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Abstract

Microsoft, working in partnership with the automotive industry, has developed Micr@gaito
4.0, an industryleading platform for communication, entertainment, navigati@md connected
services

Microsoft Auto 4.0, the newest generatiai embedded operating systems from Microsoft, is
designed specifically for developing statkthe-art, in-vehicle infotainment systems. It offers a
standardized, industrproven platform for building communication, entertainment, and service
enabled loction-based solutions. This release includes a large set of integrated, tested, and
flexible middleware components, as welltag hundreds of componentthat areavailable with
Windows® Embedded CE 6.0 Rizese componentsnabk Microsoft Auta;based systms to

scale across a broad rangkautomotive makes and models. Bypitalizing on these tools and
on the broad Microsoft partner ecosystem, suppliers can reduce development cosspaed
time-to-market while extending customers' lifestyles into the idésthat they drive


http://sharepoint/sites/msauto/Internal/Marketing/Microsoft%20Auto%20Launch/Microsoft%20Auto%2040%20Global%20Launch/work%20in%20progress%20-%20technical%20documentation/www.microsoft.com/auto
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Overview

¢2RIFeQa Odzad2 YSNE tainfoniatiol #nd eénigrta@mett BoyirgeS WhilbByR
travelin their vehicles Theywant their mobile devices such asnobile phones portable
navigation devicesand portable music playersseamlessly integrateihto their vehiclesThey
want access to theonnectedserviceghat they have come to rely ansuch asiavigation and
live trafficreportst readily availableCustomersexpecthigh-quality audio and an array of
information and entertainment optiongrom immediate access tmformation servicessuch as
help in findinga nearby restaurantto the cgability to automatically capture and replayade
variety of music

Microsoft is at the forefront of this trend, partnering with the automotive, mohilad
consumer electronics industries to provitkehnologies thatanhelp these industrieguickly
bringfeature-rich, innovative, andosteffectivesolutions tothe market. The Microsof®Auto
4.0 platform isa development platform that includes an extensive software frameworkand
hardware reference desigihat arespecifically engineed for the automotive industry
Microsoft Auto 4.0empowersapplication designer® develop a variety of integrated solutions
that canhelp customersget to their destinatiorwhile keeping thentonnected to the people,
information, servicesand digital entertainmenthat matter to them.

This white papergA Technical Companion to Microsoft Auto 4 iBtroduces Microsoft Auto 4
and themanybenefitsthat it provides to automakers and tier 1 suppligitsalsodescribesnany
ofthe LX I (i Tugidudyféniuresn detail

Thiswhite paper is divided into several sections:

1 Thefirst section,The Business Case for Microsoft Auto, diScusseshe challengeghat
automakers and suppliefacein bringing integrated solutions to markdt also
explainshow the Microsoft Auto 4.0 platform helpsovercome tltosechallenges by
providingthe foundation for quickly and reliably creating a broad ranfjextensible
customizable, and advancedwehide solutions.

9 The second sectioeep Dive into Microsoft Auto 4.@rovides a close look atany of
the featuresof Microsoft Auto 4.0

9 The third sectionDelivering aMlicrosoft Auto 4.@Based Solutiordescribeghe tools
that areincluded inMicrosoft Auto 4.C(for buildinginnovative solutioswith features
that drive sales and build customer loyalty.

91 Finally, thiswhite paper includes a summary, linksfurther information, and
appendices that delvéurther into someMicrosoft Auto 4.(features.It also includes an
extensive glossary that definéise terms andthe acronymshat areused in ths white
paper.

Note: For the latest information about Microsoft Auto, visit the following Web site:

http://www.microsoft.com/auto/ma.mspx
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The Business Case for Microsoft Auto 4.0

The market is ripe for a new generatiofin-vehiclesystems. Consumers increasingtg
demanding orthe-go access to multimedia content and productivity applications; they want in
vehicle infotainment solutions that let them use their existing digital devices and formats,
including mobilgphones, MP3 players, DVDs, and CDs. They want innovative, connected
services for entertainment, driver assistance (such as navigation and emergency calling),
productivity uch ase-mail, Web browsing, and calendaring), and communication (including
conferencing and calling) all seamlessly integrateds if the vehicle was just another node on
the home and office network.

The Infotainment Market Opportunity

There is a healthy market for{wnehicle infotainment devices and servicResearch from the
U.S. Deprtment of Transportation anthe National Highway Traffic and Safety Administration
estimates that Americans spend more than 500 million commuter hours per week in their
vehicles and that 73 percent of mobile phone users talk on their phones thibjeare driving.
Consumers report that they would frequently use services such as lodaaiged search and
digital audio entertainment anthat these services would substantially affect their willingness
to switch car choice or mobile operatots

Handsfree driving legislation has been adopted in a number of countriesldu&kstates. This
has lead to significargressureon OEMs t@reatecosteffective solutions for the provisioning
of handsfree devices and has led tarigein consumer demand for BluetooBwireless
technology The European Union is considerimgkingeCall a mandatory service éfl new cas,
potentially propelling Europeatelematicsto the forefront and drivinghe inclusionof speech
and Bluetooth technologin in-vehiclesystems.

TheY I NJ SiG T2 NJ di3asd §olvingas @gardzatibnBoyitiue to explore new ways
to address thencreasingnarket interest inpreservinghe environmentandto comply with
environmental legislationEnvironmental dbrts at Microsoft are focusedn using technology
to help solve environmentadhallengesMicrosoftseesit as a key responsibility toelp enable
OEMs tabuild their environmentdly friendly concepts on the Microsoft Auto platforriRor
example with the Microsoft Aut@poweredBlue&Me, FiatAuto Groupwasable tobuild the
eco:Drivesolution, whichhelps consumers monitotheir cars behaviorandtherefore become
more environmentally considerate.

* ABI Research 2008
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Introducing  Microsoft Auto

Microsoft Auto aims to bringhe vehicle intal 2 R Idigit@ Efestyler Microsoft Autodelivers
entertainment and communications featureand it provides the opportunity tdrive new
revenue through remote servicellicrosoft Autoalsolets automakers and their partnemsove
closer to their customers, endhty them toaccurately matchmobility products and services to
thosewho demand them(See Figuré.)

GET MORE DONE STAY IN TOUCH HAVE MORE FUN

Ej Windows e

Media Player

Mlcrosoft Auto

Figure 1. Microsoft Auto: Bringing the digital lifestyle into the car
Microsoft Auto is based on a vision &mrich the invehicle experience for drivers and
passengers by bringirige mass markean industryleading platform andy enablingservices
for communication, entertainment, navigatipand information

1 An enriched in-vehicle experience for drivers and passenger$ie technology in
Microsoft Auto is designed to enable eakyuse, appropriate experiences for the front
and rearvehicleseas, facingdrivers and passengers alikio stay relevant, the platform
provides update capabilitieghesehelp ensure stateof-the-art supportfor modern
consumer electronic devices through device updatedservice content.

1 Anindustry leading platform and serviceMicrosoft Autoreducesthe cost and time
to-market oftelematicsand irfotainment solution developmeny providing a platform
with integrated communicatioandentertainmentfeatures and by providing a
connectivity platform fomavigationand informationservice featuresit provideshe
toolsfor creating unique solions that help automakers and suppliers set treatves
apart from the competition

Microsoft Auto 4.0 Platform Overview 7



1 Integrated @mmunication,
entertainment, navigation, and

Microsoft Auto is committed to

information. The integrated ZITENTE)

components in Microsoft Auto help 1 Integrated features Including high
automakers andier 1 suppliers quality stateof-the-art

connect drivers with a wide range of communication, navigation,
devicesservicesand technology, entertainment, and service features
including handsree Bluetooth at low cost.

phone communication, media and
mobile device integration, rich
contentthat isdeliveredthrough
connected services and higidelity
digital entertainment.These

A robust platformfor infotainment
Providing a platform to reduce risk,
shorten time to market, and drive
downthe overall cost for suppliers

) : . andautomakers
technologies are not delivered in
silos, separated from each othas Rich tools Using industrnjteading
individual componentsinstead they tools for application and HMI
areintegrated to provide a seal@ss development by engineetand
experience for customersdicrosoft designers.

Auto does not define or require a
specificoperation concept or
humartmachine inteface (HM).
Therefore the infotainment system
canmatch the lookandfeel ofthe
Fdzi2YlF1SNDRDa 2NJ Services Enabling onnectivity to
target customer. Web-based services content to
deliver readtime information,
entertainment and security for
drivers.

Relevance Upgradable to evolve
with consumer trends and
technology whichimproves
customer satisfaction and loyalty.

9 Forthe mass marketThe Microsoft
Auto platform lets suppliers reduce
design and engineering coss that
they cancreate devices at a lower pelevice costMicrosoft Autoprovides the ability to
get to market faster through the use of standaed components and partners
Therefore automakersanbring featureghat wereonce found only in luxury vehicles
to consumers of any vehicle across all model lines.

Benefits of Microsoft Auto

As a worldeading developer of operating system software, the choice of Microsoft for a robust
and reliabé operating system islear. Over 80 percent of information technology resourcesaon
typical manufacturinglant floor run on Microsoft platforms and technologiegichrepresent
some ofthe most missiortritical elements o&nIT infrastructureMicrosoft has many years of
experience in the consumer electronics and services sector and is ideally suitedvioling
standardinterior vehicleinterfaces so that drivers can use their own portable deviBgs.

providing standard interface(orapplication programming interfacesP1$), Microsoft can save
automakers and suppliers the time it takes to develop d&sinctions, leaving themde to
customize their produst Some of the benefits of usirsiandard Microsoft interfacgare shown

in Figure2.

Microsoft Auto 4.0 Platform Overview 8



PROPRIETARY, CUSTOM- MICROSOFI
BUILT SOLUTIONS SOLUTIONS

HMI Layer HMI Layer

i i App interface Specs

Application Layer
| Modia | Phone | Nav_ | Media | Phone | Nav
Operating System

HW Interface Spac

Operating System
HW Platform

HW Platform

ROBUSTNESS  Namrower Test Environment
AND RELIABILITY  \owbecause these are dovelopod to sutt one vehicle

SOLUTION COST  comparatively very high because of large OFM

Less Time for Innovation
RATE OF  possibility of innovation is these, but there is
INNOVATION  development cost in addition 1o the basic

Infrastructure cost
Low Reusability Highly Reusable Components
HARDWARE AND Hardware and software are designed and devedoped for Astandardire Tan aver betwee nardware and
SOFTWARE REUSE  a particular application, 5o the opportunity to reuse is 9 RPN chrie :
very hmited
single Purpose Solutions Highly Flexl

FLEXIBIUTYAND wwm“MMn g Faxibityals
DIFFERENTIATION  fromeach other by nature, while flexibility depends on

the platform design

Figure 2. Benefits of Microsoft Auto
According to the 2008 Best Global Brands Lishtsrbrand, Microsoft is the third strongest
brand worldwide with a brand value of over 59 billion®dollars. This is a unique asset that no
other player in the automotive supplier environment is able to offer.

Microsoft Auto Service Center and Modul e

Microsoft Auto 4.0 provides the ideal platform for creating compelling, connected experiences
for in-vehicle consumptionSolutions that satisfyustomer demand for connected servioesn

be prototyped withthe productionready connectivity and networkinplatform technologyhat
isprovided bythe Microsoft Auto Service Center atite Microsoft Auto Servicklodule. These
usemany Microsoft assetgincludingMSN®, TellMe, MSN Direct, and\ Yy 3 n a¥wellds 0
Microsoft partners.

The Microsoft Auté@ervice Modulgrovidesan environment for prototyping connected service
based customer scenarios in a very rich and stable environment. The s¢hétaseavailable
for development purposes include:

1 Local business listings, weatheand gas pricesThis nformation, which is licensed by
Microsoft for redistributionjs provided to customers through a Microstibsted
infrastructure. This use @ existing content and delivery infrastructure affords

Microsoft Auto 4.0 Platform Overview 9



economies of scale across aggregated service delarehpenefits servicebased
business models.

1 A slution framework for aggregating locatiobased servicesThe solution framework
is composed of adapters:kaisiness adapter provigghe infrastructure for reportigy
and attaching business modelsli@nseadapter manages device and partner access to
services and aprotocol adapter optimizea delivery-based integration model. This
streamlines the introduction afiew services to customers.

1 Microsoft Auto client componentsMicrosoft Auto Servicesxposes tie Win32 API to
developerswhichreducesthe cost of service integratiodicrosoft Auto Servicealso
supports existingn-vehicleHMI models to ease adoption.

To use the Microsoft Auto Service Modweu can build an application that enables users to
guery the search provider artd viewthe search results on a Microsoft Aufoowered device.
You can also integraggoint-of-interest PO) data with a separate thirgharty navigation
application so that users can view the location of the POI on a maphtgeith the POl name,
the addressthe telephone number, and other useful informatiowith the POI plotted on a
map, a thirdparty navigation application can generate tdog-turn directions to the POI from
the currentGlobal Positioning Systef@P$location of the Microsoft Autgpowered device

Microsoft:  The Right Partner for You

Microsoft Auto brings the advantage of partnering with Microsoft, a known, stable company
that hasa long history of customer commitment.

T Microsoft is committed to Key reasons why Microsoft is the right
partner for you:

understanding and serving
consumersat work, at home, and
on the go. Microsoft products and 1.We deliver stateof-the-art software
services reach more than 420 platforms.

million households, delivering
digital experiences to more thaa
billion consumers every month.

2.We applyour software assetfor
lower project implementationisk and

. i ) faster time to market.
1 Microsoft is committed to planned

innovation that evolves 3.We employ a collaborative approach
predictably, innovation that is to achieve solution fit and knowledge
compelling today and remains transfer.

compellingtomorrow. Planned
innoSatior?; eliminate the risthat is - Uit ales prulnls Sl

I 3320AFGSR 6AGK technology centers to conduct
NBLX I OS¢ .Those S NY I efficient and professional projects.
alternativesmay seem worthy
today, but ifthey arenot financially supportedhey will not be there tomorrow which
potentially leaesthe responsibility for ongoing maintenance, support, and technical
evolutionto others

Microsoft Auto 4.0 Platform Overview 10



Partnering with Microsoft alsmakes the best use oélevant Microsoft assets, as shown in

FHgure3.

Platforms and Tools

W Visual Studio
| Expression Blend
@ Siverlight

I -

e ceso

Service Infrastructure

: Microsoft adCenter

| lelime.
msn"’
oiINg

msn®’ Direct

Consumer Products

2 zune

£ Visbile

@ XBOX 360
O u

7~ Surface

J

About Us

Figure 3. Microsoft assets

: Microsoft Automotive Business Unit

and Ecosystems

Microsoft created the Microsoft Automotive Business Unit (ABUPBE The ABU a
multidisciplinary grouphat iscomposed of product developers and business leaders in North
America, Japan, and Germanig a dedicated partner to the automotive industry. It provides
innovative technologies and flexible softwaracluding Microsoft Auto 41 to help deliver
reliable, easyto-implement, and coseffectivein-vehicleinfotainment solutions.

The ABUhas offices in all the major geographies for autometilevelopment, as shown in

Figured.

..........

i

........

i

Figure 4. Teams located near the main centers of automotive development
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Microsoft Auto Development Ecosystem

Both Microsoft and custons are working toward a common goatleveloping higkguality in-
vehicleinfotainment devices in the shortest time possilaled in innovative ways. The Microsoft
Auto development ecosystemvhich includes Microsoft engineering and the Partner Response
Team,providessupport options tchelp ensure thatthis goal is reached.

Microsoft Engineering

The headquarterbased engineering team develops the platfothe applicationsthe

middleware the online servicesandthe tools that makeup the Microsoft Auto gstem.Located

Ay (GKS ySg a{GdzRA2a 2Saité¢ OFYLdza Ay sdsey2yRI 2
with the engineering teams of most of the componetitat are providedtogetherwith

Microsoft Auto, including Windov®&Embedde CE, Zur@ and Windevs MobileR This

proximity enables closeollaborationbetweenthe engineering teamandprovides a unique

opportunity to stay well connected to the communication and entertainment trends in the

consumer electronics world. This tight relationship helpspkigkcrosoft Auto at the leading

edge of innovation.

Partner Response Team

In addition tothe standard product suppothat Microsoftoffersin several payment models,
Microsoft Auto also provides aess to a team of highly skilledsources called the Partner
Response Team (PRT).

The PRT options give customers the opportunity to securerABiaged engineering resources

that arededicated tothe success of their project¥hese resources will work on any taskat

the customesand Microsoft agree are appropriate, particularly focusing on project elements

that are technically complex andfficult to implement.The ultimate objective of the PRT
SYyaaAySSNE Aa (2 I O-OmbrNdnditGmakeisSthatiheprej&Oi Qa G A Y S
satisfies all of the necessary requirements.

Automotive Business Unit Partner Ecosystem

TheABU partneecosystem connectidlicrosoft, tier 1 suppliersand otherindustrypartners in a
thriving community of Microsoft pltform expertise.tlis ameansto identify partners of every
type, all around the worldndat every phase of the development cyclelpingautomakers
and supplierdind and supportheir next customerThe partner ecosysternan helpautomakers
and supplierdringtheir productsto market faster, drive down overall cost, and gain
competitive advantage in the marketplace
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The ABLlpartner ecosystem provides simplified discovery of qualified independent software
vendors, system integratorand hardware vendors. Providing techaitraining and support for
this growing partner community is also at the forefront of the expanding Microsoft Auto partner
program.(See Figure 5.)

Tier 1 Supplier/Device Maker - Independent Software Vendor
Develop end-ta-end solutions for PA R rN E RS Provides middleware applications

vehicle makers for the Microsoft Auto platform

Silicon Vendor

Provides the silicon chipsets for
embedded devices

Train e
Authorlzedto provide Microsoft
Auto platform training

Online Service Provider
Provide “cloud based" data
services which add value to the
device experience

Hardware/BSP/driver/application
development, integration,
and testing

Figure 5. ABU partner ecosystem

TheABUpartner ecosystem provides automakers and suppliers with increased business
opportunities,market awareness, and technology advice to buogatgeneration infotainment.

9 Forautomakers Grow the business and getmart, connected devices tbe market
faster. Gain strength in the marketplacand differentiate from the competition.

1 For suppliersShorten developmentime and risk ofdevelopment delayby usinga
robust and extensible platform with inherently flexible entertainment and
communication applicabinsthat arebuilt in.

Througha broad partner ecosystem, leadership in the consumer maked,over a decade of
experience irthe automotive industry, Microsoft helpsutomakersand suppliers accelerate
telematics design cycles to quickly adapttmsumer electronigtrends and imovations.

a A O N2 éngoigi cOrimitmento the automotive industrnhelpsensure that vehiclesanstay
relevant withfeature updatesdevice compatibility updates, and drivepdates whichkeep the
platform connected tonew devices, applications, and content.

Success Stories : Microsoft Auto on the Road

In 1999, Microsoft developed the first infotainment systefuto PC Auto PC won a "Best of
WK Q& b S g bPopularShidhcat deived an "Excellent” rating asiavigation
system from a leading consumer product rating publicatidmo PC was described
“revolutionary," "redefining the industry,” and "innovative
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Today, drivers and passengers can experience Micrastdimotivetechnologythrough
Microsoft Autoin more than 80 vehicle models worldwideigure 6 describes some of the
solutions that use the technology built into Microsoft Auto to satisfy evolvirgjaenerneeds.

SYNCv3

\fIT)) eco:Drive, Blue&Me ora ) S
( o i ~ Ford Work Solutions
eco:Drive SYNCv3

Driving tips for CO, reduction Traffic, directions, and information
Navigation and Services in | Ford Work Solutions: Productivity
Blue&Me Nav: Info Service and solution with navigation,

Drive Me, SOS Emergency, Online ' telematics, and Internet access

\\ Insurance Services /,'

'-‘APartnershlps Key to Innovation
System integrators, independent software developers, and
_ service providers are key to successful innovations. |

Figure 6. Microsoft Auto success stories

Fiat Blue&Me

Fiat Auto Group and Microsoft jointly developed the infotainment system Blue&Me, which
empowers customers to connect their personal mobile devices with the integrated solution in
variousvehicle models from Fiat, Alfa Romeo, Lancia, and Fiat Light Commercial V&higles.
infotainment conceptwasnew and innovativeand thesolution wascompletedin less than two
years As of March 20Q%ver 700,000 Fiatequipped withthe MicrosoftpoweredBlue&Me

have been sold.

This competitively pricednfotainment pa&kage is voice controlled andcludesBluetooth

wireless technology andniversal Serial BublEB connectivity whichallows drivers to connect

to a large number of maile phone modelsind media players. The Blue&Me system is based on
a modular structure and can therefore be easily updated to support different services. For
example, customers can download language packs from th&\Fhtsite and update the

system to spport a languagé¢hat wasnot originally installedCr, customerscanadd a new
applicationassoon as ibecomesavailable.

1 Blue&Me Navextends the phone and media functionalities with a GPS systenamnd
embedded phone. It provides a simple, uséendly satellite navigation systethat
usespictograms and itcan be activated by woe commandr by buttons onthe
steering wheelBlue&MeNav with Servicesffersemergency, information, and
insurance services that can be personalized.

1 Blue&Me MAPIis a multifunctional portable navigator thagives drivers a completely
integrated and connected infotainment experience. With an original dakiginwas
developedtogetherwith Magneti Marelli specifically for the Fiat 500, the device
represents a nevirontier in the portable navigation systems market.

9 Fiat eco:Drivds another step in @ating innovaive applications It collects althe
necessary datéhat relatesto vehicle efficiency and, through the Blue&Me USB port,
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transmitsthe datato astandad USB key that driveplug into acomputer. The
eco:Drive system presents driwwith the detailed environmental performance of the
car, including the C&&mission level for each trip. It analsthe drivers'drivingstyle
and provides tips and recomendationsfor modifications toreduceCQ emissionsand
to save money on fuel.

TheMicrosoft partnershipwith Fiathas garnered several industry awards for innovation,
includingthe following:

1 The "Excellence in Technology of the Year Award for Europatomotive Telematics
and Infotainment Mirket" from Frost & Sullivan

1 The "Telematics Update of Detrditwhich recognized Blue&Me as the béstematics
solution of the year

9 The "Eurostars 2006" prize from Automotive News Europe

Ford SYNC

Ford SYNC is actary-installed fully integratedin-vehiclecommunications and entertainment
systemthat wasdeveloped by Microsoft anthe FordMotor Company SYNC provides drivers
with handsfree voiceactivated control over mobile phones and digital music playlérs.
automatically connects phones and music players with the vehiale’shiclemicrophone and
sound system. Most popular media players work with SYNC, including iPod, ZurferBlays
verified devicesand most USB storage devices. Supported audio forineiisde MP3,

Advanced Audio Codirf@AQ, Windows Medi®@Audio WMA), andWaveformAudio Format
(WA\).

SYNC is based on AdvancedRIS@®/achine(ARM 11 processothat has64 megabytes (MBf
dynamic random access memoByRAN and 256 MB of flash memory. Customers can use the
USB port to update the software to work with the nest personal electronic devicetis is an
important advantagebecausecustomers tend to change devices more frequently than they
change vehicles. SYNC debuted in the fall of 2007 on 12 different 2008 models of Ford, Mercury,
and Lincoln vehicles. By tlead of 2009, Ford will install SYNC on all vehicle models.

Automakersand tier1 suppliers can ensurénat their systems stay current with the latest
devices and services thanks to the inherently flexible design andibsittftware update
mechanisms of Microsoft Auto. Unique solutions and customized user interfaces can also be
easily built on top of the exing platform.

1 Ford Work Solutionss an indash computethat wasdevelged by Ford and Magneti
Marelli andthat ispowered by Microsoft Autolt provides full higkspeed Internet
acces®verthe Sprint Mobile Broadband Network and navigation by Garitiiis
system allows customers to print invoices, check inventpéed access documents
that arestored on their home or office computer netwonksight from the job site.

1 SYNC with Traffic, Directiopand Informationexpands Ford's connectivity leadenshi
by providing personalized, retime information to help driverseach their destination
with the information they need. SYNC with Traffic, Directians! Informationwas
developed in partnership with TellMe, a Microsoft subsidiaryttenMicrosoft Aub
software platform It provides simple handBee access to personalized traffic reports,
precise turnby-turn driving directionsandup-to-date information including business
listings, newsandsports and weather updates.
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I 911 Assistan update t&SYNC, connestirivers and passengetisrough their mobile
deviceto 911 operators in the event of an airbag deployment.

Continental Multi Media Platform

Continental uesMicrosoft Auto forthe ContinentaMulti Media Platform (MMP), which

provides powerdl, secure, flexible, and easy-update invehicle multimedia systems. The

MMP software architecture clearly separates vehicle functioos functionsthat arerelated

to entertainment featureswhichmakesit possible to quickly react to future innovatis and

market trends. In the MMP hardware design, Continental uses a scalable concept to ensure top
performance at high integration. For higind systems, another CPU and graphics processor
provides additional power for online services ghtee-dimensioral graphics applications.

The hardware is equipped with standard consumer electronics interfaces, so that mobile devices
(such as USB storage devices, iBedces, orScureDigital [SO cards) can be easily networked

with the MMP. The MMP atsprovides aluetoothwireless technology interface, so that
consumers can use mobile phones for hafrde phone calls or mobile data services.

Awards for Microsoft Auto

Microsoft Auto has a historyf@uccess, as deonstrated by the following awards

Table 1. Awards for Microsoft Auto

Four industry awardmcluding
9 Automotive News PACE Award
for Microsoft Auto
1 t 2013z I NJ aSOKIyAOa
Choicefor SYNC
Three industry awardscluding
1 Bluetooth SIG Best of CES 2008
for SYNC
Ten industry awardmcluding
1 /b9¢ O9RAG2NIDRDA / K2A
9.0/10.0for JVC KINX5000
(Windows Automotivepowered
device
Seven industry awardscluding
1 J.D. Powers & Associates
Customer Satisfaction Awarfbr
lfLIAYSQa 2AYyR264a !
powered device
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Deep Dive into  Microsoft Auto 4 .0

Microsoft Auto 40 is an ideal application development platfobracause iprovidesa rich
programming environment tha@mpowersapplicationsoftwaredevelopers tae ableto add

their ownfunctionality. The flexible Microsoft Autd.0 platform targets a wide range of devices,
including connectivity gateways, connected radios, multimedia devices, and navigation head
units.

This section of the papeakesa more detailed lok at the components of the Microsoft Auto
4.0 platform.First,the paper discussdbe individualcomponents of the platform. Then, the
paper describes how these components work together to provifleuadationfor a range of in
vehicle devices.

Microsoft  Auto 4.0 Components : The Basic Building Blocks

Thefollowingdiagram gives an overview of the various building blockstisdteup the
Microsoft Auto4.0 system Smeare provided by Microsoftand othersare providedby
partners.

HMI Layer
Human Machine Interface
Graphics: GDI Speech Service Graphics AP (e.g., OpenGL/OpenVG)

iRllAVigation and Other
HEREstom Applications
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Board Support Package (BSP)

Microsoft Development Platform Supported Architecturés Tier 1 Developed
Hardware

Microsoft Development Platform m Tier 1 Developed

B vicrosott [l mers L Third party

Figure 7. Microsoft Auto 4.0
Microsoft Auto 4.0 includes thiollowingcomponents

1 Hardware The Microsoft Auto development platform is a hardware implementation of
all Microsoft Auto features thacilitates rapid prototypingThisdevelopment
reference platform is built oa Freescale i.MX35 processOther hardware optionsire
available fromMicrosoftsilicon partnerswhichinclude Freescale, IntalVIDIA
Renesas, Samsuranpd Texas Instruments
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1 Board Support Packag€BSR)/ Drivers. BSPs and drivers are available in the Microsoft
Auto 4.0 Platform Development Kit (PDKylahrough hardware supplier$he
Microsoft Auto 4.0 PDK includes BSPsafdr ON2 42 F 1 Qa RS @St 2LIYSy i NBTF
based orFreescale i.MX31 and i.MX35, &sxnstruments Jacinto EVM, and Renesas
SDK 7788ntel plans to have an Intel Atofbased Microsoft Auto BSP availableha
autumnof 2009.

1 Microsoft Autobase operating gstem. Microsoft Auto 4.0 is built okVindows
Embedded CE 6R2and waswritten from the ground up to provide @mponent
based reattime operating system for embedded devices.

1 Microsoft Auto middleware. Microsoft Auto 4.Qorovidesa rich set of middleware and
services, including a Bluetoottireless technology stack, phongodules andradio and
mediamodules Thesemodulesenable the creation of integrated applicatigrssich as
hands-free phoning, media device integratioand CD and radio support.

9 Microsoft Auto application coresThe application cores are thmostvisible part of the
software platform. The APIs are organized and structimea similar way to the desktop
version of Windowsso thatprogrammingknowledge and techniguesan be reused.
Thismakes it possibléor new development resources to be deployaad made
productive more quickly. The applicat®hnave beerdesigned sdhat the HMl is easily
separable for example, the media player is composed of a media player cora and
supplierprovidedapplication HMI.

1 Third-party and HMI applicationsUnique,innovative components can be easily
integrated into the system at any lelof the software stackidditionally, OEMs and
suppliers can chose from many development tools and runtime libraries, including
OpenGL/OpenVG and Graphics Device Interface (GBy&optwo-dimensionalor
three-dimensionalgraphical HMIs. The layered software architecture permits changes to
the user experience withouthanges t@pplication functionality and provides additional
asset scalability and reusabilififhis portion of he application can be easily chatlge
without disturbing the underlying application.

Hardware Design

Hardware options:

Support for InteiA86 processors
Support for Renesas Stédsed processors (SH7785)

Support forFreescale i.MX 31 and i.MX35
Support forTexas Instruments Jacinto
Microsoft Auto can run on processors that use the ARM v4, SH4 , and x86 instructiol

Functionality and features @ system rely on fundamental primitivélsat aresupportedby the
base system hardware compents Such as management of device power states and
transitions, management of NAND flasimd support for data transfer over USB portsand
these are supported by the hardware reference design.

Microsoft Auto 40 supportsa hardware reference desigrMARPE, that isbased on the
Freescale i.MX3microprocessorThis desigprovides a good match for modernuhicle
infotainment andtelematicrequirements.(Note that sippliers provide the final hardwargThe
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hardwarereference desigapproximatesan automotive head unitincluding an optical dis

drive, networking supportand a multimode radio receivénat supports a number cdnalog
anddigital transmission technologies. The reference platform also comprises a flash disk drive
that hasa data transfer rate of 2RIB/sec.

The Microsoft Autat.0 software isalsocompatible withother ARMbasedand SuperH $H-
basedmicroprocessorandnow supports Intebrchitecture processorsncludingthe newest
options for the Intel AtonZ5xx series processors that offer an industrial temperature range
Microsoft Auto 4.(also includes 8SHor the Texas Instruments Jacirf®YMprocessorandthe
Renesas SDK7785.

The hardware reference desigrses256-MB NAND flash memory to store the eating system
image, the applications, the speech engines, and additional application datap&heing
systemimage is partitioned during build time into amageupdatefile system(IMGF$region
and one or mordransactionsafe FATTFAT regionsReadonly portionsof the NAND flash hold
the Initial ProgranLoader(IPL)the Update LoadefUPL), the device parameter storeandthe
field-programmable gate array (FPGAconfiguration modules. The IPL is only updateaineugh
Joint Test Action Group (JTAGprogramming. The Secure JTAG feature of the CPU prevents
unauthorized access to this region.

Note that the developmenthardware reference desigs not mandatory to build evicesthat
arebased on Microsoft Auto.8. Qupplierscan choose one of theupported processor
platforms that ship with Microsoft Autd.0, or they may choose to develop a Windows
Embedded CE 6BSHor another processor familyvicrosoft provides dcumentationthat
describeghe requirements fortransforminga standard Windows Embedded CE 6.0 BSP into
one that can fully support the functionality tie Microsoft Auto4.0 platform. Because of the
layered architecture, the operating system, middleware, and applications should not be
significantly affectedvhena standard Windows Embedded CE 6.0 B$Bpurposednto one
that supports Microsoft Autd.0.

For alditional detailsaboutthe developmenthardware referene desigrandfor a schematic of
the develgpment platform seeAppendix 2 Microsoft Auto Base Components and Hardware
Reference Design

Board Support Package and Systems

Included board support packages:

Renesas SBK/85 system development kit
Microsoft MARPF1 and MARPF2 development hardware basEdeescalé. MX31
andi.MX35 processar

Texas Instruments Jacinto processor and the EMMIS320DRA446) prototyping
circuit board

Boot times measured by Microsoft on the Microsoftgo hardware reference design:

9 First drivers440 msec

f Radio:680 msec

9  Minimal shell: 14 sec

9 Full sample applications: approximately 5 sec
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TheBSHs the hardwarespecific code that typically consists of the boot loader, the OEM
adaptation layer (OALjhe runtime configuration filesand boardspecific device driver3he
BSR in Microsoft Auto are provided in source code so that they can be miztd and adapted
to the actual production hardware to be used.

Microsoft Auto 4.0startsfrom flash memory instead of from fixed disthichgreatly redues

the boot time. As measured by Microsoft on the Microsoft hardware reference dedigrinst

drivers arestartedonly 440millisecondsafter the platform has been powered on, and the radio

is operational afte680millisecondsForm2 NB Ay F2NXIF GA2Y Fo2dzii, GKS 062240
seeAppendix 3: BooTimes

TheOAL includes the lowe#tvel components that initialize the CRble peripheralsandthe
other hardware modulesThe OAlincludes code to handlimterrupts, timers, power
management, anéhput/output controls (OCTLDs The OAL interacts directly with therdware
and abstracts the specifics of the hardware from the upper layers. The OAL is typically built
whenthe BSRs developedit isbuilt as a library (HAL.lib) atidiked into the overall kernel
executable (Nk.exe).

The hardwarespecific device driveris Microsoft Auto4.0includeboot loadersBluetooth, USB
2.0 Host, NANTlash, and networking driverost of the driversare based on théwo-layer
Windows Embedded G&odeldevice driver (MDDplatform-dependent diver (PDD driver
model

9 TheMDDlayer is completely platform (hardware) agnostidmplements all operating
system entry points and accesses devices indirectly thraugliPDDayer.

1 ThePDD layedirectly accesses device hardware and is specifically written to the
specified platformThePDD layer almost always nestd be modified when a new
hardware platformis adopted

Boot Loaders for Microsoft Auto 4.0
Microsoft Auto includes the followinigoot loaders

9 Step LoaderThe Step Loader is the initial softwahat isloaded from storagend is
usually of a fixed siZ2 KBon the MARP2). This module must be placed on the first
block of the NAND flash.

The Step Loader performs the following task

1. ltinitializes and configures the CHOr(example disables interruptand
configures thememory management unitMMU], the cache the coprocessor,
the ARM peripheralandthe synchronousdynamicrandomaccessnemory
[SDRAN).

2. ltrelocates itself intaandom access memoriRAM.
3. It copies the IPL into RAM ariten jumps to thelPL.

Patformsthat do not supportstarting from NAND flash must suppatarting from NOR
flash and aNORbased Step Loader must be created. In this scenario, a dummy Step
Loaderisadded to the imagé¢hat isflashed to NAND.
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9 Initial Program Loader (IPLYhe IPL module determines the device mdaermal boot,
update, or developmeniode)

The IPIlperforms the following tasks:
1. It decides which image tstart depending on the boot modghe runtime
image,the Update Loader, or a boot loader image suchthe Ethernet Boot
Loader EBoo}).

2. It locates the image by reading tldevice parameter storedPS andby
retrieving the datdor the location (on the flash memory the image size, and
the jump address on the SDRAM.

3. It copies the image from NAND to SDRAM and then jumps to the image.

91 Ethernet Boot Loader (EBoofJhe EBoot is loaded by the jilenables thdaunching
of resident images athe downloadngand flasling ofnew images onto the board.he
EBootis a development boot loader that provides a simple menu interface thabean
configured or customizé to expand upon the default menu optiotisat are present
(such as providing test suites for exercising hardware or launching custom boot [paders
Note thatthe EBoot is not part of a final released product image.

The EBoot performs the following tasks:

1. ltinitializes the CPUIf the CPU isot alreadyinitializedby the Step Loadethe
EBootentersa supervisor modend thenclearsthe instruction and dat&@aches
andTranslation LookasideuBers [TLB§ clears or masks interruptand then
initializesthe phaselockloops PLLE)

2. It createsand populates the reserved memory area to be shared with the
operating system

3. It sets upthe debugUniversal Asynchronous Receiver/TransmittéAR}) and
providesa user menu for configuring loader options.

4. Itinitializes the Ethernet controller.

It obtains the IP address for the target fronbDgnamic Host Configuration
Protocol DHCPserver or assigns a static IP address.

6. ltinitializes theTrivial File Transfer ProtocdlETPconnection angdbased on
the loader options, downloads an image (througllatform Builde) or launches
the resident image on the persistent memory.

9 Secure Boot Loader (SBoofjheSBoot is a fast, more secure USB downloader.thike
EBootthe SBoot is loaded bhe IPL based on whetheh¢ user selectethe SBoot
(from the EBoot menu) arhetherthe platform is put intahe SBoot mode (platform
specific).

TheSBoot itself does not provide any menu options. As sodheSBoot is launchedt
tries to connect to the desktop USBwnloaderapplication to initiate the image
download over USB.

TheSBoot contains security features that lets it flash only verified images. It downloads
.secimages, which consist of the regular image, its signature file, and a simple header.
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After a successful downloathe SBoot verifieshat the image is signed by a trusted
sourceby using the MINCRYPT librafpen, the SBootstarts the flashing process.

TheSBoot is included on both development and production images, which require
securityfeatures for flashing the new images.

1 Hardware Test Utility (HWTUYheHWTU is a suitthat is usedo test and verify
several hardware featuredt is loaded and launched ltlge EBot as a menu option.
Likethe EBot, the HWTU is a development utilignd is not shipped as part of the
production image.

1 Image update file system (IMGFEIhelMGFS is the main Windows Embedded CE
imagethat hasthe TFAT partitions included. It is loaded and launched by th@heL.
IMGFS has its own mechanism to definavitiial NAND flash blocks and is not aware
of DPS. Boot loader components and DPS ragimmarked READNLY and
RESERVED on the flash memory to maketeatehey are not overwrittenA distinct
advantage othe IMGFS is the ability to update the conmamtsthat arestored inthe
IMGF Sy usinghe UPL

1 Update Loader (BL. The Image Updater is a functional subcomponent of the Device
Management Servigevhich provides reliable updates to the Windows Embedded CE
image. The Image Updater uses the Windows Embedded”CEbdel and libraries.

The Image Updater and the primary image, which containsrist@ller, depend on the
IPL to load the appropriate Wintvs Embedded Gbage (IMGFS imaggPL) based on
informationthat isprovided by the OAL.

9 DPS access librarfhe DPS access libramsoreferred to as the Auto DPS Library,
consists of two main components:

o0 One component is used to access the DPS aB®ie level, such asthe boot
loaders.

0 Another component is used to access the DPS from within Win32 applications.

The first component is provided as a library that gets statically linked with a BSP module
during the build process. The second componerdrbvided as a library that gets
dynamically linked with an application during the build process.

Accessing the DRty using these libraries follows the same philosophy in thaséhe
APIs requirghe developerto providea segment identifier number; anfgkt, in bytes,
from the start of the segment to the desired data; and a size, in bytes, of the desired
data. All the APIs perform validation check$édp ensure that accesses do not cross
segment boundaries. The library makes no assumption about thetste of the data
within a segment; it is entirely up to the applicatitrat accesesthe DPS to interpret
the results. Any failuréhat isencountered when the DAS accessetkesultsin a FALSE
value being returned by the access ARIsuccess resustin a return value of TRUE.

Power Management

The main goals for power managememtn-vehicle deviceare tohelpensure that adequate
power is available to various modules in a specific operating mode and to prevent draining the
vehicle battery.
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The power management framework the Microsoft Auto hardware reference desigrovides
the ability to operate the system at a predefined set of power consumption lek@lso
provides a way to define various powsate transitions. Microsoft Autd.0implements a
custom platformdependent diver (PDDYor the Windows Embedded CE 6.0 Power Manager
(PM) that helps enforce power policy.

Power management enforces an overall system power policy through the following
mechanisms:

1 A set of defined power state€ach system power state is mapped to standard power
states(D(O;D4) for various devicesoFexample, a particular power state might require
the Global System for Mobile Communicatio®SM module to be fully powered (DO)
but the GPS nuule to be in suspnded mode (D3)

The device power states adefined byWindows Embedded CE and have the same
meaning for all devices.

91 Defined conditions or triggersThese triggersause transitions between thgower
states. Microsoft Auto supporteattime clock RTGwake up on the MARPF2 platform
(if programmed.

1 Notifications. ThePDDprovides notifications to applications (amadevice drivers)
about power state transitiongach application cathen choosea policy for functioring
in different power states anfbr actions to perform duringhe transitions.

The suspend current for the MARPF2 development platform is approximately 1.5 mA. Potential
wake-up sources for the processors as follows

9 Ignition: Ignition goes on
1 Controller Area Network (CAN) bd$heCAN state becomes active

1 GSMA wakeup message from GSMreceivedfor example, &short Message Service
[SM$isreceived)

1 Input L A wserdefined wakesource throughseneral Purpose Input/OutpuGPIQis
received

Audio Arbitration and Management

Microsoft Auto4.0 supportanultiple audio sources and multiple audio outputs. Audio sources
include internal sources such Agvanced Audio Distribution ProfilaZDB devices, Bluetooth
wireless technologgnabled phones, USB devices, andtexspeech(TTSHevices Audio

output channels include stereo out 1 (front zone of the car), stereo out 2 (rear zone of the car),
and mono out (used for TTS and phone audio output). Note that the mahbne plays the left
channel only.

Also, depending on the soee and destination of the audio streathe different sources of
audiothat areprocessed by the system have different routing requirements, sampling rates,
pre-processingand postprocessing requirementsnd serializing ad mixing requirements
Audio marmgement functionality is responsible for these requirements and considerations.
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Figure8 shows an overview of the audgystemarchitecture.Terms and acronyms are defined
in the Glossary

Middleware Applications |

Audio Apps

Platforms
. Audio Streams
~ (Wave Handles)

Audio
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Hardware

:
Y . ‘{
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Figure 8. Audio system architecture

The Microsoft Auto audio system comprises three layers: application, middleware, and platform.

1 The application layeincludes functionalitghat presents audio services to the user and
enablesuser control over those servicexdiples of audio services include audio
control requests and notifications.

1 The audio middleware layercomposed of the Audio Arbitrator, presents a highel
abstraction of the audio hardware to the application layer and implem#rgs
functionalitythat isrequired for orderly operation of the audio system.

1 Theplatform layer, or SystemsAudio Layer (SAL.exposes ambstraction of the audio
functionalitythat issupported by the hardware. The SAL provides processing and
multiplexing of audio strems, as well as multiplexing of physical audio channels. These
multiplexers are controlled by the Audio Arbitrator for routing of audibislayer
includes the Wavedev driver.

TheWavedev Driver

The Microsoft Auto Wavedev driver supports the standard \0wsl CE Wavedev APls, as well
as automotivespecific featuressuch as multchannel audio, the Audio Arbitrator interfadie
AEC/NS interface, software sample rate conversion, and command and control ofiiyitgio
signalprocessing@SP and hardwarecodecs Note that the Wavedev driver is released in
source code format for customization.
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All interactions betweerthe Wavedewdriver andthe gpplicationand middlewarelayers occur
throughthe standard Windows CE Wave £&4 documented ithe Windows CHielp filesthat
areshipped with Platform BuildgrEachNave API request is handled the Audio Device
Manager (which managesidio devicesandthe kernel software mixer). The Audio Device
Managerin turn makes a request tthe Wavedewdriverthroughthe Wave Device Driver
Interface.

Inthe MicrosoftAuto implementation othe Wavedev driverthe gopplicationstreams 6r wave
handles)that areopenedby usinghe Wave API are not bound directly tghysicaldevice;the
Audio Arbitrabr manages the rotesor connections between thesepalicationstreams andhe
physicalaudio hardware.

TheAudio Arbitrator also interacts witthe Wavedewdriverthroughthe Wave API by defining
custom properties to make additional requestsich asonnect/disconnectautes orqueties to
the connection list. Typicallyaudio applications useéhe Wave API interfaces for playbask
recording ofPulse Code Modulatiof?CM) audio, whilethe Audio Arbitrator uses the Waw&PlI
interfaces for providingauting functionality

In addition to the Wave APlpplications can also interact withe Wavedewriver through the
mixer API to quergr modify lowlevel audicrelated controlssuch asrolume, bassiteble,and
the equalizer.

Audio Management

Audio routing, ech@ancellation noise reduction, and mixing support are provided through a
software libraryby using parametershat aredependent on the source and destinationtbe
audio. Software lines are triggered by téavedev driver othe HandsFree Pofile (HFP

service depending on the nature of arbitraticdhat isrequired. For example, when a phone call
is accepted, the HFP service instructs the software to allovtmehronous Connection
Oriented SCQaudio to be output from Microsoft Auto to play over tear's speaker system.

Networking

9 IEEE 139dupport

i Enables automakers to developvigation

Microsoft Auto 4.0 provides IEEE 1394 interface support for audio and TCP/IDigititth
Transmission Content ProtectipD TCP] support available) for threvehiclenetwork, for
streaming video, and for musimim the head unit to another display in the vehicle.

Althoughvehicle network stacks anmeot part of Microsoft Auto 4.0,wo different models to
integrate vehiclenetworking into a Microsoft Autghbaseddevice have been used in current
production vehicls. Adirect vehicle connection stackinson the infotainment CPEnd
implementsall the vehicle networking protocelAnindirectvehicleconnection runs om
secondry CPU, often referred to as trehicle CPLvith inter-process communication (IPC)
that providesthe relevant information to the infotainment CPU

Support forMedia Oriented System TranspoMQS7 vehicle networking support is available
from third parties.Microsoft has worked withK2L, a Gernrasoftware development company,
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to provide a working MOST stack for Microsoft Atitbird-party productscan also be used for
other networks, such asocal Interconnect Network_ [N or FlexRay, if desired.

IEEE 1394 Bus Architecture

The IEEE 1394 bus in Microsoft Auto 4.0, a-pegformance serial buthat wasspecifically
designed for entertainment and communication applicatiorem) beused to tranger data at
high speeds.

The IEEE 1394 busnsists othe following items

IEEE 1394 hardware

A diver

A bus managerwhich isused to interact with the other components

IEEE &dio video control protocol (AV/@rotocol), which isused to manage audio and

video devices in the IEEE 1394 network

1 Connectionvlanagement Focedures (CMRWhich isused to manage broadcast and
point-to-point connections in the applications

1 IP over 1394whichuses the IEEE 1394 driver to embed TCP/IP packets in IEEE 1394
packets so they can be transmitted on the IEEE 1394IBaser 1394 is protocol
adaptation layer that converts TCP/IP packets IBEE 1394 standard packets.

1 SerialBusProtocol 2 (SBP2Wwhich isused to handle requests from the file systéinat
are encapsulated within an IEEE 1394 packet and then transhutighe IEEE 1394 bus

The IEEE 1394 bus driver acts as a Power Manageable Devic€EWi2&y) The IEEE 1394 bus
driver supports the Intelligent Transgation Systems Data Bus (IBE94 and utilizes the
power management capabilities of IDBdfficiently manage power for devices.

=A =4 =4 =4

When theWindows CBower management driveiP.dll) sends any request to change the
power state IOCTL_POWER_SET is called. Mglm@wvs how an application can use the IEEE
1394 to interact with the Microsoft Autodrdware.Terms and acronyms are defined in the
Glossary
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Figure 9. IEEE 1394 architecture

Thel394 featuresnable:

1
1

= =4 =4 =4 -8 =9

Uploadng navigational data to a navigational device

Downloadng games, music, and videwerthe Internet on the rearseat entertainment
devices

Performing updates to obtain new applications or operating system updates
Streamnglocation information on the reaseat entertainmentevices
Controlingdevices through spechbased interaction

Playng media from a USB storage device

Streaning multi-channelaudio

Streamngvideo

Operating  System

Operating system features:

Small footprint (300 KB, 700 components)

32-bit native reaiftime support unified kernel

A Win32 (API) subset, including file and memory management, device and
service management, threads and process management, and networking stacks

Varied networking protocols, security and encryption technologies, Internet clien
technologes, WiFi, video, GPS support, hard dislpport XML, Internet

servers, graphic displays, and file system and database support

Multilanguage support

TheMicrosoft®.NET Compact Framewaork

Microsoft Auto 4.0 is built on top of the Windowsnbedded CE 6.0 R2 operating systemd
adds automotivespecific featuresWindows Embedded 6.0 R2cismponentbased and
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customizable. Redime support provides the bounded, deterministic response times thattime
critical car infotainment applications require. Flash disk boot capabilities enhance reliability
even in challenging temperature and vibration conditions.

WindowsEmbeddedCES.0 R2streamlines the development process taking advantage of
developer knowledge of existing tools (such\visrosoft Visual Studi®) for creating
applications and drivers. From shared source code availability to a broad selection of
production-quality driverswWindows Embedded CE 6.0 &ifers a competitive advantage
through faster, more efficient design cycles ardextensive array of features.

Functions of the Base Operating System Layer
The Microsoft Autet.0 platform builds on aspecific sebf Windows Embedded R2
modules and componenthat areincluded in thedefaultoperating system image during the
System GeneratiorS{Y SGBMuild process by way of SYSGEN varialiitesy providethe
platform-level features of theMicrosoft Auto 4.0system.Device makesthat areusing
Microsoft Auto can customize the Windows Embedded CE 6.0 R2 and Microsoft Auto 4.0
componentsthat areincluded in their specific device image.
Thisbase operating systetayer includes suppofor:
1 Hle systems
I Windowing and focus management
1 Speech API components that expose the chosen speech recogid$RendTTS
engines
9 Access to operationthat aresupported by the various hardware modules on the
system
1 Networking transports angrotocols (TCPR and Bluetoottwireless technology)

The Windows Embedded 6B RZernel exposes core system functionality and provides the
infrastructure through which the rest of the system software can interface with the [DAL.
primarily responsible foripcess ad thread managementredictable thread scheduling
memory managementinterrupt handling and support for system calls

Features of Windows Embedded CE 6.0 R2

Windows Embedded GE0 R2providesa portfolio of hundreds of carefully tested operating
system componentsglong withinnovative tools and featurehat help enhance performance,
security featuresgcompatibility, and flexibility These innovative toolaclude:

1 GPSMicrosoft Auto 4.0 suppds GPS positioning of the vehielad communicates tk
position tothe applications that need the information. Microsoft Auto 4.0 uses the
Windows Embedded CE 6.0 R2 GPS Intermediate Driver (GPSID) architecture
developer can create a driver that feedwtGPSID with GPS data (either from a GPS
chip onboard the devicdrom GPShat isavailable on the vehicle networkpm a
Bluetoothwireless technology connection that is feeding GPS signdimmmanother
source).Since he developer controls the fustionality of the source of the GFiata,
that data can be raw feeds directly from a GPS ¢loipit can be corrected GPS data
based on deadeckoning algorithmsThe GPSID architectuthen offers multiplexed
application access to the GPS data througtaadard interface at the top edge of the
GPSID component.

1 Wi-Fisupport. There is rich networking support for Wi in Windows Embedded CE 6.0
R2, including:
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o0 DNS, TCP/IRexsion4 and ersion6, andWinSock

(@)

Firewall support, Internet Connection Shar{hgS)

0 Network Driver Interface SpecificatioNDIJ, network utility support éuch as
ping and ipconfig )
0 Local Area Network AN IEEE 802.3 and 802.5,-WIlEEE 802.11

Additional features of Windows Embedded CE 6.0 R2 thaisedby Microsoft Auto 4.0 are

shown in Tabl@.

Architecture

Unified kernel

Security features

Device performance

Microsoft Internet
Explore®support

Source code access

Realtime operating
system

Multimedia support

Table 2. Features of Windows Embedded CE 6.0 R2

Builtin tools a layered architectur¢hat featuresadvanced reatime operating
system technologies, and integrated middleware componehid &ccelerate
core development allow software integrators and tier 1 suppliers to spend
time focusing on differentiating infotainment deviem the competitive
automotive marketplace.

The Windows Embedded CE 6.0 kernel handles more than 32,000 simultan
processes, each with@gabytes GB of virtual memory space. The file system
supports larger storage media and file sizes (up to 4 GB)andvable media
encryption.

Aredesigned, ongier security model feature iSecure Development Lifecycle
(SDDh.compliant and helps ensure that only authenticated applications can ry
on an embedded device.

Improvements to the kernel architecture reduce the overhead of system cal
between baseperating systenserviceswhichimprovesoperating system
performance

Internet Explorer Web Browser for Windows CE (basethtarnet Explorer 6),
with an OEMreplaceable user interfads included

RenderWeb sites with Rich Text Editing (RTlBanage cookies, user history,
and temporary files more efficiently. Throughiedesignednternet Explorer 6,
these features, availablwith the R2 update, offer better security, better
performance, and easier use.

Debug, test, and make changes toaperating systenimage withaccess to
Windows Embedded CE 6.0 Shared Source. Plus, make modifications and
differentiated features while maintaining control over intellectual property
without sharinganycode.

Power highperformance embedded devicés manage timecritical responses
with:

A Nested interrupts

A Perthread quanta

A 256 levels of thread priority

Comprehensive multimedia support for a variety of formats, sucWis,
MP3, and DVDs providedhrough the Microsoft DirectShow® API

For more informatiorabout Windows Embedded CE 6.0 & theRelated Linksectionlater

in this document.
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Middleware and Services

The next layers the software stack are th®licrosoft Auto 4.@specific middleware and
servicesThese components digie the heartof the Microsoft Auto4.0 platform; they
distinguish this platform fronthe standard Window&mbeddedCE and from the other
platformsthat arebased on WindowEmbeddedCE technology.

A detailed view oftie system building blocks that make up theftwareplatform components
for Microsoft Auto4.0 is shown inFigurelO.

rAm:lk:ath'.u'ls / Middleware

Bligation and Other
gustom Applications

Figure 10. Platform components

Themiddlewarecomponents provide a stable foundation for connectivity and consumer device

applications.Third parties or suppliers can addditional componentshat adapt the platform
to specific requirements (for example, the MOST network gtack

The middleware layer provides the infrastructure suppbgt isrequired toeasilydevelop
applications while using the powerful featurgmt are exposed by the base platform.

Applicationghat arewritten for Microsoft Auto 4.0can use a broad array @/C++ APIs. The
base Windows Embedded 6B R2system exposesreAPI for its services (including memory
and process management, file systerasd registry acce3sThe automotivespecific platform
components expose APIs for support of functionality saelspeech, handgee telephony,
media playbackandradio.

Telephony and Data Communication
Microsoft Auto4.0includes a set of services for

1 Handsfree telephony(HFP)
9 Bluetooth profiles

1 Phone management

1 Data connectivity

1 SMS
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Applications that relyn telephony and data communications reside at the topmost layer of the
telephony and data communications architecture and use Microsoft Aldaiddleware

services an@luetooth profiles as shown i
Glossary

n Figure 1Terms and acronyms are defined in the

Application Layer
Online Navigation | Phone
ServicesClient Application Application
Phone Core Core APIs BT Pairing Core
 ——

Services HEP
Seryice
SMS
=2

Profiles

Bluetooth Additional
Pairing colil;:?t Profile
Service Cores

Connection Manager
Embedded Embedded Bluetooth Bluetooth
Data CSP Voice CSP Volce CSP Data CSP

Cell Core Stack

Radio Interface Layer (RIL)
Radio Stack
Embedded Phone Module

Windows CE Bluetooth Stack

HCl Transport Layer
(UART, USB, PCMCIA)

Bluetooth Module
HCl Transport Layer

LMP

BB

Figure 11. Telephone and communication architecture

Microsoft Auto 4.0 Platform Overview

31



For applications that use Bluetooth wireless technology for data communications, a profile is
applied to describe how to exchange spexifipes of data. For examplen BIFPapplication

must apply the HFP profile to define how to use Bluetooth wireless technology to place phone
calls,to receive phone calls, artd perform other phonerelated fundionality on the Microsoft
Autocbaseddeviceusing a Bluetooth gateway (a paired mobile phoisapportis providedfor
HFPOI £ ft & dzaAy 3 GKS @SKA Obhastnhad butidribased infedagel S | Y R
messages can also be sent or received thrdBigletooth-connectedphonesand through fmone
modulesthat areconnectedthrough CellCore. (CellCore is a set of services that enalbthes

creaton ofwirelessconnection oriented services adevice includng the Radio Interface

Layer RL], SMS support, WirelesApplication Protocol SuppoifAP] an Extended TAFEX
TAPIandtelephony service provideEB, Subscriber Identity Module [SIM&rd sipport, an
ATcommandinterpreter [ATCl]and aconnectionmanager.)Other interesting features such

as the ability to use Microsoft AuthOas a BluetoottDialUp Networking DUN)profile

gatewayt arealsosupported.

Besides telephony support, Microsoft Autd also supportthe data connectivitythat is
required for various system and application scenasogh as device management and access
to Internet-based services.

Data connectionghat areestallished with other data sourcesitough the external mobile
phoneare managed by the connection managseee the section about th€onnection
Manage). The onnection manager centralizes and automates the establishment and
management of these connections for Microsoft A4t applicationsby handling he details of
each connection. Theoanection manager can establish anémage network connections
communicate when IP packets are flowthgoughvarious pathwayss{ich as Bluetooth and
CeliCore).

Bluetooth Software Stack

The Microsoft Bluetoothvireless technology stack implementation is a modular, general
purposeBluetooth2.0+ EDRcompatiblesoftware stackhat isbuilt on the Window€EEmbedded
CE 6.@luetoothstack it is linkedin the default Microsoft Auto 4.0 configuratiolhe protocol
stack makes up #core portion of the Bluetootkvireless technology impmentation. Through

a Bluetooh wireless technology connection, devices can exchange data and interact with one
anotherby usinghe applications. Thlaost controller interfaceHIC) software module supports
various connections (UART,RJ&ndPersoral Computer Memory CarbhternationalAssociation
[PCMCIA to the Bluetoothwireless technology chip.

Deployed Microsoft Auto 4dbased systems that make use of the Microsoft AutoBligetooth
solution may beupdatedin the field with the device managemergubsystem The platform
supports a pairing servichandsfree functionality dial-up networking clientObject Push
Profile ©OPB/Object ExchangdDBEX streaming audio using A2Déhdthe <erial port piotocol.

Windows Embedded CE 6.0 R2 includes amditBluetoothwireless technology profile
implementations that have not been explicitly tested with Microsoft Auto 4.0 but could provide
a basis for additional solutions.
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Figure 2 showsa schematic othe Bluetooth software stack.erms and acronyms are defined
in the Glossary

Figure 12. Bluetooth software stack

Bluetooth Connectivity
Microsoft Auto4.0 provides the following Bluetooth featurdlat build on the Bluetooth

software stack

1 Bluetooth Pairing ServicA middleware component that manages the service discovery
process and the Bluetootbnabled devicepairing process

1 BluetoothPairing CoreAn inprocessdynamiclink library OLL) that manages data and
provides convenient interfaces to the Bluetooth Pairing Service
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