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Abstract

Automakers and auto suppliers are being challenged to meet a rapidly growing demand for in
car information, navigation, entertainment, and communication systems. However, controlling
cost,delivering products to market in a timely mann@arcorporatingeverewlving

technologies, and deliverirthe added valueeededto stand out in a competitive environment
mayall delay progress toward meeting market demand. Consumregggire a high level of

guality and reliabilityand expect rich €atures that are easy to asAt the same time, the

systems they degg are often complex to create. Thewehicle environment providdémited
computing resourceandthe applicationsdevelopedusuallyneed tobe integrated across many
different vehiclemakes and models

To helpaddress these challenges, Microsoft, working in partnership with the automotive
industry, has developed Micros@Autot a powerful, scalable, and flexible software platform
anddevelopment referencelesign that helps the auto industry deliver riahtegrated incar
infotainmentsystems faster, easigand at lower costMicrosoft Auto carexpandthe
capabilities of automakers and suppliersniake the most of the opportunitiesreated by
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Introduction

Customers today demand the ability ttag connected with all of their information and
entertainment sources while traveling their cars Theywant their mobile devices such as
mobile phones portable navigation deviceand portable music playersseamlessly integrated
into their vehicles.

According to research carried out by A&searchapproximately 40 million navigan systems
were sold in 2007, an#28 million of those were portable navigation devicé#en this data is
combined with research from the U.S. Department of Transportation and National Highway
Traffic and Safety Adminigition estimating that Americans spend more than 500 million
commuter hours per week in their vehisland that 73 percent ofmobile phone users talk on
their phones while driving, isiclear that consumers increasingly want to stay connected, even
when they are behind the wheel.

Microsoft is at the forefront of this trend, partnering with the automotive, mohilad
consumer electronics industries to provide eliap technologies thatanhelp these industries
quickly bringfeature-rich, innovative, andost-effectivesolutions tothe market. The Microsof®
Auto platformt adevelopment platform that includes an extensive software framework and
developmenthardware reference desigspecifically engineed for the automotive industry
empowersapplication deginersto develop a variety of integrated solutions thaanhelp
customergget to their destinatiorwhile keeping thentonnected to the people, informatign
and digital entertainmenthat matters to them.

Thiswhite paperintroduces Microsoft Aut@nd desdbesthe LJt | { Tugiduérf€ntures. The
paperdiscusseshe challengedaced by automakers and suppliers in bringing integrated
solutions to marketandit explainshow the Microsoft Auto platformhelpsovercome tlose
challenges by providintpe foundaton for quickly and reliably creating a broad ramje
extensible customizable, and advancedehicle solutions.

The Challenges

While the market opportunity is ripe fanew generation of integrated inar systems,

automakers and suppliefacea paradxical set oflesignrequirements: rich (and typically very
compley features highquality and reliability, rapitime-to-market, and competitive costWhile
avehicle is typically designed four years in advantany consumer electronic devichave a

life span as shodssixmonths This means that by the time the system actually hits the market,
the consumeifacing technologies prevalent at design time might be close to obsatedking
GdzLJRFGSIFoAfAGEE Yy AYLRNIUIFIY(G O2yAARSNI A2y ®

Forautomotive manufaturers, there arethe additionalchallenge of device manufacturing
vehicle ntegration adaptability (devices are generally integrated indeveral vehicle models,
thus amortizing he system cost to the automaker), asgtensibility.

Microsoft is helpindhe automakers andupplies meetthese challenges through Microsoft
Auto, developmentand software reference design platform thampowersautomakers and
suppliers to more quickly and easily build solutions that provide consumers with the features
they demand



What |s Microsoft Auto 3.07

Microsoft Auto3.0 providesautomakers suppliers, and developers with the building blocks they
need to quickly and reliably create a broad range of advancedliicle solutions that meet the
growing needs of automotiveonsumers.

Microsoft Auto3.0is based orhe leading embedded operating systenom Microsoft,
Windows®Embedded CE 6R2 Microsoft Auto3.0installs on top of Windows Embedded CE
6.0R2and adds automotivepecific functionality; this extends the cayjilities of the operating
systemwhile maintaining its flexibility.

The Microsoft Auta3.0 software stack includes all underlying drivers for teelopment
hardwarereference desigsthe supporting middleware and application framewodndthe
device maagement toolsThe design usaechnologies from various Microsoft groups,
including Digital Rights Managemetite Digital MediaDivision Microsoft®VisualStudiag)
WindowsEmbeddedCE6.0R2 Windowsg) and Windows Mobd® The reuse atheseexisting,
widely deployed technologies and componehtdpsto ensure the stability of the designs

Usingvariouscombinatiors of the Microsoft Auto3.0system abilitiessuppliers camakea
variety ofscenariogossible including

1 Speeckbased interaction with th user

1 Ability to play media from a USB storage dewvic® connect a media device to a USB
port.

Location information using GPS

Ability to easily and securely update itselfdbtain new applicationsfeatures, or even
operating systenupdates

9 Integration with mobile devices usirgjuetooti®wireless technology

All the other features of a navigation system (such as a graphical user interface, CAN/MOST
accessand radio integration) can be added by any supplier.

Microsoft Auto 3.0 includes a wide vaty of functionaity, including:

1 Bluetooth®2.0+EDR support
o Including a range of profiles and technologies used for integration of mobile
phones and portable media players
1 Handsfree phone integration oBluetoothii®enabled mobile phones
0 Access to the cdacts on the connected mobile phone
0 Send and receivBhort Message ServiM3 messages
0 Rich call control and mujtie-call scenarios
o Compatibility with a wide range of mobile phones
1 Integration of portable media players
0 Support for a wide range giortable multimedia playerdPMF), including iPod,
ZuneR) Creativeand others
o Play media from an inexpensive US&age deviceor other removable storage
0 Indexing and access to the metadata stored in the digital music brought into the
car
o Play DRMprotected music from most media players
1 In-car device updatability

Microsoft Auto 3.1 Platform Overview 4



o Devicemanagement technologin Microsoft Auto 3.0nakesa range of update
scenariogossible.
o Includes the hility to provide new applicationis addition toservice updates
0 Updates can be apgld by the owner of the vehicle, saving time and cost
1 Richspeech experiences
0 Speech engines from Nuance Communications and Siemens AG are included for
development purposes
o Seech components help integrate multiple applications into the speech
system
0 The tools and power are included to create rich speech experie@ses
demonstrated by the Ford SYNC
9 Rich developmentdols
0 Microsoft Auto 3.0 is built on Windows Embedded CER20
o Integration withMicrosoft®Platform Builder and Visual Studio providesca
development environment
1 Board Support Packages (BSP) are included for:
0 FreescaléMX31 processor
0 Texas Instrumentdacinto processor arttie EVM prototyping circuitdmard.

What is new in Microsoft Auto 3.1?

Microsoft Auto 3.1 is the latest releagey’ a A ONR &a2FiéQa € SFRAYy3I Fdziz2Y2{GAc
platform described in detail in this whitepaper. This latest release enhances the building blocks

available to the automotive industry creating a bre@hge of innovative ivehicle solutions.

Built on bp of Windows Embedded CE 6.0 R2, Microsoft Auto 3.1 adds new support in a number

of areas to the Microsoft Auto platform to support the continued creation of greateinicle

systems.

The improvements made for Microsoft Auto 3.1 include:

1 Availability of anew Board Support Package (BSP) for the Renesag/Bbgystem
development kitenabling a new class of processor support for Microsoft Auto

{AIYAFTAOI yif e AYLNE JIRMS320DRA4M RIdbInYMBda@ L y & ( NHzY
Improved media device supparicluding:

0 Support for browsing the device while it is being indexed

0 Additional information about the media on the device

0 Support for accelerated audio during féstward and rewind operations

0

Improved application control over device indexing, allowintidye
implementations of media storage permanently in the vehicle

1 Improved Bluetooth support including:
0 Support for new higiguality Bluetooth ringtones
0 More easily pluggable Bluetooth profiles
0 Support for the MP3 codec streamed over Bluetooth A2DP
0

Substanially more phones validated for compatibility with Microsoft Auto

Microsoft Auto 3.1 Platform Overview 5



In addition to an improvement to the core software platform, with Microsoft Auto 3.1 we are
also making available a new ti&a which will allowLiveSearch for Device® be implemented

on any Microsoft Auto device. Carmakers and suppliers now can easily integrate location based
point-of-interest (POI) searches into their Microsoft Auto devices using one of the industry
leadingsearch technologiesThis Livésearch for Devices toolkit sups:

1 Arobust APl which any application on the Microsoft Auto device can use for doing
powerful POI searches

Data transferoptimized for lowbandwidthconnections
Searchegptimized to reduce transaction latency

Asingle point of access to multiple liecem databases

= =| =4 =4

Servers managed anchaintained by Microsoftprovidinghigh availabilityunique device
identification and activity reports available to the carmaker or supplier

1 Contentincludes Yellow Pages, White Pages and user Ratings information

The factthat we are including Live Search for Devices to our platfoanasherexamplethat
Microsoft is committed to deliver innovative solutions. The inclusion of Live Search for Devices
will enable automotive companies to offer dynamic, connected servicteabto consumers.

With Microsoft Auto 3.1 and theiveSearch for Devices toolkéntirely new classes of
innovative invehicle solutions arfust waiting to be created!

Why Microsoft Auto?

The base software platfornsiknown to be stable and robusécausethe commonunderlying
applicationfunctionalityprovided by Microsoft Auto 3.8as been tested and implemented
across multiple solutions with multipeutomakers Suppliers and @tomakerscantherefore
reusetheir software componentsieducingthe time-to-market for their devices.

With Microsoft Auto, aplications are developed for the platform rather than for a specific
device model, resulting in amortized costs through easy portahilitgrosoft Autoprovidesthe
application functionality without gecifying the user experience, so that antakersor suppliers
can provide the unique experience that their customers demand.

Microsoft Auto providesiutomakersand sipplierswith:

1 Ageneral softwarelatform, empoweringsuppliersto build a rich family bautomotive
devices, such as portabifevices gatewaysandfull head units.

1 The ability to ceate and maintain a consistent platforrmakingconnectedcar
experiencegossible

Available Now

Drivers and passengers can now experience Microsoft technaldpg FiatBlue&Mex and the
Ford Sync

Microsoft Auto 3.1 Platform Overview 6



Fiat Blue&Me

Fia Auto Group and Microsofbintly developedhe infotainment system Blue&Me, which
empowers customers toonnect their personal mobile devices with the integrated solution
foundin many vehicle moels fromFiat, Alfa Romeoal.ancia andFiat Light Commercial Vehicles.
The competitivey priced Microsoft Autobasedinfotainment package comes wiluetooth®
wireless technologgnd USB connectivityetting drivers listen to music from their persond®
storage devicesThe integratedvoice-controlledhandsfree phone kit in thevehiclesconnects

to a large number of mobile phone modeiis,addition todigital USB storage devic@he
Blue&Mesystem is based cmmodular structure and cantherefore be easily updatedo
supportdifferent servicesFor example, customers can download language packs from the Fiat
Web site and update their system to support a language not originally installed.

Ford Sync

FordSync is a factorinstalled fullyintegrated ircar communications and entertainment

system developed by Microsoft and FofidheMicrosoft AutebasedFord Sync is a consumer
devicegateway similar to the Fid&@lue&Me, butwith significantuniquefeatures. Fordsync

provides drivers with handBee voiceactivated control over mobile phones and digital music
playersFord{ @ y O | dzi2YIF GAOlItft& O2yySoOia LK2¢a5a | yR
microphone and sound system. Most popular media players workkagtd Sync, including

At 2 RX Phayddd S dzNagers, and most USBoragedevices. Supported audio formats

include MP3, AAC, WMA, and WAV.

Ford Synés basednan ARM 11 processor, 64B of DRAM and 256MB offlash memory
Customers can ughe USB porto updatethe softwareto work withthe newestpersonal
electronic devices this is an important advantage, as customensd to change devicesore
frequently than they changevehicles.

Ford Syndebuted in the fall of 2007 on 12 different 2008 models of Ford, Mercury, and Lincoln
vehicles By the end of 2009, Ford will install Sync on all vehicle models.

Continental AG Multi Media Platform (MMP)

Continental AGsi using Microsoft Auto for its Multi Media Platform (MMRhich provides
powerful, secure, flexible, and easy-update inrvehicle multimedia systems. The Continental
MMP software architecture clearly separates vehicle functions and the functions retated
entertainment features, making it possible to quickly react to future innovations and market
trends. In the MMP hardware design, Continental uses a scalable concept to ensure top
performane at high integration. For higbnd systems, another CPU andgnics processor
provides additional power for online services and 3D graphics applications.

The hardvare is equipped with standard consumedee&ronics interfacesso that mobile devices
(such as US&orage devicesPods, or SD cards) can be easily néted with the MMP. The
MMP also provides Bluetooth®wireless technologinterface,so that consumers can use
mobile phones for hand$ree phone calls or mobile data services

Carmakers and Tier One suppliers can ensure their systems stay currenteMigitetst devices

and services thanks to the inherently flexible design and-busbftware update mechanisms of
Microsoft Auto. Unique solutions and customized user interfaces can also be easily built on top
of the existing platformSome of the examplesf customized solutions include:

Microsoft Auto 3.1 Platform Overview 7
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f 911 Assistan update made to Ford SYN@ O2 yy SOl (KS @GSKAOf SQa 200
their mobile device, to 911 operators in the event of an airbag deployment.
9 Ford Workss an indash computer developed by Ford and geti Marelli, powered by
Microsoft Auto that provides full higkspeed Internet access via the Sprint Mobile
Broadband Network and navigation by Garmin. This system allows customers to print
invoices, check inventories and access documents stored onhitweie or office
computer networksg; right on the job site.
1 EcoDrive another step in the innovative collaboration between Fiat Group Automobiles
and Microsoft, collects all necessary data relating to vehicle efficiency and, through
. f dzS 3 a Sparf trahshits itonto a normal USB kefat the driver plugs this into a
PC. Thé&coDrivesystem presents the driver with detailed environmental performance
2F GKS OFNJAYyOtdzZRAY3a G4KS / hu SYAaairzy fS@St
then providegips and recommendations on how tbake modificationso achieve CO2
reductionsg and save money on fuel.
1 Blue&Me MAPIis a multifunctional portable navigator, which gives drivers a completely
integrated and connected infotainment experience. With an aagdesign developed
with Magneti Marellispecifically for the Fiat 500 developéhe device represents a
new frontier in the portable navigation systems market.

Microsoft Auto 3.1 Platform Overview 8



Microsoft Auto 3. 1 Platform Overview

Microsoft Auto 3.1is designed to implement statef-the-t NIi Ay T2 0 Ay YSy i
automotive industry; it is an ideal application development platfdrecause iprovidesa rich
programming environment tha@mpowersapplication developers to add functionalifjhe
flexible Microsoft Autd.1 platform targets a wide range of devices, including connectivity
gateways, connected radios, multimedia devices, and navigation head units.

Thefollowingdiagram gives an overview of the various building blocksrniateup the

Microsoft Auto3.1system The lght red sections represent components provided by Microsoft
Auto 3.0. The dark blue sections represent componentwided by suppliers or thirgarties.

The light blue vertical strip represents development totiese tools bring the entire system
together and cross all layers of the software stdckthe combined dark blue and lightde
section,some of the components are provided by Microsoft Autb, &and some are provided by
third parties.

HMI Layer

. Huma n. M.achine.lnt.erface. .

* Graphical HMI " SpeschHMI

Microsoft Auto. 3.1

( Applications and Middleware

Media Application Phone Application Connected Services
Support for Zune, iPod, 2 Pairing, Live Search for Devices (i.e. Navigation, Services,
MIPMSD, A2DP Diagnostics)

:
3
:
g

—_—— e ———
J

Board Support Package (BSP)

M5 Auto Reference BSP CustomBSP

Hardware

Cusléﬁ Ha rdw; re

MS Auto Reference Platform

. Provided by Microsoft . Provided by Partners

Figure 1 Microsoft Auto 3.1 platform

The Microsoft Auto 3.0 platforns made up of the followingomponents
1 Hardware Provided by the suppliers.
1 Drivers/Board Support Package (BSPjovided by both Microsoft and by suppliers.

Microsoft Auto 3.1 Platform Overview 9



1 Microsoft Auto base operating gstem. Windows Embedded CEXAR2 written from
the ground up to provide a rediime operating system for embedded devices.

1 Microsoft Auto middleware. TheMicrosoft Auto middlewares mdzZOK 2 F G KS & LX dzY o )
for the software platformExamplesnclude theBluetooth®vireless technologgtack,
the handsfree mobile phoneservice and the media player engine.

1 Microsoft Auto application coresThe application cores are theost visible part of the
software platform. The APIs are organized and structimea similar way to the desktop
verdon of Windowsso thatcomputer knowledge and techniquean be reused. This
makes it possibléor new development resources to be deployed anddeproductive
more quickly. The applicatisiave beerdesigned sahat the HumanMachine
Interface (HMI) is &sily separablefor example, the media player is composed of a
media player core and supplierprovidedapplication HMI.

1 Third-party and HMI applicationsThird-party and HMI applicationsiteract with the
user. This portion of the application can be igashange without disturbing the
underlying application.

Development  Hardware Reference Design

Microsoft Auto 3.1provides adevelopmenthardware reference desighased ontheC NBE S & OF £ Sx
i.MX31 microprocessofSuppliers provide the final hardwargTheMicrosoft Auto3.1 software

is compatible wittother ARMbased microprocessors, and also includes a board support

package for the Texas Instruments Jacinto processor.

Functionality and features of the system rely on some fundamental primitives suppuoytibe
base system hardware componenssiCh as management of device power states and
transitions, management of NAND flasimd support for data transfer over USB pontshese

are supported by thelevelopmenthardware reference design. For examplee fla driver
provides support for primitives required for reading and writing to NAND flastatious system
componentsjncluding file systems and lelevel boot loaders. The flash driver is respible for
handling bit errors antbad blockshelping toensue power-safe operation of the flash memory
and distributing flash writes evenly to maximize flash lffeedevelopmenthardwarereferenae
designuses256 MBNAND flash memory to store the operating system image, the applications,
the speech engines, aratiditional application datalhe actual requirements of a specific device
depend on the scenarios and data that are required to be suppoAdditional dcetails of the
developmenthardware referene design are shown iippendix2.

Thedevelopmenthardware reference desigs not mandatory to build devices based on

Microsoft Auto 31. A supplier can choose one of the supported processor platforms that ship
with Microsoft Auto 31, or they may choose to develop a WingdwEmbedded CE 6.0 Board
Support Packag@BSPjor another processor familyDocumentationis availableon the

requirements fortransforminga standard Windows Embedded CE 6.0 BSP into one that can fully
support the functionality ofthe Microsoft Autoplatform. The layered architecture, the

operating system, middleware, and applications should not be significantly affetten

repurposing a standard Windows Embedded CE 6.0 BSP intbairsipports Microsoft Auto

3.1
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Board Support Package

The Board Suppt Package includes hardwaspecific components such as a boot loader, an
OEM adaptation laygfOAL) device drivers, and rutime image configuration files.

TheOAL includes the lowestvel components that initialize the CPU, peripherais] other
hardware modules. The OAL interacts directly with the hardware and abstracts the specifics of
the hardware from the upper layers. The OAL is typically built when devgltpenBSP; it is

built as a library (HAL.lib) ariciked into the overall kernel execuibe (Nk.exe).

Operating System

Thebase operating systentayer provides the platforatevel features of thévlicrosoft Auto 31
system. This layer includes suppfot:

1 File systems
I Windowing and focus management

1 SpeechAPl components that expose the cleosspeech recognition ardxt-to-speech
(TTS) engines

9 Access to operations supported by the various hardware modules on the system
1 Networkingtransports andorotocols (TCP/IBnd Bluetooth®vireless technology

Thebase operating systeis built on topof Windows Embedded GEOR2 The Windows
Embedded CE.0R2kernel exposes core system functionality and provides the infrastructure
through which the rest of the system software can interface with the OAL. The Windows
Embedded CE.0R2kernelis primaily responsible for ppcess and thread management
predictable thread schedulingnemory managementand nterrupt handling and support for
system calls

Features of Windows Embedded CER2include

1 A Win32 API subset, including file and memory managdnadevice and service
managementthreads and process management, ametworking stacks.

Platform Builde6.0and otherpowerful development tools.
Multilanguage support.

Windows®Internet Explore®Web BrowselControlfor Windows CE (based on Internet
Explorer 6), witha user interfacethat can be replaced by the automaker

1 Rich multimedia support through the Micros@DirectShowARPI, with support for a
variety offormats such as Windows Me@#udio and MP3

1 Highperformance graphics support throughe Microsof®Direct3B®Mobile APand
the Microsoft®DirectX® API

Microsoft Auto 3.1 Platform Overview 11



Middleware and Application Cores

The next layers um the software stack are the Microsoft Aul¢specific middleware and
servicesThese components digie the heartof the Microsoft Ato 3.1 platform; they

distinguish this platform from standard Windows CE and from the other platforms based on
Windows CE technology.

A detailed view oftie system building blocks that make up tbeftwareplatform components
for Microsoft Auto3.1 isshown inFigure 2

Development Tools

Figure 2 Platform components

The middlewareeomponents provide a stable foundation for connectivity and consumer device
applications. Additional components adapting the platform to specific requirements (for
exanple, the MOST network stack) can be addedHhirg parties orby supplies.

The middleware layer provides the infrastructure support requiredasilydevelop
applications while using the powerful features exposed by the base platform. Services in this
layer include the following:

1 Speech servicdrovides a robust speech ARkt sits on top of the Microsib Speech
API (SAPI). THets many applications share the recognition and téodspeech engines
and provides common controls that make it easy foplagations to have a rich dialog
with the user with minimal application work.

Microsoft Auto 3.1 Platform Overview 12



9 Display serviceProvides support for applicatiorthat interact with the user through
display messages, including both a display driver that supports connections to multiple
different types of vehicle displays and a display APIttnltes it possible faan
application to write to the display after a connection to the display is established.

91 Buttons support Provides the ability to use buttons that may have different underlying
hardware (in different vehicle models) in a uniform way using a notion of virtual keys
and keyup and keydown events.

Additional services includeshicle networking and diagnostics servickandsfree mobile
phone servicedata communication and connectiananagementand cevice management
service

Applications written foMicrosoft Auto3.1 can use a broad array of C/C++ APIs. The base
Windows Embedded G0 R2system exposesréAPI for its services (including memory and
process management, file systemasgistry access, and so on). The automaotpecific platform
components expose APIs for support of functionality such as vehicle networking, speech, hands
free telephony, and diagnostics.

Bluetooth Wireless Technology

Microsoft Auto 3.1 provides amodular Bluetooti® 2.0+EDfRompatiblesoftware stackhat is
built on the Window€EmbeddedCE 6.®Bluetootti®stack Deployed Microsoft Auto 3¢based
systemshat make use of the Microsoft Auto BBluetooth®solution may beupdatedin-field
with the device maagementsub-system The platform supports a pairing servibandsfree
functionality,dial-up networking clientOPP/OBEXtreaming audio using A2D&hdthe srial
port protocol.

With the Bluetooti®wireless technologgoftwarestack devicegsuch ag?DAs and mobile
phones)can bepaired and conneadd with Microsoft Auto 31 devices The software stack
supportsa number oBluetoot®wireless technologprofiles used in automotiveolutions
(includingPBAP, A2DP, AVRCP, [dRE DUN. Windows Embedde@E 6.0R2includes
additionalBluetoot®wireless technologprofile implementationghat havenot beenexplicitly
tested with Microsoft Autd.1, but could provide a basis for additional solutioApperdix 3
provides further information about the Microsoft Auto BBluetooti® stack.

Bluetooth Pairing Core

TheBluetooth®vireless technologypairing core is one of thepplication cores used to provide
core services tdicrosoft Auto 31 applications; manylicrosoft Auo 3.1 applications depend
onthis API to pair and communicate wiBluetooth®wireless technologyenabled devices.

Media Core

With the media coredevelopes canwork with any of the wired device types through a single
standard interface, providing theustomerwith a single experience regardless of the type of
wired media device that is connected. The user experience can be driventopdoh the
display or by voicalepending on the requirements of the supplier amatomaker

The media ore module igesponsible for actual media playbacketadataindexing, hardware

event handlingfpr example, power and speegtkeeping all the metadata of all tracks, and
YEAYGFEAYAYy3a  ay2¢g L¥khufingabiltyé Allsoktiagiof nietadats isoer & G 2 NEB
at this levelThe nedia core also supportsseof the A2DP and AVRBRietooti®profiles to
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enableplayback of music wirelessly from phones and other devices that support those
Bluetooth®profiles. Themedia core adds media capabilities that include

1 Zune sipport. Microsoft Auto3.1 also offers a software addn package thaletsa
device fully interact with all available Zune devices for playback of audio content
through a USBonnection TheZune supportncludes full support for all DRigrotected
content purchased through the Zune Marketplace or obtained through the Zune Pass
subscription service.

1 MTP device gpport. MTRbased devices from companies sucttasisaCreative, and
iRiver are ao supported, including the DRpfotected content on thoseélevices. These
types of devices are connected via USB.

9 iPod support. Ader generation iPods are supported througiwite style connections
newer generation model#hat require a twire connection with Apple Authentication
arealsosupported Playback oflaaudio contentificluding content protectedby the
Fairplay DRM mechanisnis)supported as areghe popular iPhone and iPod Touch.

1 Mass storage device supporihe media core supports the dity for a user to bring in
digital mediathat is notDRMprotected into the vehicle on mass storage devices, such
as USBtorage deviceand SD cards.

1 Supported mediadrmats. The media core can access, index, and play files that are in
WMA, MP3PCM WAVand AAC formats. The media ealso supportplaylists,
including those in M3ldandWPLformatsin addition tothe native formats supported on
iPods and Zunes.

1 Browsing mediaifes. Regardless of the type of the physically connected device, the
media coe creates a full index of the audio media on the device based on the metadata
included in the digital media files. Thislpsensure thatthe user experiencéthe
same, regardless of the device type attachede Gi$er interfacecan be driven by a
folder-based hierarchyr canbe filtered by a variety of available metadata, including
track name, alboum name, artist, and genre. This index is maintained per device by the
media coreand the index for each known device can also be persigaablingfast
access to the same device the next time it is brought into the vehicle

1 Playback ontrol. The media coranakes it possible to havfall playback control over
the media files that it has indexed, including play, pause, fast fatwawind, next
track, and previous track.

Phone Core

The phone core provides connectivity and control of mobile phones to make and receive phone
callsusingthe Bluetooth@HFP profile. The phone cosepportsan automaticdownload ofthe

contact list from the mobile phongTK S dza S NI dcantb@pyesentéddithef bj disflay in

the car orby voice depending on the applicatidduman-Machinelnterface)

1 Automatic synchronization of contes. The phone core can download the phonebook
from mobile phoneghat support the functionality througtBluetooth®wireless
technology After the initial phonebook download, the data is persisted on the device,
so the user haalmost instantaccesgo the information the next time the phone is
connected to the device. If new contacts have been added to or deleted from the phone
since the last time it was connected to the device, the phone core automatically
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downloadsthe new phonebook in the background iMhthe customermaintainsaccess

to the persisted phoneboolContacts can be automatically downloaded via PBAP,
SyncML, or AT commands. The phonebook can also be filled through an OPP/OBEX
vCard object that is pusimitiated by the user.

1 Extensive call control capabilitiedhe phonecorelets the applicatioranswer incoming
calls, dial a newatl, switch between calls, hang calls and redial the last number
called.Support is also provided foalt waiting information. Té phone core also
downloads and makes thmobile phoneQ éall history available, so that the application
can expose that information to theustomeras well. The device can also send the
phone calldioto the handset by toggling the privacy mode of tHeope.

1 SMS nessage supportThe SMS routeprovidesaccess to the SMS messages that are
received by theéBluetoothli®connected phone, for those phones that support SMS
message access through AT commands.

91 Phone status supportThe phonecore supports the ability to get thearrier name,
battery level, network state, and signal strength information for those phahats
expose that information oveBluetoott®wireless technology

1 Broad handset compatibilityMicrosoft Auto3.1 regularly shigdevice compatibility
updates empoweringpartners to issue updates to their-car devices that include
support for the latest mobility devices available on the market.

Speech Service

Microsoft Auto3.1 provides a speechased user interfacenabled by thespeechservice, which
can host a variety of SAPI £06mpliantspeech recognition (SR) and tégtspeech (TTS)
engines. The speech service also uses a speech prompt engine, wiéchcombined with pre
recorded and dynamically synthesized promgtgates a moraaturaluser experienceThe
speech engines are interchangealpegvidingfor inexpensive support for several languages.

Thespeechservice provides a set of intuitivhjghlevel speech controls designed to enable
rapid speech application development for r@API experts. liso performs systerwide
speechrelated bookkeeping and management servicasch as managing the global grammar
andarbitratingaccess to the spahfocus

Language availability is limitexhly by the speech engine and TTS vendor lagg catalogs.
There are three voicescognition and TTS engine combinations included in Microsoft 2lito
for development purposes onlywo sets arefrom Nuance $@nsoff for both VR and TTS
anothercomes with VR from Siemens AG and TTS from )SVXsupplier andutomaker
must choose a speech engine vendor and obtain licensirygjir the vendor for the engines
andlanguagesand must then tune the system befodeployment

GPS

Microsoft Auto 31 supports GPS positioning of the vehjdtehen communicatesghis position
to applications that need thamformation. MicrosoftAuto 3.1 usesthe Windows Embedded CE
6.0R2GPS Intermediate Driver (GPSID) architectdeveloper can create a driver thégeds
the GPSID with GPS dagitlfer from a GPS chip onboard the device, GPS available on the
vehicle network, 8luetoott®wireless technologgonnection that is feeding GPS signals, or
another sourcg Since the deveper controls the functionality of the source of the GR#a
that data can be raw feeds directly from a GPS chip@an be corrected GPS data based on

Microsoft Auto 3.1 Platform Overview 15



deadreckoning algorithms. The GPSID architecture then offers multiplexed application access to
the GPS datdhrougha standard interface at the top edge of the GPSID component.

Connection Manager

The connection ranager is the central component for managing connections on the Microsoft
Auto 3.1 platform. The connection anager provides an API ket applications request
connections, specify priorities, and close connections after use.

A supported connectivity feature is the firewall modgindows Embedded CE 62brings
an integrated firewall moduléo Microsoft Auto 31 that is configured using rediy settings
with this module Microsoft Auto 31 is flexible enough to support aiele range of firewall
scenarios anapplications.

Device Management Sub-System

Thedevice management (DM) subystem supportsnechanismdor updating applications,
configuration settings, and system software dicrosoft Auto3.1 at different stages during its
life cycle(seeFigure 4. Generallythe device management scenarithet are enabledare
determined by the policies of the automakéiheprimarygoal ofDMis to maintain a unified
software inventory on théVlicrosoft Auto3.1¢based devicgregardlesf the updatemethod.

Supported DM use cases include:
A Instaling application softwarea complete image, or critical patches and fixes
A Uninstaling or reinstallingpplication software
A Activating or deactivatinmstalled applications
A Adjusingthe d SN & &S {4 dzLJ

The provisioning mechanism in Microsoft A@ta relies on the download of standard CAB files

to the device. There is a standard component available tinpaicks, verifies, and instalZAB

files; a limited scripting capabilitpakes it possible tmodify registry and other devicepecific
settings. The CAB unpacking mechanism is principally independent of the CAB file contents, so
this mechanism could alse&hised todownloadinstallable content for otheelectronic control

units networkedto the Microsoft Autao3.1cbaseddevice.
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Figure 3 Device management

The overall DM solution in Microsoft Auto 3.0 is primarily based on coreaMis Embedded CE
DM components, with some enhancements:

1

Single installation ARIA single installation API is used instead of several installer
executables. The installation API can handle all types of installation packages. This
enableseffective reboothandling because information on the installation status can be
exchanged more easily, and installation can be paused, stopped, and resumed by using
an APl instead of an executable fildne API supports compressed CAB files for better
bandwidth utilization

Support for unattended uninstall/upgradesCAB file uninstallations are, by default,
delayed until keyoff. This makes uninstallation of an application in use nonintrusive to
the customert

Super CAB fileSuper CAB files (PKS) bundle packages tog@th@one larger package.
These may involve a set of application CABs or a set of system updates.
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The device update proceksas two steps:

9 Obtainingthe actual file (the update image) onto the devidelivered ona USBstorage
deviceor an alternate deligry method implemented by the supplier

1 Performngthe actual update by verifying and extracting the update image and
installing

Suppliers can select whethepdateswill be obtainedfrom a USBtorage device the correct
CABs and INF file is attachedhe USB host port anan update is initiated manuattyor
automatically based on an ignition cycle.

Theinstaller ismvolved in actual verification aridstallation. The installemaintains a persistent
installation databas¢hat can be accessed by othapplications and services to determine the
software inventory and package installation status. Tstaller itself is a DLL that exposes an
installation API (as opposed to a standalone process).

For systerrupdate packages, the installer triggers the Imaépdate mechanism. This causes a
reboot into the Update Loader (ULDRhichverifies and applies updates to the operating

system Update progress and status is carefully tracked across reboots and reported back to the
Installer DB.

Using a centralizechstallation database to maintain the state of each downloaded package, the
DM engine can continue the DM session after a rebadtich isusually delayed until kegff.

When the device is turned on agadfter a rebootthe DM session contingdrom whereit left

off.

Security Sub-System

The security sulsystemhelps toensurethat Microsoft Auto 31 does not accept or run
untrusted executable code on the system. Microsoft ABitdis engineered with adherence to
the Trustworthy Computing (Tw@&gcurity standards enforced at Microsoff.he most critical
security mechanism for Microsoft Auto is its application/operating system trust model.
Authenticode code signing technology is usedhédp ensurethat Microsoft Autodoes not
install or rununtrusted code.

It is possible to configure the Microsoft Autdldlatform s that al updates to the image
(whether they be applications or system updates) must be signed. For each of the different
types of updates possibléhere aredifferent certificae storesto enforce this policySome
examples include:

9 Secure Image Downloadit the lowest level, certificates in the secure image
downloader ensure that only certain signed images can be used to completithgine
the system.

1 Operating SystemlImage UpdatesEach othe image update packages has a certificate
store (stored in a binary blob called Devigiee ManifestDSM in the package).

91 Application Installation Application CABs are signature verified upon download from
the USBstorage deviceCertificates in thénstaller policy store determine whether the
CAB should be accepted or not.

91 Device AuthenticationA Service Credential object is provided to applications for
enabling device authentication.
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)l

Other Security Mechanismseveral additional subystems emplp mechanisms to
help protect against threats that apply to them. For example:

0 Bluetooti®wireless technologgonnection with an external device is made over a
secure link.

o Application CABs can be signed with a flag that prestheir installation from UB
storage devicet limit piracy concerns.

o Diagnostics Security Access is implemented to allow certain operations to be
performed only if the client presents the necessary evidence.

To manage certificates and encryption keys on the device, MicrosoftRL{through Windows
Embedded CE 6).provides CryptaPl.

Reliability Sub-System

Several subcomponents in Microsoft AlBd provide support for system reliability

1
)l

Hardware watchdog Helps @sure thatthe system is reset if it appears locked.

System kealth monitoring. Hosted in SysHealth.exe and contains a launch monitor
(helps ensurghat the set of applications considered critical for system functionality

start up normally), memory monitor (watches currently available memory and schedules
a deferredor immediatereboot if it is below a lover critically lowthreshold), periodic
reboot (configurable by the suppligrand RTL_ZONE logging (collects a retail message
log for the system).

Procesamnonitor. Provides a timetbased software watchdgo@pplicatiors can request a
process termination or a system reboot if they happen to hang.

Reliability service Provides the ability to request system reboatsd enforces logic for
the system to shut down completely if recurrent reboots are detected within a short
period of time.

Flash driverImplements several mechanismshelpensure a long flash life, including
wearleveling, bad block handling, main and spareaerror correcting codesand
protection against flash sector corruptidrecause ofinexpected powefailure.

Backup nstaller. System svitches to the backumnstaller databas¢DB)upon detection
of any kind of corruption in the active DB, the installer switches back to the backup DB.

Whenever the system schedules a planned reboot, it notifies apmitathrough power
management events. Planned reboatscurin situations such as installer scheduled reboots
(upon application or system updatesd SysHealth rebostWhenever the system suspends or
reboots in a planned manner, it flushes data to thekdithe systemhasto rebootbecause of
catastrophic conditiongsuch as a battery disconnectionteset from thehardwarewatchdog,

or a critical process failuygit is not possible to notify applications to save data.
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Human -Machine Interface Layer

The Microsoft Auto application modeinablesa clear separation diumanrMachine Interface

(HMI) from the core application logid@-he HMI framework, technically part of thgindows
application frameworkfacilitates the sparation of the HMI portion of thegplication from the
computational or processing portion. Thegsthe core of the application be written once; the

look and feel of the user interface can then be readily customized. The core applications can be
updated without change to the HMI, and vieersa.

The supplier oautomakercan write applications in the HMI layer that take advantage of the
application corsand middleware componentdlicrosoft Auto 31 provides theflexibility to fit
into almost any user interface paradigime automakermaychooser the middleware offers all
of the core functionalitythat letsthe supplierpresentit to the customerin a way that meets the
requirements of each individualutomaket

The HMkampleapplications included iMicrosoft Auto 31 include themedia phayer, phone
application, device management HMI (for installing applications and image updates from an
attached USB storage devicBJuetooth®vireless technologpairing application, an&MS
reader.
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Delivering a Microsoft Auto oBased Solution

Applicationdesigners can rely on tivech, familiar development environmempirovided by
aAONRa27Fl0 ! dzi® 2 € 2 MBS @BadnEedaNdure, standard, and stable
update and installation technology from Windows Embedded CRBahd Windows Mole.

Microsoft Autosupporisa powerful API set and providan intuitive development framework
that application developers can use. The toolset and framewogkamiliar to the general
development community (which might not necessarily have automotivevsoé development
experience).

Microsoft Autoprovides easy access to various ports and peripherals during the development
and testing phase both for system developers and application developers. This includes
mechanisms in the hardware and in the softwarege to enable easy development, download,
testing, and debugging of system images and applications. Additiokdisgsoft Auto enables
desigrsto meet requirements from various testing phasesich asinit testing, functional

testing, systerrintegration testing, and irvehicle integration testing.

The Microsoft Aut@.1development tools include:
M Platform Builder 6.0
9 Visual Studio 2005
91 Development hardware
1 Microsoft Auto 31 Platform Development Kit

Platform Builder 6.0

Platform Buildeis a standardntegrateddevelopmentenvironment(IDE)or Windows CE&
based devices. Platform Builder 6.0 ships with Windows Embedded ®2&h@ runs as an
add-on to Visual Studio 20@5providing a more consistent development experience for both
application and platfon developers.

Microsoft Auto3.1 uses Platform Buildes.0 primarily for the following scenarios:
1 Developing (edit, compile, debug) of native C and C++ code on the platform
1 Flashing a development board with new software images
1 Monitoring the debug traceutput from a running system
1 Using remote tools to measure and monitor various parameters of the device
1

Executing somautomated tests of the device
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Visual Studio 2005

Visual Studio 20Q3he standard development suite for desktop Windows development
features an extensiveetof tools, configuration samples, and guidelines that improve
productivity fromthe initial design to final testing and tuning.

Visual Studio 2005 is required for hosting Platform Builder 6.0. Using the Platform Builder mode,
the developer can create and debug the actual operating system platform on which the HMI
applications will run. Using Visual Studio in application mode enables development and
debugging of applications running on top of the platform image already runningeodevice.

Development Hardware

The avelopment and testing for Microsoft Auto is typically done on prototype hardware rather
than through software emulators. The development hardware should asedable either a

serial port and a USdeviceor an Ethemnet port for connecting to a desktogpmputer,

Microsoft Auto3.1does provide alevelopmenthardware reference designdetails are given in

Appendix2.

Platform Development Kit

Microsoft Auto 31 ships as a Platforidevelopment Kit (PDK) that installs on top of Windows
Embedded CE 6R2 it is used in conjunction with Visual Stu@@05and Platform Builde6.0

for development of the complete software stack for a specific devite Microsoft Auto 3.

PDK includesource code and binaries for the two supported processor platforms (MARPF1 and
Tl Jacinto EVM Board), binaries for the Microsoft Auto middleware components,
documentation, and the commanriithes tools necessary to create, modify, and extend a
Microsoft Auto3.1¢based device image.
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Summary

Microsoft Auto provides a pwven, reliable, anéxtensiblesoftware platform andlevelopment
hardware reference design on which automakers can distinguish themselves by building
innovative solutions to help drive sales anustomer loyalty It providesautomakers suppliers,

and developers with the building blocks they need to quickly and reliably create a broad range
of advanced irvehicle solutions that meet the growing needs of automotive consuraedset
them apartfrom the rest of the fieldintegrated features such &uetooth®vireless

technology speech recognition, and media player support are built into the platform for rapid
deployment without heavy development timépplication designersan use the compreheng
software solutiorthat isprovided or they caneasily extendMicrosoft Autoto their own unique
implementation.Developers may also reuse existing, proven software components, freeing up
development resources and saving design cycles. The Microsaftphaiform is modular, so
developers can use the components they wish ardude or substitute other from the
developmenthardware reference to any of the middlewacemponents Thedevelopment
hardware reference design, along withbustsoftware toolsalso resulsin faster timeto-
market.Many software components can be reused across product lines and msdeiag time
and money.

Microsoft Auto provides:
1 Areliable, robust platform
9 Increased productivity and reduced caosts

1 Flexibility,scalability, andextensibility.

Reliable, Robust Platform

With support for industryspecific hardware and software, Microsoft Auto provideeliable,
high-quality platform.Microsoft Auto uses théamiliar WIN32 API set that containpawerful
interactive developr environment tkat meets a wealth of automotiveeslevant requirements

The Windows CE 6.0 core is reliable, extensively tested and widely tiiegrovidesthe
foundation and tools for quickly and reliably creating a broad range of extensible, custdenizab
and advanced vehicle solutions.

Increased Productivity and Reduced Costs

Microsoft Auto enableautomakers and suppliers to develop their infotainment solutions with
fewer design cycles and get them into production more quiddigrosoft Auto uses
comprehensivemiddlewarestack, eliminatingthe need fa additional hardware and removing
the inefficiencies of creating dwtbc software solutionsthe result idaster, less expensive and
more reliable integration.
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Flexible , Scalable , and Extensible

Automakers and suppliers cdrelp ensurethat their systems stay current with the latest devices
and serviceghanks to the inherently flexible design and biiitsoftware update mechanisms

of Microsoft Auto. Unique solutions and customized user interfaeesalso be easily built on

top of the existing platformThe @enarchitectureis designedpecifically teenable a designer

to easily extend functionality with custom solutions.
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Glossary

A2DP

Advanced Audio Distribution Profile. A2B&fines how higlguality audio $tereoor mono)
can be streamed from one device to another ovdlaetooti®wireless technology
connection

AAC

Advanced Audio Coding. AAC is a standardiredycompressiorand encodingscheme for
digital audiothat is designed to be the successor of ME3format. AAQyenerally achieves
better sound quality than MP3 at many {ites.

API

Application Programmingnterface. An API issource codénterfacethat anoperating
systemor library provides to support requests for services to be made of itdopputer
programs

ARM

AdvancedRIS®Aachine or Acorn RISC Machine. ARM3&-hit RIS@rocessomarchitecture
that is widely used in margmbeddeddesignsTheir powersaving featuresnake ARMCPUs
dominant in the mobile electronics market, where lpawer consumptioris critical.

ASX

Advanced Stream Redar. One of the three Windows Mediaetafile formats ASX, WAX,
and WVX The ASX file is a metafile (a fibat contains data about another file) a reference
to an ASF file.

AT commands

The Hayes command set, also called the AT (for attention) coms&inis used by dialp
modems. The command set consists of a series of short sttiagsombine together to

produce complete commands for operations such as dialing, hanging up, and changing the

parameters of the connection.
AVRCP

Audio/Video Remote Cdrol Profile. AVRCR designed to provide a standard interface to
control devices tdet a singleremote controlto control all of theaudio/visualequipment to
which a user haaccess

Binary blob

Binary Large Object. A binary blob iscduject filethat isloadedinto the kernelof an open
sourceoperating systengnot usually code running outside the kernel such as BIOS)
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Bluetooth®wireless technology

An industrial specification for wire$s personal area networksamed after the 10th century
king of Denmark, King Had Bluetooth.Bluetooth®@nables connection and information
exchange between devices suchnagbile phoneslaptops personal computergorinters,
digital camerasandvideo game consolasver a secure, globally unlicensed shiahge

radio frequency

Bluetooth®.0+EDR version introduced an Enhanced Data Rate (EDR) of 3.0 Mbit/s (basic
signaling rate, the practical data transfer rate is 2.1 Mbit/s)

Boot loader

A program whose only job is to load software to start theiging system.
BSR; Board Support Package

A Board Support Package refers to the software components that sit between the Operating
System and the actual hardware. These are software drivers for the hardware and also
typically refer to the software whictuns upon the initial boot sequence of the hardware.

CAB file format

The Microsoft Windows native compressed archive format. It supports compression and
digital signing, and is used in a variety of Microsoft installation engines, including Setup API,
Devi@ Installer, AdvPack (for the installation of ActiveX components from Internet Explorer)
and Windows Installgr

Codec

A device oprogramcapable okencodinganddecodinga digital data stream orsignal
Microsoft Auto 3.0 only provides productidicensed decoders faindows Media Audio
(WMA) and a develoment license for MP3.

CAN

Controller Area Network. CAN i€amputer network protocol and bus standard designed to
enablemicrocontrollers(microprocessor designed for hightégration, low power
consumption, sefsufficiency, and costffectiveness, in contrast to a genegalrpose
microprocessor) and devices to communicate with each other and without acbagiuter.

CryptoAPI

Cryptographic Aplication Programming Interfac&n APlincluded withwindowsoperating
systemshat provides serviceso thatdeveloperscansecure Windowsased applications
usingcryptography It is a set oDLLghat provides arabstraction layethat isolates
programmers from the code used to encrypt the data.

DirectShow

Amultimedia frameworkAPIproduced byMicrosoft DirectShow can be used bgftware
developerdo perform various operations with media files or stream; DirectShow is based on
the WindowsComponent Object Mod€lCOM) framework and provides a common interface
for media across marmyrogramming languageét is an extensible, filtebased framework

that can render or record media files on demand.

DirectX
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A collection of APIs for handling tasks relatednaltimedia, especialllgame programming
and video, orMicrosoftplatforms

DLL

DynamieLink library. DLLare implementations of thehared libraryconcept in the
Microsoft Windowsand OS/2operating systemsand theyhave thefile extenson DLL. OCX
(for libraries containind\ctiveXcontrols), orDR\for earliersystem drivers DLLs can
containcode data, andresourcesin any combination.

DMA

Direct Memory Access. DMA enables hardwaresggtems within the computer to access
systemmemoryfor reading/writing independently of theentral processing unitMany
hardware systems use DMA, includifigk drivecontrollers,graphics cardsetwork cards
andsound cardsDMA channels can transfer data to and from devices with muctCless
overhead.

DRAM

Dynamic Random Accelgiemory. DRAM is a type odindom access memofRAM) that
stores eaclbit of data in a separateapacitorwithin anintegrated circuit The capacitor
charge is refreshed periodically, as opposed to static memory

DRM

Digital Rights Management. DRM refers to #ueess contralechnologies used by publishers
andcopyrightholders to limit usage of digital media or devices.

DUN

DialUp Networking Profile. DUNrovides a standard to access timernetand otherdialup
services oveBluetooth®vireless technology. DUN can be used to access the Internet from a
laptop by dialing up wirelessly onraobile phone

Executable

Afile whose contents are meant to be interpreted apragramby acomputer.
FairPlay

Adigital rights managemdr(DRM) technology created #\pple Inc.
FAT

File Allocation Table. FAT is the primary file system for vaopeating systemsA TFAT is a
Transaction Safe FAT.

FIR

Finite ImpulseResponse filter A FIR filteis a type of aligital filter, anelectronic filterthat
works by performing digital mathematical operations on an intermediate form of a gignal
contrast to olderanalog filters.

Flash memory
Non-volatilecomputer memonythat can be electrich) erased and reprogrammed.
FPGA
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FieldProgrammable Gate Array. An FPGAssmiconductoicontainingprogrammable logic
components (logic blocks) and programmable interconnects.

Gateway
A computer or a network that enables or controls access to another computer or network.
GDI

Graphics Device Interface. GDI is one of the three advesgstems (bng with thekernel
and the Windows API for theser interfaceof Microsoft Windows).GDI is a interface for
representing graphical objects and transmitting thenotaput devices

GOEP

Generic Object Exchange Profile. The GOBRdes a basis for other data profiles, and is
based orOBEX

GPIO

General Purpose Input/Output. GPIO dma provide a set dO portsthat can be configured
for either input or output.

GPS

Global Positioning Systef@Pautilizesat least 24satellitesthat transmit precisenicrowave
signals, enabling GP3eceiverto determineits location, speed, direction, and time.

Head unit

A component of a stereo systemither in avehicleor in ahome cinema systenthat
provides a unified hardware interface for the various components of an electronic media
system.

HFP

HandsFree Profile. HFP is commonly used to enable auto htedskits to communicate
with mobile phones in the car.

HMI
Human Machine Interface.
JTAG

Joint Test Action Group. JTAG refers tolEEE 149.1 standard for test acse ports that are
used for testingprinted circuit boardsisingboundary scan

Kernel

The central component of computaperating systemswhich manages the system
resources (communication betwedrardwareand softwarecomponents).

M3U

Moving Picture Experts Grouaudio Layer ®niform Resource Locatéalso MP3 URL). M3U
is a computer file format that stores multimediaylists

Middleware
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Computersoftwarethat connectssoftware component®r applicatons. Middleware consists
services that enable multiple processes running on one or roongputersto interact across
a network.

MOST

Media Oriented System TranspoMOST is aerial communication system for transmitting
audio, video and control data thugh fiberoptic cables. This multifunctional, high
performance multimedia network technology based on synchronous data communication
requires professional software tools and hardware interfaces.

MP3

MPEGL Audio Layer 3. MP3 is a digital audio encodinghn&trused to create a file to store a
single segment of audio so that it can be organized or easily transferred between computers
and other.

MPEG

Moving Picture Experts Group. MPEG,ug#aking groupof the InternationalOrganization

for Standardization/Internatioal Electrotechnical Commission charged with the

development of video and audio encoding standards. MPEG has standardized compression
formats and ancillary standards.

MTP

Media Transfer Protocol. MTP is a set of custom extensions tBitttere Transfer Protocol
(PTP) from Microsoft. MTP supports the transfer of music filedigital audio playerand
movie files orportable media playersViTPis dosely related toNindows Media Player

NAND flash memory

Forms the core of the removable USB interface storage devicess{ofdBe devicesand
most memory card fonats.

OBEX

OBject Exchange. OBEX is a communications protocol that facilitates the exchange of binary
objects between devices. Many PDAs use OBEX to exchange business cards, data, even
applications.

OPP

Object Push Profil®OPP defines the requirementsrfthe protocols and procedures to be
used by the applications involved in the pushing/pulling of data objects betBaetooth®
devices

PBAP

Phone Book Access Profile. PRARbles the exchangef Phone Book Objects between
devices. It can be used between a car kit and a mobile phone to let the car kit display the
name of the incoming caller.

PCM

A term for data encoded as Linear Pulse Codalilation (LPCM). LPCM is a method of
encoding audioniformation digitally or formats using this method of encoding.
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PDA

Personal Digital Assistant. PDAs are handheld (or palmtop) comphitafgr PDAs also have
both color screens and audio capabilities, enabling them to be usetwhie phones
(smartphone$, Web browsersor portable media players

PDK

Platform Development Kit. Refers to a collection of tools, documentation, and code that
enablesa platform developer (likely a suppl)ao create, exted, and customize an image for
the device. Platform developers have access to allexloperating systenand device
hardwarespecific APl$n addition toapplicationlevel public APIs. Platform developers can
write new device drivers and modify an ingai order to support new hardware.

PMP

Portable MultimediaPlayer. PMPs areonsumer electronicdevices that are capable of
storing and playingligital media The data is typically stored orhard drive microdrive or
flash memory Mobile phones are also sometimes referred as PMPs because of their
playback capabilities.

PWM module

Pulse Width Modulation module. The purpose of the PWifiddule is to enable timeritical
waveform operations to be handled by the hardware instead of software.

SAPI

Speech Application Programming Interface. SAPI APatleveloped byMicrosoftto enable
the use ofspeech recognitioficonvertsspoken words to machineeadable inputand
speech synthesi@he artificial production of humaspeech within Windowsapplications.

SD card

Secure Digital (SD) card. An SD cardlash(non-volatile) memory cardormat developed
by Matsushitg SanDisland Toshiba SD cards are uséu portable devices such agital
camerashandheld computersPDAs mobile phonesand GPSunits.

SDIO

Secure Digital Input Output. Devices that support SDIO (typically PDAs, laptops or mobile
phones) can use small devices designed for the SD form factor, sGPSeceivers Wi-Fi

or Bluetoothadaptersmodems Ethernetadapters, or other mass storage media such as
hard drives.

SDP

ServiceDiscovery ProfilesSDPsre network protocolshat enable automatic detection of
devias and services offered by tldevices on a computer network. (For example, the

Bluetooth@SDP is a profilesed to find out which Bluetooth services are offered by the
remote device).

SMS

Short Message Service. SMS g@amunications protocahat enables the interchange of
short text messages betweenobile telephone devicesSMS technology has facilitated the
development and growth diext messaging
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SPP

Serial Port Profile.ne SPRmulates a serial cable in order to provide an easily implemented
wireless replacement for existigS232-based serial communications applications, such as
familiar control signals. Itrpvides the basis for other profiles such as DUN, FAX, HSP and
AVRCP profiles.

SSI

Server Side Includes. SSl is a sirepheerside scriptindanguage used for thé&/eb primarily
for dynamicallyincluding the contents of one file into anothfie that is served by &Veb
server.

SyncML

Synchronization Markup Language. SyncMLpilatform-independentinformation
synchronization standard

UART

UniversalAsynchronoudReceiver/Transmitter. UART isomputer hardwarecomponent (an
individual or a part of an integratearcuit) that translates data between parallel and serial
forms. UARTSs are now commonly included in microcontrollers.

Uuss

Universal Serial BUEISB ia serialbusstandard forinterfacedevices, designed to both
enable peripherals to be connected using a single standardized interface socket and to
improveplug-and-play capabilities byetting devices be connected and disconnected without
rebootingthe computer (calledhot swapping.

vCard
A file format standard for electronic business cards.

Wi-Fi
Wireless Fidelity. A wireless technoldbgt promotes standards for the interoperability of
wireless local area network products based on lilgtitute of Electrichand Electronics

EngineergIEEE802.11 standards. Common applications forRMinclude Internet and VolP
phone access, gaming, and network connectivity for consumer electronics.

WAV

WaveformAudio Brmat. AMicrosoftandIBM audio file formatstandard for storing an

audio bitstream on @omputer. It is a variation of thRIFFResource Interchange File

Format, a generic mettbrmat for storing data in tagged chunks}stream formatmethod
F2NJ AG2NAyYy 3 RI G anyormatQsednMindawsfor ray ahd typicallyi K S
uncompressed audio. The default bitstream encoding is the Micrésdfie Code

Modulation (LPCM) format.

Win32API

Windows API. WInAPI is the core seapplication programming interfacg@\PIs) available in
the Windowsoperating systenms Win32 & the32-bit APl The API consists of functions
implemented in system DLIeernel32.dlj user32.dl] andgdi32.dl).
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Windows Embedded CE

A Windows operating systedevelopedfor embedded systems. Windows G#&sa distinctly
different kernel,not a trimmeddown version of desktop Windows ghould notbe confused
with Windows XP Embeddedhich isbased on Microsoft® Window$®). Windows
Embedded CE 6i8 supported on Intel x8@nd compatible processordylIPS, ARM, and

Hitachi SuperH processoldicrosoft Auto 3.0 only ships with support for two ARldsed
processors

WMA

Windows Media Audio. WMA is @udio data compressiotechnology developed by

Microsoftas part of the Windows Media framework. WMA can refer to alelio file format
or itsaudio codecs

WPL

Windows Media Player Playlist. WPL is a computer file format that stores multimedia
playlists
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Appendix 1: Microsoft Automotive Business Unit

Microsoftcreated the Microsoft Automotie Business Unit (ABU) in 1995 in respond@eo
growing desire of consumers to remain connected totthiormation and entertainmentvhile
traveling in their carsThe ABW a multidisciplinary group composed of product developers and
business leaders iNorth America, Japan, and Germanyg a dedicated pamer to the

automotive industry TheABUprovidesinnovative technologies and flexible software to help
deliver reliable, easyo-implement, and coseffective incar infotainment solutionshat can

help automakers and suppliers distinguish themselves in the marketplace.
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