW modules Mcu,Dio, Port, Adc, Pwm Os, EcuM, RTE
are applied to build an application which toggles one LED every second
and dimms another LED

L
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ADC Driver: Functional Overview

- Adc Channel represents a ADC entity bound to one port pin
- NO own RAM buffer

- Adc Channel Group
- A group of Adc Channels linked to the same hardware unit
- Only groups can be triggered for conversion
- Adc driver module internally implements a state machine for each group

- Conversion Modes

- One Shot: the conversion of an ADC channel group is performed once
after a trigger (software or hardware) and the result is written to the
assigned buffer

- Continous: the conversions is repeated for each ADC channel in an
ADC channel group

L
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ADC Driver — Channel Group State Machine
One Shot / Software Trigger / Single Access

Adc_ReadGroup, )
Adc_GetStreamLasgtPointer Adc_StepGroupConversion

H(/ _

Ade_StanG Co i \
¢_StanGreupConversion Ado_StopGroupConversion /
Adc_StanGroupConversicn
converson of all group
channels completed
( ADC_BUSY /
Adc_ReadGroup,
Adc_GetStreamLastPointer

Adc_ReadGroup,
Adc_GetStreamLagtPointer

L
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Z " freescale ..... = #ETE2015



PWM Driver: Functional Overview

- Each PWM channel corresponds to a
hardware PWM on the device

POLARITY = PWM_HIGH

- Pedod - P et o Polarlty
- A parameter PwmPolarity specifies the pin output
level for each channel for dutycycle and off-
Dty Cyclo—am ~a—Outy Chcie—m- dutycycle.

PWM duty cycle scaling
- resolution: 16bit
- range: 0x0000 (0%) to 0x8000 (100%)

POLARITY = PWM_LOW

- ~Pedod e O

gDty Cycle —»‘ tog-Dutty Cycle—m

PWM Time Unit

- Timing is adressed by Mcu. Pwm expects all time
values expressed in ticks.

Type of PWM channel is implementation
specific (e.g. center align, left align, ...)

L £
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LAB2: Dimming LED

Opening a Tresos Project

Exprore PWM and ADC parameters
Create a new OS TASK for LED Dimming
Code Generation

GreenHills Integration

Compilation and Debugging

o A W N PE

L
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Opening a Tresos Project

1. File -> Import -> General -> Existing Projects into Workspace -> Select root
Directory -> Browse to c:\eb\tresos\workspace -> Select Lab2 -> Finish

, "l gt b
| E8 tresos 14.2.1 - workspace: CAEB\tresos\workspace - install (88 mport Import Projects ——
Edit Search Project Window Help Select \ e b K—‘a
. L . -
New L = & v Create new projects from an archive file or directory. H O —— . ]
Save Ctrl+S Select archive fie: Bromse
Save Al Ctrl+Shift+S i b e S Bagjects
Close Ctri+W L iypefierteit [ ! Lab2 {CAEtresos\ workspace\ Lab2) ]  SelectAl
Close All Ctrl+ Shift+W [‘ @General 000 | Deselect Al
|y Sk ekt H H
1= Existing Projects into Workspace |
O
riy Import. I & OVS Refresh
/‘ ’ (-
e Export... % ‘C‘]’ VN | Copy progects ints workspace
[+ (= Team
Switch Workspace » Working sets
Add pregect 1o working sety
Open File...
Exit
@ < Back Next > ‘ Finish g =
o s~ o

L
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Opening a Tresos Project

2. Right click on Training -> select Load configuration

=

==

=

L

Z “freescale’

a K Lab2

¢ Training (PA, MPC574XG)
> [ config
[ output

[E8] 8 tresos 14.2.1 - workspace: C:\EB\tresos\workspace - install: C:\EB'

i 2

= B

T

=

=

a =K Lab2

|2 Training (PA, MPC574X

Gl

[» [ config
[» [ output

File Edit Search Project Window

x| &

Help

Load Cenfiguration

Reload Configuration

Im- and Exporters...

Module Configurations...

Verify Project

Generate Project

BS ~

a 8 Lab2

4 @ Training (PA, MPC574XG)
b @ Adc (V1.0.0, AS4.0.3)
» @ Base (V1.0.0, AS4.0.3)
» @ Dem (V1.0.0, AS4.03)
» @ Dio (V1.0.0, AS4.0.3)
> @ EcuM (V1.0.0, AS4.0.3)
» @ Mdl (V1.0.0, AS4.0.3)
4 @ Mcu (V1.0.0, AS4.0.3)

b @ Os (v4.0.77, AS4.0.3)

» @ Port (V1.0.0, AS4.0.3)

> @ Pwm (V1.0.0, AS4.0.3)

i @ Resource (V1.0.0, AS4.0.3)
b (= config
i (= output

External Use
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@ R 2 #=  Build Project
4 @ Mcu (Mcu) 23\ =8
Mcu e ¢ i
Name (= Mcu
“Generar N _\\McuResetReasonConf‘i McuModuleConfiguration‘ Published Informationl
Config Variant = VariantPostBuild /v |l
¥ McuGeneralConfiguration
Name = McuGeneralConfiguration
Development Error Detect @ g~ Version
Mcu Get Ram State API [ T = S Mcu Init




ADC Driver: Configuration Parameters Exploration

- Adc Group

- Adc Group Actions:
NORMAL CONV.

- Adc Conversion Mode:
ONESHOT

- Adc Conversion Type:
NORMAL

- Adc Trigger Source: SW

L £

: - freesca,e . External Use

Adc (Add) 532

AdcGroup

Mame = AdcGroup_

General . AdcGroupDefinition | AdcHwTrig

|adc Group Action

Adc Group Access Mode

Adc Group Conversion Mode

Adc Group Conversion Type

Adc Group Id (0 -» 1023)

Adc Group Priority (0 -= 255)

Adc Group Replacement

Adc Group Trigger Source

Adc Group Trigger Signal

Adc Group Trigger Timer (0 -> 9223372036854775807)

Adc Group Motification

Adr Granm Straaminn Boffar Blada

#FTF2015

!

ADC_NORMAL_COMVERSION

ADC_ACCESS MODE_SINGLE

ADC_COMNV_MODE_ONESHOT

ADC_COMNV_TYPE_MORMAL

0

0

ADC_GROUP_REPL_ABORT_RESTART

ADC_TRIGG_SRC_SW

ADC_HW_TRIG_RISING_EDGE

0

MULL_PTR

AF STRACALE RIIEEER O LTRICA R



PWM Driver: Configuration Parameters Exploration

Pwrn (Pwm) &2

* Pwm PwmChannel
- Pwm Channel: Pwm_Led1
Marne =  Pwm_Ledl
- Pwm HW IP: eMIOS
General

- Pwm Channel Class:
FIXED_ PERIOD

- Pwm Default Period:
0.01 ticks

- Pwm Default DutyCycle:
50%

PwmChannelld {0 -» 4294967295)
Pwm Hw IP

PwrmeMiosChannel
PwrmPeriodInTicks
PwmPeriodDefault (0 -» 65534)
PwmChannelClass
PwrmPolarity
PwmDutycycleDefault (0 -» 32768)
PwrnldleState

PwmMotification

L £

Z “freescale’ HETE2015
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B B ®

0 A -
eMios - g
SPwrn/Pwm,/PwmChannelConfigSet_0/PwmeMios_0/PwmeM
P

0.01 A
PWM_FIXED_PERIOD - G
PWM_HIGH v F -
15384 &
PWM_LOW - G
Pwm_LedlMotification &



OS Config: Create a New OS Event for LED Dimming

1. Go to the OsEvent Tab -> Right Click on OsEvent_Task1 and select Duplicate
Element

2. Rename the new event to OsEvent_Task?2

*Autosar 05 (Os) 52

Os *Autosar 05 (0s) 2
MName = Os Os
General | OsAlarm | OsAppMode | OsApplication | OsCounter | OsEvent Mame & Os
General | OsAlarm | OsAppMeode | OsApplication | OsCounter | OsEvent . 1
@ Os
B OsEvent* @ Os
Ind;:x = Mame - DsEvent*
0 gr  Add element Id! = N
ndex ame
# Remove element 0 EE——
[= Duplicate element ] 1 (= OsEvent Task? ]
g/ Edit element...

L £
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OS Config: Create a New Task for LED Dimming

1. Go to the OsTask Tab -> Right Click on TASK1 and select Duplicate Element
2. Rename the new task to TASK2 and from OsTaskEvent select OsEvent_Task?2

[T} =
& *Autosar 05 (0s) &2 *Autosar 05 (0s) 53

Os OsTask

o
Mame E" 5 Mame E’ TASK2

| e R e o e oy General | OsTaskAccessingApplication | OsTaskEventRef . OsTaskResourceRef | OsTi

@ Os (@ OsTask
B OsTask E5] OsTaskEventRef
Index = Mame @ OsTaskA... @ OsTask Indéx @] OsTaskEventRef
= = -
U 4L Move element down 1 ll? 0 @ /Os/Os/OsEvent_ Task2 ]
1 1 [E L
gp  Add element
# Remove element
[i= Duplicate element JI
EY Bulk Change...
&/ Edit element...

L £
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OS Config: Create a New OS Alarm for LED Dimming

1. Go to the OsAlarm Tab -> Right Click on OsAlarm_Task1 and select Duplicate
Element

2. Rename the new event to OsAlarm_Task2 and set the params as below

*Autosar 05 (0s) &7

Os

Marne = 0Os

General | OsAlarm . OsAppMode | OsApplication | OsCounter| OsEvent | OslocCommunication | Oslsr | OsResource| OsScheduleTable | OsSpinlock | OsTask

@ Os
B |salarm*
Index = Mame @] OsAlarmCounterRef i= Type [& OsAlarmAl. [Z] Ostlarm.. [ OsAlarm..
0 [ OsAlarm Taskl & /Os/Os/SYSTEMTIMER (5 OsAlarmSetfvent |5 5000 = RELATIVE  [& 1000000 21
[_ 1 (= OsAlarm_Task2 (@ /Os/Os/SYSTEMTIMER [:Z OsAlarmSetEvent |[2 5000 = RELATIVE =] 10000 ]
Geners!  OsMarmiccessingpplication | OshlermAppModeRef
W ORI STEM e, -
@ O:styméeg mangioodcation
N AarmAct
Osdlamacton® OsAlarrGaEvent
OshlarmictvateTack | OrdlarmCallback | DsilarmincrementCounter OsAlsrmSetivent
OrlarmSatEventiat® 8 /020 Oskvene_Yask2 - &~
PstlamSetvenTadRe & JOU0STASR - &~

L £
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Code Generation

- Objective: Generate configuration data
Right click on Training -> select Generate Project
Note: make sure that NO ERROR is reported to Error Log Window

L[ *Project Explorer &3 = B8 @ *Hutosar Q5 (1
=
i OsAlarm
a 8 Lab2
4 |(® Training (P4, MPCSTANGY
4 8 Ade (V100 Load Configuration
Adc Reload Configuration
. @ Base (V1.0.0
. @ Dem (V1.0.0 Im- and Exporters...
- @ Dio (V1.0.0, Madule Configurations...
- 8% EcuM (V10
. @ Mcl (v1.0.0 Werify Project
- B Meu (V1.0, Generate Project ]
- @ 0s (V4077 %4, Build Project
. @ Port (V1.0.0
4 @1 Pwm (V1.0 Expand All
Pwm I
. @:} Resource (VI.OO AS4.0.3) C=hlarrr
- = config
¢ [= output OsAl

L £
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Code Compilation

1. Open GreenHills Project from
Desktop/GHS _Projects/Lab2.gpj

2.Go to Task.c and uncomment

TASK2 body, then save the changes

TAZE (TAZEZ) TASE ([TASEKZ)
i 1
while (1) whileil)
{ r— {
ClearEvent (OsEvent_Taskz) ; ClearEvent (OsEvent Taskz):
Hif 0 gif 1 -
switch(state) switchi(state)

{

3. Build the project by clicking on 1
4. Debug your project clicking on 2

L £

L 4
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CAFTFArtrmOO1AAB2Y ab2.opj - MULTI Project Manager,

File Edit Wiew Buld Connect Debug Tools Windows Help

Bk B B0 o(RsFE
1 2

(Find: vl

I arme

H m®m LAB2\LabZ.gpj
B (B srchLab?.gp
B main.c
By Tasksc
By Startup_vle.c

B compiler_uzed s
[ tgthstandalone_ramid
B £ MCALgp
0 Adc.ap
& Detop
3 Dem.gpj
3 Dic.gp
£J Ecub.gpj
0 Puwrn.gp
3 Mclap
£ Meougp
CJ Port.apj
3 Schrmoop
£ 05.gpi
£ MCAL_generate.ap
B £ header\header. gpj
B Lab2 Ckbh
B typedefzh
By mpch74Bch
C3 tatvrezources.gp|

Tupe

Top Project
Frogram

C File

L File

L File
Bzzembly
Linker Directives
Subproject
Subproject
Subproject
Subproject
Subproject
Subproject
Subproject
Subproject
Subproject
Subproject
Subproject
Subproject
Subproject
Project
Header
Header
Header
Target Resources



Debug and Run the Code

Download the code by clicking on 1 and then Connect to the target
Select GHS Probe (USB) (PowerPC 5748G (z4204), Id 0), then press Ok
Run the code by clicking on 2

FTFAmO01 LAB Dot i ab 7402 - MULTI Dahuggar

o FIT im0 4 wz»hmmun MULTT D bupger

o
o
C TR T

-3
"
E R

NOULTI>

'!OIJDEE}Q ESRERQ88Q LT *

d Executables Labl

int main(void)
(

StarvOs {Hod=01] ;

‘dt!.N-' '!lﬂ @S2 E AR ARAR L EF &
Stalus
El GHS Probe |USEH) —

recurn 0O}

............................................................................
* Fooks [Remssdeor to sctivare these in the FrolSEZK configusator if desire
oo

woid StarvupHBook(void)

(

/% can be used L0 B0 fotw initializatisn before the ficet taak tuns *
Beal Inic():

Soucn W | Fiw [T—— v Pwg man v s

@ PowerPC 5748G (24204}, Id 0 / <Direct hardvare accesa> Running
@ PowerPC 57486 (z4204), Id 1 / <Ditect harduate mccess> Running
PowerPC 574556 (2210}, Id 2 / <Direct hardvare sccess> Running

LOCAL FUNCTION PROTOTYPES ~

int Ncal Inicivoid);

Use ¥Which Cannection/CPUY
Please select a connectionCPU 1o use with
int main(vozd) "CAFTRrmDOTLAB\obis\LabZ\Labh2” or click "Cancal” 1o leave it
€3 1 { unconnecied
61 2
65 3 e Starcds (Node0l) 2
66 4
67 5 . return O3 GHS l'robc (Usns (PuuerPC 5'.'48'; <21200| Ig 3)
Lo ) GH3 Prode |USB) (PowerPC 5748¢ (z210), Id 2)
(=}
e JEEasaRAsETETERAAAAANY
71 * Hooks (Remerwber to
jz --------- TrRRERERRERAYY
73 void StartupHookx(void -
ba 1 y | New Connecton. | |_OK_| [ Corncel)
< r
Sowce v Fie nc\nanc w ' Pioc man v Qa4

Turn the potentiometer and see the LED1 dimming

L
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